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C O M M U N I C A T I O N S  


Hydrophobic Self-Association of 
d-Propoxyphene Hydrochloride and the Effect 
of Urea: A Nuclear Magnetic Resonance Study 


Keyphrases 0 d-Propoxyphene HC1-hydrophobic self-association 
0 Urea effect-d-propoxyphene HCl self-association 0 NMR 
spectroscopy-molecular interaction 


Sir: 


d-Propoxyphene is an important nonnarcotic anal- 
gesic agent. In a previous study from our laboratories, 
Conine has reported that aqueous solutions of d- 
propoxyphene hydrochloride possess the ability to  
solubilize sparingly water-soluble organic acids (1). 
Conine's data have strong parallels to  the phenomenon 
of micellar solubilization ; he observed an apparent 
solute critical micelle concentration (SCMC). The 
amount of organic acid solubilized per mole of d- 
propoxyphene hydrochloride increased appreciably once 
the SCMC had been exceeded. Formation of aggregates 
of some type by propoxyphene ions was suggested but 
no  direct evidence for this phenomenon was presented. 
Other reports (2, 3) in the literature also show that 
pharmacologically active amines form aggregates in 
aqueous solutions of their salts. It was of interest to us 
to  develop a more definitive understanding of the aggre- 
gation phenomenon in aqueous d-propoxyphene hydro- 
chloride solutions. 


Nuclear magnetic resonance (NMR) spectroscopy can 
provide much detailed information about molecular 
interactions. In recent years NMR has been utilized for 
this purpose in such diverse areas as micelle formation 
(4), micellar solubilization (5 ) ,  drug-protein interactions 
(6) ,  and enzyme-substrate interactions (7). Applications 
of this versatile tool to  research problems in physical 
pharmacy are not well documented in the literature. 
In this communication we wish to  describe the findings 
of a preliminary NMR spectroscopic study of the self- 
association of d-propoxyphene hydrochloride in aqueous 
solutions. 


The effect of concentration on the high resolution 
NMR spectrum of d-propoxyphene hydrochloride in 
DzO is illustrated in Fig. 1 .  Assignments of the various 
signals, based on a first-order analysis, are also indicated 
in the figure.2 As the concentration is increased, the 
signals of the aromatic and C-1 methylene protons are 
the most strongly affected. The fine structure in the 
aromatic region, apparent at low concentrations, is 
gradually lost as the solute concentration is increased. 


1 Marketed as Darvon by Eli Lilly and Co. 
The C-3 proton multiplet coincides with the N-methyl singlet and 


therefore it cannot be observed directly. 
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Figure 1-Effect of concentration on 100-Mc.p.s. N M R  spvctrurn 
of d-propoxyphene hydrochloride in D20 at 30". The scale is re- 
ferred to external TMS which was used as the source of a lock signal. 
Key: A, 0.1 M; B, 0.2 M; C, 0.3 M; D, 0.5 M; and E, 1.0 M. 


In a 1 M solution, two rather broad singlets appear for 
the aromatic protons, The signal at 4.22 p.p.m. due to  
the C-1 methylene group is also appreciably broadened 
as indicated by its linewidth at half-height. The width 
of the sharp singlet due to the dimethylamino protons 
appears to be the least affected. 


In addition to line broadening, all the signals move 
upfield as the concentration is increased; however, those 
due to the aromatic and the C-1 methylene protons 
undergo the most pronounced upfield shifts. It thus 
appears that aggregation in aqueous d-propoxyphene 
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Figure 2-Effect of urea on 100-A4c.p.s. NMR Jpectrum of 0.3 M 
d-propoxypliene hydrochloride in DaO at 30". The scale is referred 
to external TMS which was used as the source of a lock signut. The 
peaks Jymmetrtcally placed on either side of the HOD peak are 
spinning sidebands. The rather broad peak ut 6.16 p.p.m. is due to 
the unexcliunged amide protons of urea. Key: A, 0.0 M urea; B, 
0.5 M urea; C, 1.0 M urea; D, 2.0 M urea; E, 3.0 M urea; F, 4.0 
M urea. 


P P M ( 6 )  


hydrochloride solution takes place primarily through 
hydrophobic interactions of the aromatic systems. Fur- 
ther evidence supporting the proposed hydrophobic 
nature of this self-association comes from the fact that 
the concentration effects are absent in acetone and 
methanol solutions. It has been shown before that hy- 
drophobic aggregation does not take place in these 
solvents (8, 9). 


One of the factors causing such hydrophobic bonding 
would be the highly ordered water structure around the 
nonpolar moieties of the solute molecule. This ordered, 
cooperative, or iceberg-like structure of water may be 
altered by the addition of urea which has a strong 


potential to interact with water. There appears to  be 
some controversy about the effect of urea on water 
structure as to whether it acts as a structure breaker or 
as a structure maker (lo); however, the hydrophobic 
bond-weakening effect of urea is generally recognized. 


Increasing the addition of urea to d-propoxyphene hy- 
drochloride solutions (at a given concentration) should 
weaken the hydrophobic interactions of the aromatic 
moieties. This predicted effect was observed when the 
NMR spectra of a 0.3 Md-propoxyphene hydrochloride 
solution were examined (Fig. 2). This particular con- 
centration was chosen to demonstrate the effect of urea 
since it appeared, from chemical shift versus concen- 
tration plots, to be just above the concentration at  which 
aggregation is complete. Weakening of hydrophobic 
bonding can be seen by the progressive reappearance of 
the fine structure of aromatic multiplets and by the 
increasing sharpness of C-1 methylene proton singlet as 
the urea concentration is increased from 0.5-4 M. The 
protons which are responsible for the intermolecular 
hydrophobic interactions also show the most significant 
downfield shifts indicating that as hydrophobic bonds 
are weakened, solute structure becomes less ordered. To 
our knowledge this is the first direct NMR demonstra- 
tion of the hydrophobic bond-weakening effect of urea. 


We are, at  present, studying in detail the effect of 
hydrophobic self-association on chemical shifts and 
spin-spin relaxation rates. We are also examining, by 
NMR spectroscopy, aqueous d-propoxyphene hydro- 
chloride solutions containing solubilized aromatic mole- 
cules. Results of these studies will be reported in future, 
more complete papers. 
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The relationship between pH and the mechanism of clindamycin 
degradation could be summed as follows. Below pH 4 clindamycin 
degrades via thioglycoside and amide hydrolysis with thioglycoside 
hydrolysis predominant in the pH range 0.4-4. Above pH 5 clinda- 
mycin degrades by conversion to lincomycin and by other reactions 
such as amide hydrolysis. The extent of lincomycin conversion is 
dependent on the degree of protonation of the N-methyl-4-propyl- 
pyrrolidine moiety. At pH less than 5 where the amine is fully 
protonated no conversion to lincomycin occurs. Then this process 
can be detected in the vicinity of pH 5 and its rate increases as pH 
increases to pH 9 and then becomes constant since the amine func- 
tion is completely nonprotonated. The overall rate of clindamycin 
degradation continues to increase with increasing pH above pH 
9, however, due to the hydroxide ion dependency of the other 
degradative routes. 
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Coumarins XI: A Total Synthesis of (=+Columbianetin 


M. SHIPCHANDLER”, T. 0. SOINEt, and P. K. GUPTAI 


Abstract 0 (f )-Columbianetin [(+)-I] has been synthesized by a 
ten-step sequence starting with 2,6-dihydroxybenzoic acid which 
was converted t o  the methyl ester, benzylated, and reduced to  the 
benzyl alcohol which was oxidized to the aldehyde and monode- 
benzylated to provide 2-hydroxy-6-benzyloxybenzaldehyde (VI). 
Treatment of VI with methyl bromoacetate converted it t o  methyl 
3-benzyloxy-2-formylphenoxyacetate which was cyclized to  methyl 
4-benzyloxybenzofuran-2-carboxylate, the latter being converted 
to 2-(~u-hydroxyisopropyl)-4-benzyloxybenzofuran (XIV) by the 
action of CH3MgI. Reduction and debenzylation of XIV to the 
corresponding dihydrobenzofuran followed by acid-catalyzed con- 
densation with ethyl propiolate provided (+)-I. 


Keyphrases 0 (j=)-Columbianetin-total synthesis 0 TLC- 
separation identity 0 Mass spectroscopy-identity 0 UV spectro- 
photometry-identity 0 IR spectrophotometry-identity 0 NMR 
spectroscopy-identit y 


The isolation of two new coumarins from the umbel- 
lifer, Lomutium columbiunum Math. and Const., was 
reported in 1964 (1). One of these coumarins, a glycoside 
assigned the name columbianin, has since been shown to 
occur in L. dissectum var. multifdum (Nutt.) Math. and 
Const. (2) and L. nuttallii (A .  Gray) Macbr. (3). Acid 
hydrolysis of columbianin yielded D-glucose and a 
tertiary coumarinic aglycone, columbianetin (I) and 
led to the postulation of I1 as the structure for the gly- 
coside. More recent studies (4) have revised the structure 
to 111, i.e., the P-D-gentiobioside of I(II1). The other 
coumarin, columbianadin, was assigned Structure IV, 


i.e., the angelate ester of I, and has been found in 
Peucedanum palustre ( 5 )  as well as in Zosimiu ubsin- 
thifoiiu (Vent.) Link (6,7). The absolute configuration of 
I has been shown to be 8(S) (8). 


I , R = H  
11, R = D - G ~ U C O S ~ I  


111, R = p-u-Gentiobiosyl 
IV. R = Angeloyl 


I 


OH 


The recent total synthesis of marmesin (V) and its 
optical antipode, nodakenetin, by Nakajima et ul. (9) 
and confirmed by Harada et ul. (10) in a study of the 
absolute configuration suggested that a similar synthesis 
could be applied to the preparation of I by utilizing 
2-hydroxy-6-benzyloxybenzaldehyde (VJ) as starting 
material in place of the isomeric 2-hydroxyd-benzyl- 
oxybenzaldehyde employed by these workers. The 
preparation of VI from 2,6-dihydroxybenzaldehyde 
(ie., y-resorcylaldehyde) was the obvious route but a 
survey of the literature pertaining to the preparation of 
the latter (11-15) indicated that all of the published 
methods were characterized by poor overall yields as 
well as lengthy synthetic sequences. Thus, a synthesis of 
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VI starting from readily obtainable 2,6-dihydroxyben- 
zoic acid (VII) appeared attractive (see Scheme I). 
The usual Fischer method of acid-catalyzed esterification 
of VII is reported (16) to give low yields and the authors 
found it also gave a poor yield of the methyl ester 
(VI I I). 


appreciable extent. Compound XV, when hydrogenated 
further in the presence of commercially available palla- 
dium-on-carbon, provided the dihydrobenzofuran com- 
pound (XVI) which was subsequently obtained also by 
direct hydrogenation of XIV in the presence of the same 
catalyst. TLC examination in each case revealed a spot 


OCH,+ 


Ag salt, CHaI OCH,Br, K2COJ 


HO OH +CH,O 
HO QOH - 


COOH COOCH, COOCH? 
VII VIII IX 


90% LiAlH, 1 
OCH& 


M n 0 2  


+CH20 


PdL, H. 


K H 2 0  
CHO CH-OH 


HO 
CHO 


1'1 XI X 
Scheme I 


Employment of the method of Tomino (17), however, 
reacting the silver salt of VII with methyl iodide pro- 
vided a 75% yield of VIII. Benzylation of VIII was 
carried out by the method of Doyle et al. (16) who pre- 
pared it without characterization and simply hydrolyzed 
it for further synthetic procedures. In the present study 
IX was obtained in 90 % yield and, upon saponification, 
yielded the corresponding acid already described by 
Doyle el al. (16). Lithium aluminum hydride reduction 
of IX yielded the corresponding alcohol (X) in 90% 
yield. Oxidation of X with active manganese dioxide 
provided the aldehyde (XI) in 72 % yield (IS). Removal 
of a single benzyl group to obtain the desired mono- 
benzyl ether (VI) in 66 % yield was effected by catalytic 
hydrogenolysis with palladium-on-carbon. 


The sequence of reactions to provide (*)-I from VI is 
shown in Scheme 11 and begins with alkylation of VI in 
90% yield with methyl bromoacetate to provide XI1 
followed by cyclization in the presence of magnesium 
methoxide by the method of Davies et al. (19) resulting 
in XI11 in 63 % yield. Treatment of XI11 with methyl 
magnesium iodide resulted in an oily tertiary alcohol 
(XIV) reminiscent of the similarly oily isomeric product 
obtained by Nakajima et al. (9) who proceeded directly 
to its hydrogenation without further characterization. 
Utilizing the alkaline palladium-on-carbon (20) of the 
above authors in the present study to minimize hydro- 
genolysis of the allylic tertiary alcohol function, the 
resulting product appeared to be only that (XV) result- 
ing from simple debenzylation of XIV. This was illus- 
trated by its mass spectrum which showed a strong 
moIecular ion peak at m/e 192 accompanied by the base 
peak at m/e 177 (doubly charged ion at  mle 88.5), 
undoubtedly due to a loss of methyl radical (see Scheme 
III).z The mje 177 ion does not fragment further to any 


~~~ ~ 


Attempts to reduce XI11 catalytically under varying conditions 
prior to treatment with the Grignard reagent were uniformly unsuccess- 
ful and accompanied only by debenzylation and/or reduction of the 
aromatic ring. 


2 Fragmentation supported by the appearance of corresponding 
metastable ions has been indicated by heavily-lined arrows here and in 
Scheme IV. Numbers in parentheses correspond to abundance ratios. 


with a higher Rf value than that of XVI, presumably the 
hydrogenolyzed desoxy compound. Compound XVI 
gave a molecular ion at  m/e 194 in the mass spectrum 
and its fragmentation behavior had a marked resem- 
blance to  that of columbianetin (I) as evidenced by the 
loss of H 2 0  from the molecular ion followed by methyl 
expulsion to give the benzopyrilium ion a t  m/e 161 
(21) (see Scheme IV). Further, a strong peak at  m/e 59 
is due to  the protonated form of acetone arising from 
the side chain of the molecular ion. Loss of acetone 
from the molecular ion provides an ion of m/e 136 (base 
peak) which fragments further as illustrated. 


The final conversion of XVI to (*)-I was accom- 
plished through the method of Kaufman and Kelly 
(22) who employed ethyl propiolate in the presence of 
an acid to  form the coumarinic lactone ring. This 
method has also been used successfully by Ganguly 
et al. (23). In the present study, condensation of XVI 
with ethyl propiolate in the presence of zinc chloride 
provided (=!=)-I in low yield. The identity of the racemic 
product was established by TLC, UV, IR, and mass 
spectral comparison with natural (+)-columbianetin. 


Y 


EXPERIMENTAL 


Melting points were determined in a Thomas-Hoover melting 
point apparatus and are uncorrected. 1R spectra were determined 
with a Perkin-Elmer 237B grating infrared spectrophotometer and, 
unless otherwise specified, were determined in potassium bromide 
pellets. NMR spectra were determined with Varian Associates A-60 
and A-60D instruments using tetramethylsilane (TMS) as the 
internal standard. Unless otherwise specified, all spectra were ob- 
tained in CDCI3 in approximately 15 concentration and s. refers 
to singlet, d. to doublet, t. to triplet, and m. to multiplet. Mass 
spectra were determined with a Hitachi Perkin-Elmer RMU-6D 
mass spectrometer (courtesy of Mr. A. R. Swanson and Mr. D. L. 
Hobbs, School of Chemistry, University of Minnesota). The instru- 
ment was operated with a source temperature of 250" and an ioniz- 
ing voltage of 50 ev. The samples were introduced by the direct inlet 
technique. UV spectra were determined on a Cary-14 recording 
spectrophotometer in 95 ethanol. Silica gel for column chroma- 
tography (Baker Analyst No. 3405) was activated at 110" and im- 
pregnated with 5 of water. Alumina for column chromatography 
(Woelm neutral alumina purchased from Brinkrnann Instruments, 
Inc., Great Neck, N. J.), silica gel and alumina for TLC (Chroma- 
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gram sheets with fluorescent indicator supplied by Distillation Prod- 
ucts Industries, Rochester, N. Y.), and preparative silica gel- 
coated thin-layer plates (Brinkmann Instruments, Inc.) were also 
used. Microanalyses were performed by the Microanalytical Labo- 
ratory, School of Chemistry, University of Minnesota or by the 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. 


Methyl 2,6-Dihydroxybenzoate (VJII)-Method A-Using the 
method of Doyle et al. (16) which employs methanolic hydrogen 
chloride provided a 32% yield of white crystals, m.p. 68-70'. Lit 
(16) reported m.p. 69-71 O. 


MethodB-The method of Tomino et al. (17) employing the silver 
salt of 2,6-dihydroxybenzoic acid3 with methyl iodide provided a 
75 % yield of white crystals, m.p. 68-70' which on repeated crystalli- 
zation gave m.p. 69-70'. 


Methyl 2,6-Dibenzyloxybenzoate (M)-Methyl 2,6-dihydroxy- 
benzoate (VIII) (16.8 g., 0.1 mole), benzyl bromide (34.2 g., 0.2 
mole) and anhydrous potassium carbonate (36.0 g., 0.26 mole) 
were refluxed together in 100 mi. of dry acetone for 4 hr. with mag- 
netic stirring (16). At the end of the reflux period the solvent was 
removed under vacuum and the residual mass was extracted with 
ether several times. The extract was washed with aqueous sodium 
hydroxide solution (lo%), followed by water, and was finally dried 
over anhydrous sodium sulfate. Removal of the solvent under 
vacuum gave an oily mass which solidified upon standing. The 
product was crystallized from ethanol to yield 31.2 g. (90% of 
theory) of white crystals, m.p. 71-73 ". Repeated crystallization 
from aliphatic naphtha4 gave an analytical sample, m.p. 73-74". 


Anal.-Calcd. for CZ2H20O4: C, 75.84; H, 5.79. Found: C, 76. 12; 
H, 6.08. 


The above ester was hydrolyzed by the method of Doyle et al. 
(16) and 2,6-dibenzyloxybenzoic acid was crystallized twice from 
ethylacetate-naphtha, m.p. 123-124". Lit. (16)gives m.p. 124-126'. 


2,6-Dibenzyloxybenzyl Alcohol (X)-Methyl 2,6-dibenzyloxy- 
benzoate (IX) (17.4 g., 0.05 mole) was dissolved in 150 ml. of 
anhydrous ether and the solution was added dropwise to a mag- 
netically stirred slurry of 3.8 g. (0.1 mole) of lithium aluminum 
hydride in 100 ml. of dry ether kept in an ice bath. The reaction 
mixture was stirred for 30 min. after the addition was complete 
and the excess of lithium aluminum hydride was then decomposed 
by the cautious addition of the required amount of water. After 
stirring for 15 min. following the decomposition, the reaction mix- 
ture was filtered through a sintered-glass funnel and the residual 
mass was thoroughly washed with ether. The filtrate and washings 
were combined, dried over anhydrous sodium sulfate, and the 


*The acid is a product of Aldrich Chemicals, Milwaukee, Wis. 
4 Skellysolve-B, Skelly Oil Co., Kansas City, Mo. 


OH 
XIV 


solvent removed under vacuum. The product was crystallized from 
cyclohexane, to provide 14.4 g. (90% of theory) of white needles, 
m.p. 78-79 '. Several recrystallizations gave an analytical sample, 
m.p. 79-80'. 


And-Calcd. for CkH200a: C, 78.72; H, 6.29. Found: C, 79.01; 
H, 6.31. 
2,6-Dibenzyloxybenzaldehyde (XIFActive manganese dioxide6 


(16 9.) was added to 200 mi. of toluene and stirred magnetically for 
a few minutes before addition of 8 g. (0.024 mole) of 2,6-dibenzyl- 
oxybenzyl alcohol (X). The mixture was then refluxed for 4 hr. with 
continued stirring. The reaction mixture was filtered through a 
diatomaceous earth6 bed while hot and the residue was washed well 
with hot and cold benzene. The combined filtrate and washings were 
stripped of solvent under reduced pressure and the resulting oil 
which had an odor reminiscent of benzaldehyde solidified on stand- 
ing. The product was crystallized from cyclohexane to yield 5.7 g. 
(72% of theory) of white needles, m.p. 80-81.5". Repeated crystalli- 
zation provided an analytical sample, m.p. 81.5-82.5'. The com- 
pound gave a positive test with 2,4-dinitrophenylhydrazine reagent. 


And-Calcd. for C21H2003: C, 79.22; H, 5.70. Found: C, 
79.51; H, 5.66. 


2-Hvdroxv-6-benzvloxvbenzaldehvde (VItPalladium-on carbon " -" . "  ~ ~~ 


(5 %, 2 g.y was shaken in an atmosdhere. of hydrogen for 30 min. in 
50 ml. of ethanol. 2,6-Dibenzyloxybenzaldehyde (XI) (3.18 g., 
0.01 mole) was dissolved in 100 ml. of ethanol with the aid of heat. 
After cooling, this was added to the prereduced catalyst and hydro- 
genated at atmospheric pressure until the uptake of hydrogen 
amounted to 270 ml. (1.1 mole equivalent). The catalyst was re- 
moved by filtration and washed well with hot and cold ethanol. The 


m/e 192 
(38.4) 


molecular 
ion of XV 


Scheme III  


(100.0) 


~~ 


6 Winthrop Laboratories, New York, N. Y. 
6 Celite, Johns-Manville Products Corp.,,New,York, N. Y. 
7 Matheson, Coleman 81 Bell, Cincinnati, Ohio. 
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filtrate, on alumina TLC examination, showed very little of the start- 
ing material (a blue spot under UV light having the greatest mobility 
when developed with C6H6:CHC13, 1 :I) while the monobenzyl com- 
pound appeared as a yellowish-green fluorescent spot. A third spot, 
having the least polarity and showing a dark spot under UV light, 
was assumed to be 2,6-dihydroxybenzaldehyde. The filtrate and 
washings were combined and concentrated under reduced pressure 
to 70 ml. On standing and cooling, the product crystallized out as 
yellow needles weighing 1.35 g., m.p. 72-73'. The mother liquor 
was evaporated to dryness and chromatographed through a silica 
gel column 25 g., 1.92 X 25.40 cm. (0.75 X 10 in.). The product was 
eluted with cyclohexane: benzene (3:l) and on evaporation of the 
eluant solvent under reduced pressure followed by crystallization 
provided 0.16 g. more of the product for a total yield of 1.51 g. 
(66x  of theory). Repeated crystallization from naphtha gave an 
analytical sample as lemon-yellow needles, m.p. 73-74". 


Anal.-Calcd. for Ci3HI2O3: C, 73.67; H, 5.30. Found: C, 73.46; 
H,5.16. 


The compound gave a violet coloration with ferric chloride solu- 
tion but did not show a hydroxyl peak in the IR. It showed, however, 
a split C==O band at 1625 and 1650 cm.-l (probably due to hydrogen 
bonding). 


Methyl 3-Benzyloxy-2-formylphenoxyacetate (XII)-2-Hydroxy- 
6-benzyloxybenzaldehyde (VI) (2 g., 0.009 mole), anhydrous potas- 
sium carbonate (10 g., 0.073 mole) and methyl bromoacetate (10 g., 
0.073 mole) were refluxed together in 60 ml. of dry acetone for 72 
hr. The precipitated potassium bromide and the unreacted potassium 
carbonate were filtered off and washed well with solvent. The filtrate 
and washings were combined and most of the unreacted methyl 
bromoacetate was removed under vacuum with the final traces being 
removed by passing a stream of air over the residue for a few hours. 
The product was crystallized from ethanol to give 2.38 g. (90% of 
theory), m.p. 99-101 '. Several recrystallizations gave an analytical 
sample as white needles, m.p. 100-101 '. 


Anal.-Calcd. for CI7Hl6O5: C, 67.99; H, 5.37. Found: C, 67.91; 
H, 5.59. 


Methyl 4-Benz yloxybenzofuran-2-carboxylate (XIIItMagnesium 
methoxide was prepared from magnesium metal powder (20 g., 
0.825 mole, 70-80 mesh) and 600 ml. of dry methanol. Methyl 3- 
benzyloxy-2-formylphenoxyacetate (XII) (4 g., 0.01 3 mole) was 
added and the mixture refluxed for 12 hr. (19). After removal of 
most of the methanol, crushed ice and water were added and the 
excess of methoxide was decomposed by portionwise addition of 130 
ml. of concentrated hydrochloric acid while cooling the mixture 
continually in an ice bath combined with simultaneous addition of 
crushed ice to the reaction flask. After decomposition of all of the 
methoxide, the aqueous layer was extracted several times with 
ether and the extract dried over anhydrous sodium sulfate. Removal 
of the solvent under reduced pressure and crystallization from 


m/e 1F1 
(13.1) 


ethanol gave 2.27 g. of the product, m.p. 128-129". The mother 
liquor was chromatographed through a silica gel column (25 g., 
1.92 X 25.40 cm.) (0.75 X 10 in.). The product was eluted with 
benzene and the column monitored with a hand UV lamp, the de- 
sired compound showing a blue fluorescence. Evaporation of the 
eluant and crystallization provided an additional 0.1 g. of the prod- 
uct for a total yield of 2.37 g. (63 % of theory). Repeated crystalliza- 
tions provided an analytical sample as shiny white plates, m.p. 


And-Calcd. for CliH1404: C, 72.33; H, 5.00. Found: C, 71.99; 
H,  5.22. 
2-(~-Hydroxyisopropyl)-4-bzyloxybenmfuran (XIVbGrignard 


reagent was prepared from 0.4 g. (0.017 mole) of magnesium metal 
powder (70-80 mesh) and 1.4 ml. (0.022 mole) of methyl iodide in 
20 ml. of dry ether under nitrogen. Methyl 4-benzyloxybenzofuran- 
2-carboxylate (XIII) (0.4 g., 0.0014 mole) in 8 ml. of dry tetrahydro- 
furan was added dropwise with magnetic stirring at 0". The reaction 
mixture was then stirred at room temperature for 15 min. and al- 
lowed to stand for 18 hr. The Grignard complex was then decom- 
posed with saturated aqueous solution of ammonium chloride (10 
ml.) and the ethereal layer separated. The aqueous layer was ex- 
tracted with ether (4 X 20 ml.) and the combined ethereal solutions 
were dried over anhydrous sodium sulfate. Silica gel TLC examina- 
tion (CHC13 :EtOAc, 1 : 1 as developing solvent) showed a blue spot 
under UV light with slightly less mobility than the starting material 
which was present only in traces. Removal of the ether under re- 
duced pressure provided a yellow oil which could not be induced to 
crystallize. The IR spectrum (neat) showed the complete disap- 
pearance of the C=O band and the appearance of a hydroxyl ab- 
sorption at 3370 cm.-1. In the NMR spectrum the gem-dimethyl 
protons appeared at 1.62 (s., 6H), the t-hydroxyl proton at 2.30 
(broad s., lH),  the benzylic protons at 5.15 (s., 2H), and the aro- 
matic protons including the protons of the benzofuran ring appeared 
between 6.50 and 7.50 6 (m., 9H). The peak at 2.30 6 disappeared 
completely upon addition of D20. This oily compound (XIV) was 
subjected to hydrogenation without further characterization. 
2-(~~-Hydroxyisopropyl)-4-hydroxybenzofuran (XVbThe oily 


compound (XIV) prepared as above was stirred with 0.2 g. of alkali 
treated 5 %  palladium-on-carbon (20) in 20 ml. of ethanol in an 
atmosphere of hydrogen at atmospheric pressure for 24 hr. As the 
reaction proceeded a spot having less polarity than the starting 
material appeared on silica gel TLC examination (CHCl, :EtOAc, 
1 : 1 as the developing solvent using UV light for spot detections). 
At the end of 24 hr. the TLC examination showed very little of the 
starting material. The catalyst was removed by filtration and washed 
well with hot and cold ethanol. The filtrate and washings were 
combined and the solvent removed under reduced pressure. The 
product was crystallized from ethyl acetate-cyclohexane to yield 
0.18 g. (66x  of theory in two steps), m.p. 158-161 '. The product 


129-130". 
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was further purified by passing it through a silica gel column 10 g., 
1.60 X 20.32 cm. (0.63 X 8 in.) using chloroform as the eluant. An 
analytical sample was prepared by repeated crystallization, m.p. 
163-164". Compound XV gave a violet coloration with alcoholic 
ferric chloride solution. 


And-Calcd. for Cl&03: C, 68.73; H, 6.29. Found: C, 68.58; 
H,  6.51. 
2-(~-Hydroxyisopropyl)-4-hydroxy-2,3-dihydrobenzofuran (XVI) 


-The oily compound (XIV) prepared as above was hydrogenated 
in a Parr apparatus at 10 p.s.i. pressure in the presence of 0.4 g. of 
palladium-on-carbon (5 %) in 20 ml. of ethanol for 24 hr. At the end 
of this period the catalyst was removed by filtration and washed 
well with hot and cold ethanol. The filtrate and washings were 
combined and the solvent removed under reduced pressure. Silica 
gel TLC examination (CHC13 :EtOAc, 1 : 1 as developing solvent) 
showed two spots when treated with iodine vapors. The spot with 
the higher Rf value was presumably the corresponding desoxy com- 
pound which was eluted out along with other impurities using 
benzene on a silica gel 10 g., 1.60 X 20.32 cm. (0.63 X 8 in.) column. 
Elution with a large volume of chloroform, evaporation under 
reduced pressure and crystallization from ethyl acetate-cyclohexane 
gave 0.18 g. (65 % of theory in two steps) of the product, m.p. 150- 
152 ". An analytical sample was obtained by several recrystalliza- 
tions, m.p. 153-154'. 


Anal.-Calcd. for CllHI4O3: C, 68.02; H, 7.27. Found: C, 68.12; 
H, 7.26. 


The same product was obtained from the corresponding benzo- 
furan compound (XV) when 0.1 g. was hydrogenated for 24 hr. in a 
Parr apparatus at 10 p s i .  pressure in the presence of the same 
catalyst (0.1 g.) in 10 ml. of ethanol. The isolation was effected in the 
same manner to yield 0.055 g. of the product. 


(A)-Colurnbianetin [(i)-I]-2-(~-Hydroxyisopropyl)-4-hydroxy- 
2,3-dihydrobenzofuran (XVI) (0.2 g., 0.001 mole), zinc chloride (0.2 
g., 0.0015 mole, fused before use) and ethyl propiolate ( 1  .O g., 0.0058 
mole) were heated at 90" for 1 hr. under nitrogen (22). After cooling, 
the yellow mass was treated with dilute hydrochloric acid (4 ml.) 
and the acid layer extracted exhaustively with chloroform. The 
chloroformic extract was dried over anhydrous sodium sulfate and 
the solvent removed under reduced pressure. Silica gel TLC exam- 
ination (CHC13 :EtOAc, 1 :1 as developing agent) showed a fluores- 
cent spot under UV light with the same R j  value as authentic (+)- 
columbianetins along with several other spots. The oily residue was 
chromatographed through neutral alumina 20 g., 1.92 X 25.40 cm. 
(0.75 X 3.5 in.) and eluted with chloroform. The fractions were 
examined by TLC and those containing (&)-I were mixed together 
and the solvent removed under reduced pressure. The product, 
weighing 0.028 g., m.p. 167-168.5" was obtained after three crys- 
tallizations from chloroform-n-hexane. All the mother liquors 
were combined, concentrated, and streaked on a preparative silica 
gel plate and developed with the same solvent system. The zone 
corresponding to (&)-I was scraped off and eluted with methanol. 
The solvent was then removed and the product was passed through 
a short neutral alumina 5 g., 1.27 X 5.08 cm. (0.5 X 2 in.) column 
using chloroform as the eluant. Removal of the solvent and two 
crystallizations from chloroform-n-hexane provided 0.01 3 g. of 
white crystals, m.p. 165.5-168.5", providing a total yield of 0.041 g. 
(16% of theory). Several crystallizations gave an analytical sample, 
m.p. 17@171°. 


Anal.-Calcd. for Cl4HI4O4: C, 68.28; H,  5.73. Found: C, 68.24; 
H, 5.84. 


The product had an identical Rf value to that of (+)-columbiane- 
tin on a silica TLC sheet using the CHC13 :EtOAc, 1 : 1 solvent sys- 
tem. It also had an identical UV spectrum with the natural product. 


~~ 


* Obtained during the studies of Gupta and Soine (2). 


The IR spectra in KBr pellets of the two samples showed minor dif- 
ferences which were removed when solution spectra (2.5 in CHCI1) 
were compared. In the mass spectrum the molecular ion appeared 
at m/e 244. When the mass spectra of the natural I and the synthetic 
(&)-I were run under identical conditions it was found that the base 
peaks appeared at  m/e 59 and all of the major peaks above m/e 75 
were in excellent agreement insofar as abundance ratios were con- 
cerned. 


REFERENCES 


(1) R. E. Willette andT. 0. Soine, J.  Pharm. Sci., 53,275(1964). 
(2) P. K. Gupta, andT. 0. Soine, ibid., 53, 1543(1964). 
(3) K. H. Lee and T. 0. Soine, ibid., 57,865(1968). 
(4) M. Shipchandler and T. 0. Soine, ibid., 57, 747(1968). 
(5) B. E. Nielsen and J. Lemmich, Acta Chem. Scand., 18, 


(6) G. K. Nikonov and D. I. Baranauskaite, Chem. Natl. Prod., 


(7) T. 0. Soine and K. H. Lee, J.  Pharm. Sci., 57,655(1967). 
(8) B. E. Nielsen and J. Lemmich, Acfa Clwm. Scand., 18, 


(9) M. Nakajima, J. Oda, and H. Fukami, Agr. Biol. Chem. 


(10) I. Harada, Y. Hirose, and M. Nakazaki, Tetrahedron Letters, 


(11) R. C .  Shah and M. C. Laiwalla, J. Chem. SOC., 1938, 


(12) D. B. Limaye, Rasaynnam. 1, 8(1936); through Brit. Chem. 


(13) K. Nakazawa, J. Pharm. SOC. Jupun, 59, 169(1939). 
(14) A. A. Shamshurin, J.  Gen. Chen?. USSR, 14, 211(1944); 


(15) S. M. Parikh and V. N. Thakor, J. Uniu. Bombay, 23, 37 


(16) F. P. Doyle, K. Hardy, J. H. C. Nayler, M. J. Soulal, E. R. 


(17) K. Tomino, Yakugaku Zusshi, 78, 1425(1958); through 


(18) L. F. Fieser and M. Fieser, "Reagents for Organic Syn- 


(19) J. S. H. Davies, P. A. McCrea, W. L. Norris, and G. R. 


(20) R. Mozingo, Org. Syn., 26, 77(1946). 
(21) M. Shipchandler and T. 0. Soine, J.  Phurm. Sci., 57, 741 


(22) K. D. Kaufman and R. C. Kelly, J.  Heterocyclic Chem., 2, 


(23) A. K. Ganguly, B. S. Joshi, V. N. Kamat, and A. H. Man- 


1379( 1964). 


1, 169(1966). 


21 1 1 ( 1964). 


Tokyo, 27, 695(1963). 


1968, 5463. 


1828. 


Abstr. A, ii, 258( 1937). 


through Chem. Abstr., 39, 2286(1945). 


(1954); through Chem. Abstr., 49, 10276(1955). 


Stove, and H. R. J. Waddington, J.  Chem. SOC., 1962, 1453. 


C h m .  Abstr., 53, 8018(1959). 


thesis," Wiley, New York, N. Y., 1967, p. 637. 


Ramage, J.  Chem. SOC., 1950, 3206. 


(1968). 


91( 1965). 


made, Tetrahedron, 23, 4777(1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 5, 1969 from the Department of Medicinal Chem- 
istry, College of Pharmacy, University of Minnesota, Minneapolis, 
MN 55455 


Accepted for publication August 28, 1969. 
This work was supported by N.I.H. grant No. HE-7101 from 


* Present address: Department of Medicinal Chemistry, School of 


t To whom all requests for reprints and information should be 


the United States Public Health Service. 


Pharmacy, University of Kansas, Lawrence, KS 66044 


directed. 
Present address : Custom House, Madras-1 , India. 


Vol. 59, No. I, January 1970 0 71 








cedure described in this paper is being applied to a series of complex 
pharmaceutical mixtures which will be the subjects of future articles. 
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Utilization of the Solids Processor for Preparation of 
Tablet Granulations 


FRANK W. GOODHART, J. RONALD DRAPER, and FRED C. NINGER 


Abstract 0 Various factors relating to the use of vacuum tumble 
dryers for the preparation of tablet granulations were studied. A 
dryer was employed (the 1-cu. ft. solids processor) which has a 
working capacity of 15-18 kg. for most pharmaceutical granula- 
tions. A typical process involves the wetting of the substrate with a 
drug solution and then drying at a predetermined temperature and 
vacuum. It was found that uniform drug distribution for low-dose 
tablet formulations could be obtained. Drying rates were deter- 
mined for spray-dried lactose and dicalcium phosphate dihydrate 
at two temperatures and three tumbling speeds. Drying times 
varied from 35 to 60 min. A series of modified direct compression 
formulations was studied in which microcrystalline cellulose was 
used at two levels; two lubricants, calcium stearate and stearic acid, 
were employed; and lubricant addition was carried out by two 
methods, internal and external. The effects of these factors on 
tableting characteristics were monitored by an instrumented tablet 
machine (Stokes BB-2), and the final physical properties of the 
tablets were determined. A series of antacid granulations was 
prepared in which the influence of mixing time and the amount of 
granulating fluid was varied. The resulting granulations and tablets 
were characterized as described above. 


Keyphrases 0 Solids processor-preparation, tablet granulations 
0 Tablet granulations, preparation-solids processor 0 Vacuum 
tumble dryers-data, mixing, drying, formulation, processing 
factors 


New technology for the formulation of solid dosage 
forms has been developed over the past 5-10 years. 
The availability of new materials per se, new forms of 
old materials, and the invention and utilization of new 
machinery have allowed the formulation and manu- 
facture of many products by simplified methods. Thus, 
the use of direct compression of medicinals, especially 


those in the low- and medium-dose range, has overtaken 
older traditional methods of wet granulation and 
slugging. Emphasis on faster dissolution rate and pro- 
viding the drug in a readily available form are other 
reasons for updating tablet formulation and technology. 


Some methods for simplified processing of tablet 
granulations have been described. A spray-drying 
process was reported by Raff et al. (1). A placebo 
granulation was prepared by spray drying and the 
drug, colorant, and tablet lubricant were added to the 
granulation and blended. A one-step spray-drying 
process could conceivably be feasible if the high inlet 
temperature would not physically or chemically affect 
the drug. Later, Kornblum described a spray-drying 
process for the preparation of a granulation for the 
formulation of sustained-action tablets (2). 


The Littleford-Lodge mixer has been shown to be of 
value in mixing small quantities of active ingredients 
with inert diluents (3) .  In experiments using 250 mcg. 
of micronized salicylamide per 100 mg. of terra alba, 
coefficients of variation for drug content were from 
about 1 to 4% over a 0.5-10-min. interval of mixing. 
Mixing unmicronized salicylamide gave a significantly 
higher coefficient of variation. 


An air-suspension technique for the preparation of 
tablet granulations was described by Wurster (4). These 
granulations were 16-20% active by weight, and devia- 
tion of content from theory was about -1 to +6%. 
The amount of solids lost was 1-8 %. 


Some of these methods might be satisfactory for 
active products in the low-dose range, arbitrarily in the 
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Figure I-Photogrtlpli of the I-cu. fr. cacuum tumble dryer used throughout the study. 


area of 0 . 5 5  mg. per tablet. Ordinarily, tablet weights 
for these drug potencies would be 100-200 mg. When 
low microgram (10-100) quantities of drug are to  be 
incorporated into a tablet, it is the generally accepted 
procedure to dissolve the drug in an appropriate solvent 
and apply the solution to the tablet substrate. The 
reasoning for this procedure is that drug particles often 
vary substantially in physical characteristics from the 
tablet substrate. Adequate dry blending of low-dose 
drugs would be dependent on a number of factors. 
Among these are the relative size distribution of the 
substrate compared to  the drug, the ratio of drug to 
the substrate, the degree of affinity of the substrate for the 
drug, and the degree of static charge. The type of mixer 
used and mixing time are additional practical considera- 
tions. In  one report, the mixing technology for 0.1-mg. 
reserpine tablets weighing 100 mg. (5) was studied. 
It was found that 100 mg. of the ultimate dry mix 
obtained had a coefficient of variation of 3.5x. How- 
ever, on wetting this mix and granulating with water, 
the resulting granules had a coefficient of variation of 
4.3 %. The explanation for the slight segregation in the 
mix was the fact that the various components had 
different affinities for the water. 


From these considerations, it was believed that 
vacuum tumble dryers (VTD) would provide advan- 
tages to the total processing of pharmaceutical granu- 
lations. Formerly, two reports on the use of twin-cone 
vacuum dryers for pharmaceutical material had ap- 


peared (6,  7), but no data on the total processing of 
tablet granulations were reported. VTD provides a 
method for addition of drug from solution, thus elimi- 
nating the various problems encountered in dry mixing 
procedures; among these are colorant blending and 
static charge. Since the material is agitated during 
drying, the tendency for the drugs to migrate, a factor 
which might produce nonuniformity within the powder 
bed, is minimized. Other advantages which are readily 
apparent are: (a) drying in vacuum can be carried out at  
lower temperatures, thus heat-labile drugs may be 
processed more favorably; (b) installations are com- 
pact; ( c )  solvent can be recovered; (d) complete en- 
closure of the mixing chamber virtually eliminates the 
possibility of contaminating adjacent areas with potent 
drug; (e) tumble dryers are easy to clean; (f) discharging 
of material from the VTD is easy and this results in high 
yields of finished product. One-step processing of some 
formulations might be feasible and this alone greatly 
simplifies manufacturing procedures. It was also be- 
lieved that overall processing time might be shorter 
than could be achieved with other equipment. In 
opposition to these advantages are the relatively high 
cost of vacuum dryers and the fact that this equipment 
is not available in many pharmaceutical processing 
plants. 


A general study of the technology for using VTD 
was undertaken in order to better understand its over- 
all applicability to the processing of pharmaceutical 
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Figure 2-Diagrammatic uiew of the I-cu. f t .  uacuum tumble dryer. 
Key: I ,  shell; 2, jacket; 3, access couers; 4 ,  discharge couer; 5 ,  
butterfly ualve; 6, intensifier bar; 7, liquid feed tube; 8, dispersing 
disks: 9,  chromalox immersion heater; 10, heat exchanger; 11, pump; 
12, expansion tank; 13, thermometer; 14, felt ringfilter; 1.5, mercury 
manometer; 16, uapor temperature thermometer; 17, solids separator; 
18, ball value: 19, condensers; 20, receiuer; 21, vacuum pump; 22, 
Dent: 23, chilling unit; 24, expansion tank: 25, solenoid ualue; and 
26, vessel thermometer. 


granulations. Experiments on mixing, drying, formula- 
tion factors, and processing factors were carried out and 
are reported here. 


EXPERIMENTAL 


General Description of Equipment-The equipment employed 
was a 1-cu. ft. vacuum tumble dryer' which is shown in Fig. 1. A 
schematic representation is illustrated in Fig. 2. The shell, 1, is 
fabricated of 304 stainless steel, and all pipes and fittings are 304 
stainless steel. It has a working capacity of about 1518 kg. 
for most pharmaceutical materials and is driven by a 3/4-hp. Reeves 
Vari-Speed Motodrive which can turn the shell at speeds to 47 r.p.m. 
The shell is jacketed, thus providing a method of heating or cooling 
the material being processed. Access covers are provided on both 
sides and a butterfly valve and additional cover are used for dis- 
charging the material. The intensifier bar is operated by a separate 
3-hp. motor. The bar functions as a disperser for added liquid 
material. A liquid feed tube is used in conjunction with the intensi- 
fier bar for the addition of liquids. Liquids are dispersed between 
two sets of disks on the intensifier bar. Spacings between the 
disks may be varied from 0.01 3 to 0.051 cm. (0.005 to 0.020 in.). The 
prongs on the dispersing disks are used for more vigorous mixing 
or for the reduction of agglomerates. 


The jacket is heated by means of chromalox immersion heater 
and a liquid circulating pump. Heated liquid may be chilled by 
shunting the circulation through a heat exchanger which is con- 
nected to the same chiller that is used for the condensing system. 


The vacuum and condensing system consists of a felt ring-type 
filter in the vessel, a vapor temperature thermometer, an absolute 
mercury manometer, a solids separator, two slanted condensers 
leading to a receiver, a Kinney KC-8 vacuum pump, and a Carrier 
model 30EA005 liquid chilling package. An ethylene glycol-water 
mixture was used in the chilling unit and the temperature of the 


Solids Processor, Patterson-Kelley Co.,  Inc., East Stroudsburg, Pa. 


Table I-Composition of Tablet Granulation for the Determination 
of Uniformity of Mixing 


One 110,Ooo 
Tablet Tablets 


~~ 


Methylparaben USP 0.20 mg. 0,0220 kg. 
Isopropyl alcohol N F  1.5001. 
Microcrystalline cellulose N F  52.50 mg. 5.775 kg. 
Starch USP 15.00 mg. 1.650 kg. 
Spray-dried lactose USP 80.80 mg. 8.888 kg. 
Calcium stearate N F  1.50 mg. 0.165 kg. 


150.00 mg. 16.500 kg. 
~ _ _  


circulating liquid was generally -2 to -5".  A solenoid valve be- 
tween the vacuum pump and the condensers closed when the 
vacuum pump was turned off, thus preventing the condensers from 
being fouled with oil. The vacuum pump was vented to the atmo- 
sphere for removal of vapors which collect in the oil. 


General Operation-Material is placed in the shell and the 
access covers are fitted and sealed against the recessed O-rings. 
Care must be taken to obtain a good seal because small amounts 
of material between the lid and O-ring may cause a leak which 
interferes with the operation of the processor. The material may be 
mixed by tumbling, and if lumps are present the intensifier bar may 
be turned on. Dispersion blades on the intensifier bar effectively 
break up agglomerates and give additional agitation for better 
mixing. Liquids are then added via the liquid feed tube. For the 
preparation of lowdose tablets, typically 100&1500 ml. of drug 
solution is added to 15-18 kg. of substrate. Usually the time period 
of addition is 5 min., but shorter intervals are also satisfactory. 
Part of the solvent containing no drug is retained for flushing the 
liquid feed tube and dispersing disks. Heat and vacuum are then 
applied to the shell. The degree of vacuum that may be used is 
determined by the inspection of the vapor pressure-temperature 
curve for the solvent being used and the temperature of the con- 
densate. For isopropanol the condensed liquid had a temperature 
of about 23"; thus, a vacuum of 40 mm. of Hg could be applied 
without causing the isopropanol to boil. Upon reaching a vacuum 
of 40 mm. of Hg, the vacuum pump is shut off. Evaporation and 
condensation of the solvent continue at about this level of 
vacuum until most of the solvent is collected. The receiver is emptied 
at this point and full vacuum is applied to the system to remove the 
last traces of solvent. Generally, this process using isopropanol 
takes about 30-50 min. and solvent recoveries are 90-95p7,. Ordi- 
nary materials used for producing low-dose tablet formulations 
are easily emptied from the shell, giving very high yields of finished 
product. No problems with the sticking of materials to the shell 
were encountered in this work. 


Materials-Spray-dried lactose USP XVII, dibasic calcium 
phosphate dihydrate USP XVII, isopropyl alcohol NF XII, stearic 
acid USP XVII, calcium stearate NF XII, starch USP XVII, 
microcrystalline cellulose NF XI1 (Avicel PH 101), methyl p- 
hydroxybenzoate, an estrogenic steroid, and an antacid powder 
containing magnesium trisilicate, aluminum hydroxide, and mag- 
nesium hydroxide. 


Equipment-Stokes BB-2 27 station tablet machine instrumented 
to detect and measure compression force (CF), ejection force 
(EF), and lower punch pulldown force (LPPF); an air-actuated 
pressure-regulated hardness tester; a friabilator (8); and a USP 
XVII tablet disintegration tester. 


Evaluation of VTD for the Distribution of Low-Dose Ingredients- 
Preliminary experimentation on the preparation of drug concen- 
trates, which were to be diluted for the production of tablets by 
the direct compression method, indicated that homogeneous blends 
could be obtained. The drug concentrates varied in composition 
from about 0.20 to 0.75z w/w. An experiment was designed 
for checking typical drug distribution in a 150-mg. tablet containing 
200 mcg. of active ingredient. A model drug, methylparaben, was 
chosen for this work in order to minimize any assay difficulties 
which might occur. Tablets were prepared according to the formula 
shown in Table I. 


Microcrystalline cellulose, starch, and spray-dried lactose were 
placed in the VTD and mixed well by tumbling. Methylparaben was 
dissolved in 1 1. of isopropyl alcohol and added to the powder mix. 
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Table 11-Percentage Composition of Granulations Used in Preparing a Low-Dose Tablet and Method of Lubricant Addition 
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Starch USP 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
Microcrystalline cellulose NF 20.00 20.00 20.00 20.00 35.00 35.00 35.00 35.00 
Spray-dried lactose USP 68.87 68.87 68.87 68.87 53.87 53.87 53.87 53.87 


0.13 D & C red No. 30 lake 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
1 .OO 1 .OO 


- 1 .oo - 1 .OO 
Stearic acid USP 1 .OO 1 .OO 
Calcium stearate NF - 
Isopropyl alcohol NF 
Lubricant additiona I E I E I I E E 


- - - - 
- 1.00 1 .OO 


- 10 


a I-internal; E-external. 


An additional 500 ml. of isopropyl alcohol was used for rinsing 
the liquid feed tube and intensifier bar. The general procedure 
previously given was used to dry the granulation. Jacket tempera- 
ture was set at 66" and the entire process was completed in 40 min. 
At the end of the run, three 100-g. samples of granulation were 
withdrawn from the two sides and bottom of the processor. Samples 
of granulation weighing approximately 150 mg. each were assayed 
in duplicate in order to determine uniformity of mixing. A spectro- 
photometric procedure was utilized for assay of methylparaben. 
This involved treating the sample with 0.05 N sodium hydroxide, 
filtering, and reading at 295 mfi. A blank was similarly prepared 
from the active granulation, but the solution was neutralized with 
0.05 N HCl to quench the absorbance of methylparaben at 295 
mp. The precision of the method was estimated by assaying six 
samples of the bulk 100-g. sample from the bottom position. 


Factors Affecting the Drying Rate of Spray-Dried Lactose and 
Dicalcium Phosphate Dihydrate-Preliminary work on drying 
16.5-18-kg. charges of these materials indicated that two machine 
factors might affect drying rate. Temperature, of course, was one 
factor and speed of tumbling the second factor. Two temperatures, 
42 and 66", and three tumbling speeds, 7, 17, and 31 r.p.m., were 
studied. 


Isopropyl alcohol (1500 ml.) was added to 16.5 kg. of spray- 
dried lactose or 18.0 kg. of dicalcium phosphate dihydrate over a 
5-min. period. The choice of the material to be run, the temperature, 
and tumbling speeds were randomly selected. After liquid addition 
via the liquid feed tube, a vacuum of 60 mm. Hg was applied and 
the jacket temperature was turned on. At the end of an additional 
5 min., the vacuum was reduced to about 40 mm. Hg and the 
processing continued until 1400-1450 ml. of isopropanol had been 
collected. Measurements of the condensate collected were made 
every 5 min. by means of measuring the height of the liquid in the 
receiver which had been previously calibrated. The condensate was 
drained from the receiver and full vacuum was applied. Usually 
an additional 1040 ml. of isopropanol was collected. 


Preparation of Low-Dose Tablet Granulations-The problem of 
mixing very small quantities of drugs with diluent is usually over- 
come by adding a solution of the drug to the diluent. VTD seemed 
ideal for such granulations since the drug could be added through 
the liquid feed tube and the mixture could then be conveniently 
dried in a closed system. Furthermore, it also seemed reasonable to 
add colorants and tablet lubricant by means of solution or suspen- 
sion, thus allowing a one-step processing method. 


206 ' I I 


T M B 


Figure 3-Evaluation of mixing for methylparaben, 200 mcg.ll50 
mg., prepared in the vacuum tumble dryer. Key: T, top: M, middle; 
and B,  bottom. 


A factorial experiment was designed in order to test a number of 
formulation variables. These were the level of microcrystalline 
cellulose, 20 and 35 %; kind of lubricant, stearic acid and calcium 
stearate; and method of lubricant addition, internal or external. 
Other excipients common to all formulas were spray-dried lactose 
and starch; the overall formulas are given in Table I1 with the 
method of lubricant addition. 


A steroid drug was used at 10- and 25-mcg. levels during initial 
investigation. It was decided to carry out formulation screening 
without drug since excessive quantities were required and the 
formulations not containing drug had the same physical and 
compression characteristics as active granulations. 


The general procedure for preparing these granulations was to 
blend the lactose, starch, and microcrystalline cellulose in the VTD. 
In the case of internally lubricated formulations, a suspension of 
the lubricant and the colorant was made in isopropanol and added 
to the powder blend by means of the liquid feed tube and rotating 
intensifier bar. In formulations where the lubricant was added 
externally, only the colorants were added from suspension in 
isopropanol. The same procedure was used for drying as described 
previously under drying rate experimentation, but a temperature of 
66" and a speed of 7 r.p.m. were used for all runs. Lubricants, when 
added externally, were passed through a No. 60 screen onto a 
portion of the dried granulation, preblended, and then added to 
the bulk of the granulation and drum rolled for 20 min. 


Finished granulations were characterized by determining flow 
rate through a standard Stokes BB-2 hopper, by compression on an 
instrumented Stokes BB-2 tablet machine, and by measuring 
finished tablet characteristics. Tablets were prepared using 0.71-cm. 
( g / ~ i n . )  flat-faced beveled-edge punches at a weight of 150 mg. and 
a speed of 1400 tablets per minute. 


Preparation of an Antacid Granulation by the Standard Wet 
Granulation Technique-The components of this granulation were 
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Table 111-Typical Process Record for Vacuum Tumble Dryer" 
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- 30 


- 20 


0 
5 


10 
15 
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Set jacket temperature to 66" 
Set vacuum to 60 mm. 


(Set vacuum to 40 mm. 


- - - - - 
- - - - - 


- 46 27 27 78 
57 32 27 42 370 
66 37 28 44 860 
66 44 29 39 1310 
68 51 30 36 1430 
66 57 30 39 1470 Empty receiver, apply full vacuum 
66 58 29 8 1470 


(1 Material: spray-dried lactose, 16.5 kg. Date: June 4, 1968. Liquid: isopropanol, 1500 ml. Tumbling speed: 31 r.p.m. Jacket temperature: 66". 


mixed in the VTD by means of the impeller bar while tumbling. 
Batch size was 15 kg. Varying amounts of water from 2100 to 2800 
ml. were added, and agitation time with the intensifier bar was 
varied to determine whether these were important factors in the 
actual processing of the granulation. The water was added over a 
5-min. period uiu the liquid feed tube and rotating intensifier bar. 
Drying temperature was at a jacket setting of 60" and tumbling 
speed was 25 r.p.m. Mesh sizes, bulk density, and flow rates were 
measured on all samples. Tablets were compressed on the Stokes 
BB-2 instrumented tablet machine using 1.58-cm. (0.63-in.) flat- 
faced beveled-edge punches at a theoretical weight of 1.33 g. 


RESULTS AND DISCUSSION 


Evaluation of Mixing-Replicate assays of a well-mixed granu- 
lation from the bottom position resulted in a mean content 
of 202.2 mcg. and a standard deviation of 1.40. Results from dupli- 
cate positional assays are plotted in Fig. 3 along with 95% con- 
fidence limits derived from the standard deviation obtained from 
the replicate measurements. There is a lack of any significant 
difference in the content of the three positional samples. In  view 
of the turbulent condition of the powder bed during liquid addition, 
uniform mixing was expected. The VTD was fitted with lucite 
lids rather than the standard steel access covers. This allowed a 
viewing of the condition of the contents under the various process- 
ing conditions. Liquid addition at the rate of 200-300 ml. per 
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Figure 5-Isopropyl alcohol recovery in the uacuum tumble dryer 
for spray-dried lactose af three speeds. Drying temperature, 66". 


minute was observed, and it was noted that the high degree of 
turbulence produced by the intensifier bar in conjunction with 
tumbling of the VTD effectively wetted only the powder. It seemed 
unlikely that localized wetted areas could be produced under these 
processing conditions. On drying, the mixture was free flowing, 
and localized sticking was not experienced. 


Drying Rates-Little information has been published on drying 
pharmaceutical materials and particularly complete tablet granula- 
tions in VTD. Swartz and Suydam (7) described the drying of 
calcium sulfate dihydrate, lactose, and mannitol in the Rovac twin- 
shell processor after addition of loo0 mi. of water to 10 kg. of sub- 
strate. Under the conditions of heat and vacuum employed in the 
Rovac drying, a rising rate, constant rate, and falling rate drying 
cycle was observed. Heat transfer coefficients for the system were 
calculated and reported. 
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Figure 6-Drying rafes for spray-dried lactose using 1500 ml. of 
isopropyl nlcohol and a 16.5-kg. load. Key: S,, 7 r.p.m.; Sz, 17 r.p.m.; 
and SI, 31 r.p.rn. 
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Table IV-Drying Time Factors for Vacuum Tumble Dryers 


Size, cu. ft. Drying Time Factor 


1 
I0 
20 
30 
40 
50 


1 
2.10 
2.70 
3.01 
3.37 
3.70 


Isopropyl alcohol is often the solvent of choice for addition of 
drugs to a tablet substrate; therefore, this solvent was chosen for 
experimentation. A typical processing sheet for these experiments 
is shown in Table 111. Liquid was added over the first 5-min. period 
and the jacket temperature was turned on. After about 15 min. the 
jacket circulating fluid reached the setting of 66". Batch temperature 
was 46" after 10 min. of operation and eventually reached 66" 
by the end of the run. Condensate begins to flow well after I0 min. 
and is rapidly collected over the next 25 min. of processing. The 
increased vapor temperature through the run indicated that iso- 
propyl alcohol vapors were being collected in a somewhat super- 
heated condition. During some processes it is advisable to back- 
flush the felt filter by means of quickly opening the ball valve 
(item 18 in Fig. I ) .  Inrushing air forces dry powdered material 
off the filter, thus allowing better vapor flow from the vessel. 


Comparative condensate volumes collected as a function of time 
are shown in Fig. 4 for dicalcium phosphate dihydrate at 42". These 
data clearly point out the advantage of drying at a high tumbling 
speed over slow tumbling. The process is completed in 45 min. 
at a tumbling speed of 31 r.p.m., but 60 min. is required for drying 
at 7 r.p.m. Similar data were obtained for drying spray-dried lactose, 
Fig. 5.  When drying was carried out at 66" the effect of tumbling 
speed was much diminished and the drying time becomes almost 
entirely temperature dependent. 


Drying rates were calculated and are shown in Figs. 6 and 7 for 
spray-dried lactose and dicalcium phosphate dihydrate. At 66" 
the drying rate reached a maximum of about 100 ml./min. for lac- 
tose and between 67 and 87 ml./min. for dicalcium phosphate. 
At this higher temperature setting, a sharply rising drying rate 
occurs followed by a very sharp drop in rate. Drying at 42" gives 
a somewhat lower drying rate and a subsequent increase in overall 
processing time of about 10-15 min. A nearly constant drying rate 
was noted for dicalcium phosphate at the two lower speeds and 
for lactose only at the lowest speed. The effect of tumbling speed on 
drying rates is probably due to the greater surface area exposed at 
the higher speeds. At these higher speeds the effect of centrifugal 
force on holding the material to the walls might be considered a 
factor which would retard drying rate. However, the materials 
employed in this study were in motion even at high speed, and this 
factor would then contribute to the somewhat increased drying 
rates. 


Larger VTD requires longer drying periods, but drying time does 
not increase proportionately with size. The manufacturer was asked 
for information on drying time in larger processors, and the factors 
for various sizes are listed in Table IV (9). 


Predicted drying time for a process in a 30-cu. ft. VTD would be 
three times the time in a I-cu. ft. VTD. Thus, a process requiring 
35 min. in the 1-cu. ft. VTD would require 105 min. in a 30-cu. ft. 
VTD or 135 min. for a process requiring 45 min. in the smaller 
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Figure I-Drying rates for dicalcium phosphate dihydrate using 
1500 ml. of isopropyl alcohol and a 18.0-kg. load. Key: S,, 7 r.p.m.; 
S2, 17 r.p.m.; and Sa, 31 r.p.m. 


unit. These drying times are quite reasonable in view of drying 
times and extra handling needed by alternate methods. 


Low-Dose Tablet Granulations-Granulations were processed in 
a routine manner similar to those carried out for spray-dried lactose 
in the drying rate experiments. Overall processing time was 45 rnin. 
and about 93-97z of the added isopropanol was recovered. All 
materials were free flowing when dried and no sticking to the lids 
or vessel itself occurred. Yields were very high. 


Flow rates were determined by loading 4.0 kg. of granulation into 
the standard hopper used for the BB-2 machine and noting the 
weight delivery onto a balance at 15- or 30-sec. intervals. Distance 
from the bottom ofthe hopper to the balance platform was 15.24 cm. 
(6 in.). This type of experiment gives an indication of the glidant 
activity of the granulation and also whether or not flow is sluggish. 
Sluggish or nonlinear flow rates have been shown to increase vari- 
ability of tablet weights under some conditions of tableting (10). 
All eight of the granulations prepared exhibited linear flow rates as 
calculated by regression analysis. Flow rates for the various granu- 
lations are given in Table V in g./sec. 


The highest flow rates are for granulations containing stearic acid 
added from alcoholic solution. Lubricant added internally generally 
gives higher flow rates except for calcium stearate at the high level of 
microcrystalline cellulose. These data might be indicative of a lubri- 
cant coating around the substrate particles. 


An attempt was made to compress tablets at hardnesses of about 
6 and to measure the resulting compression properties and physical 


Table V-Compression Data and Physical Data for Granulations Prepared in the Vacuum Tumble Dryer 


c Experiment Number - 
1 2 3 4 5 6 7 8 


Flow rate of granulation, g./sec. 28 27 16 10 32 19 15 21 
Compressive force, Ib. 1732 1549 2488 1854 1128 1506 634 952 


Hardness, kg./sq. in. 6 .1  6.8 4.6 3.2 6 . 4  6.8 5.9 5.6 
Friability, 0.11 0.07 10.98 9.82 0.00 0.00 0.00 0.00 


Average ejection force, $3. 77 82 83 66 71 74 49 69 
Coefficient of wt. variation I .74 1.01 0.60 0.56 0.90 0.74 0.98 0.92 


Coefficient of variation, compressive 
force 3.44 7.23 5.54 5.34 5.51 3.28 4.60 5.11 


Disintegration time, sec. 45-60 30-45 60-75 60-90 60-120 150-210 15-30 15-30 


~~ ~ 
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Table VI-Summary of Physical and Compression Data for Antacid Tablets 


Coefficient of 
Compressive Coefficient 


Mixing Flow Bulk Average Force of Weight 
Water, Time, Rate, Density," Compressive Variation, Hardness, Variation, 


Formula ml. min. g./sec. g./ml. Force z kg./sq. in. z 
1 
2 
3 


2100 5 37.4 0.813 3291 1.65 10.2 0.538 
2100 7 32.8 0.793 3301 1.52 11.2 0.538 
2300 5 21.6 0.819 3762 8.91 9.8 0.538 


4 2300 7 35.7 0.813 3801 2.95 11.1 0.361 
5 2500 5 40.6 0.806 3586 2.89 11.3 0.313 
6 
7 
8 


2500 7 42 9 0 813 3536 2.75 10 7 0 277 
2700 5 40.7 0 819 3402 2.47 11.6 0 387 
2700 7 68 8 0 819 3644 2 65 9 5  0 470 


Determined using the Numinco bulk density tester. 


properties. These data are summarized in Table V. Tablets were 
compressed from all eight granulations, but two of these, 3 and 4, 
demonstrated very high friability of 10-11 %. A considerable 
amount of capping occurred during the friability test. While a 
relatively high compressive force was used to tablet these formula- 
tions, average hardnesses of only 4.6 and 3.2 were attained. Each 
of these formulations contained calcium stearate and a lower level 
of microcrystalline cellulose. 


Formulation factors were quite significant in the amount of 
compressive force needed to make a tablet and to a lesser extent 
on the magnitude of ejection force. In Fig. 8, average compressive 
force is shown as a function of the formulation factors. All three 
factors were very significant statistically. The most significant factor 
was the level of microcrystalline cellulose. Low level (20%) formu- 
lations required compression at an average of 1906 lb. but the higher 
level (35%) formulations were compressed at an average of 1055 
lb. Formulations with the higher microcrystalline cellulose levels 
had hardnesses of 5.6-6.8 and were virtually nonfriable. Granula- 
tions containing internally added lubricant (I) required higher 
compressive force than externally added lubricant (E), Fig. 8. 
The higher force for the internally lubricated substrate is related 
to crystal fracture and realignment in order to obtain a particle 
bonding. The calcium stearate formulations were compressed on 
the average at higher compressive force levels than stearic acid 
formulations. 


The effect of formulation factors on the resultant ejection force is 
shown in Fig. 9. The type of lubricant is seen to have no signif- 
icant effect on ejection force, but both method of lubricant addi- 
tion and microcrystalline cellulose level were highly significant. 
The degree of difference between externally and internally lubricated 
granulations is small from the practical viewpoint. It appears that 
internally added lubricant may be satisfactory over a long run and 
that the final mix step, so common for all tablet granulations, could 
be omitted. Since microcrystalline cellulose itself does not adhere to 
die walls when directly compressed, it seems reasonable that in- 
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Figure 8-Average compressive force as a function of formulation 
factors for direct compression granularions. Key: AL, microcrysfal- 
line celiulose 20 %; A H ,  microcrystalline cellulose 35 %; I ,  internal 
lubrication; E, external lubrication; CS, calcium stearate; and 
SA, stearic acid. 


creasing its level in tablet formulations reduces ejection force. 
It is conceivable that savings in both tool and machine wear are 
possible by working at lower compressive forces. Whether or not 
this factor is worth considering over the use of more expensive 
raw materials has not been determined. 


Disintegration times on all formulations were good. Formulas 5 
and 6 indicate a tendency toward longer disintegration times on 
these internally lubricated granulations. Drug dissolution studies 
would be required to determine further the extent of drug avail- 
ability as a function of lubricant addition method. 


The coefficient of weight variation for all formulas seemed to be 
reasonable but Formulation 1 was somewhat higher than the 
others. During the flow rate studies, it was noted that this formula 
tended to plug the hopper on several occasions. On other runs, 
uniform flow was observed. The somewhat sluggish nature of this 
granulation probably accounts for the higher weight variability. 


Preparation of Antacid Tablets-Granulations were produced 
using various levels of water and two mixing times as noted in 
Table VI. Increments of water were increased by 200 ml. in suc- 
cessive experiments. Preliminary experiments indicated that at 
least ZOO0 ml. of water was required to produce a granulation 
that could be tableted and that 2800 ml. produced an overwetted 
granulation which balled up in the processor. Tablets were com- 
pressed at hardnesses of about 10 kg./sq. in. and the resultant com- 
pressive force was measured. 


Statistical comparison of flow rates of the granulations showed a 
significant difference in slopes between experiments. A trend to- 
wards higher flow was noted as the amount of water used to granu- 
late increased. The mesh sizes of all granulations were about the 
same with the exception of Formula 8 which was coarser. In 
Formula 8 the highest level of water and the longest mixing time 
were used. This coarser mesh pattern could account for higher flow 
rate. Formula 3 exhibited the lowest flow rate and also the highest 
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Figure 9-Effect of formulation factors on ejection force. Key: CS, 
calcium stearate; SA, stearic acid; I ,  internal lubrication; E, external 
lubrication; A L ,  microcrystalhe cellu[ose 20 %; and AH.  microcrys- 
talline cellulose 35 %. 
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coefficient of variation of compressive force. However, weight varia- 
tion of Formula 3 was comparable to other experiments. 


Comparing experiments, hardness was not directly proportional 
to compressive force, indicating that these formulations require a 
somewhat different compression force for preparing tablets of an 
average hardness of 10. It is believed the variability in required 
compression force between different granulations of the same 
formula might be large enough to preclude using compressive 
force as a possible specification in this type of product. The reasons 
for shifts in required compression force have not been reported at 
this time nor their importance described. 


All formulations were satisfactory with respect to chew and 
mouthfeel characteristics, and no substantial difference could be 
found between formulations when tasted by a small taste panel. 


Moisture recovery on drying was 98-99%, and processing times 
varied from 105 min. for the lowest amount of added water to 120 
min. for the highest amount of  added water. Whether these rela- 
tively long processing times, compared with an isopropanol process, 
are acceptable depends to a large degree on the kind of product 
being made and the required rate of production. 


SUMMARY AND CONCLUSIONS 


Various data on the operation of a 1-cu. ft. VTD as related to 
general tableting technology have been reported. The results in- 
dicate that vacuum tumble drying is a satisfactory process for some 
particularly common types of tablet formulations. It was found 
that adequate mixing could be obtained and that the short process- 
ing time coupled with good yields were other advantages. Ob- 
viously the use of such equipment on a larger scale requires the 
usual considerations of loading, unloading, cleaning, etc. While 


the authors’ experience in working with the VTD on a pilot scale 
was highly satisfactory, other alternate methods are available. 
However, the convenience factor as well as other advantages listed 
earlier seems to indicate the VTD may often be the process of choice. 
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Encapsulation of Clomacran Phosphate 
{ 2-C hloro-9- [3-( dimethy lamino) propyl] acridan Phosphate 1 
I: Effect of Flowability of Powder Blends, Lot-to-Lot Variability, 
and Concentration of Active Ingredient on Weight Variation 
of Capsules Filled on an Automatic Capsule-Filling Machine 


GEORGE M. IRWIN*, GERALD J. DODSON, and LOUIS J. RAVIN 


Abstract 0 A correlation has been shown to exist between the flow 
properties of clomacran phosphate powder blends and capsule 
fill weight varistion when an automatic capsule-filling machine 
is used. A correlation of 0.96 was obtained for the capsule mixes 
tested. Weight variation of the finished capsules is also affected by 
lot-to-lot variability and concentration of clomacran phosphate. 
Granulation of the active ingredient overcomes most of the prob- 
lems normally encountered and provides finished capsules of uni- 
form weight. 


Keyphrases Clomacran P04-encapsulation 0 Weight varia- 
tion--clomacran PO4 0 Powder blends flowability, lot variability 
effects-capsule weight variation 0 Concentration effect, cloma- 
cran PO,-capsule weight variation 


Automatic capsule-filling machines are a recent addi- 
tion to the equipment available to the industrial pharma- 
cist for the encapsulation of powders. A detailed de- 
scription of the operation of one of these machines (the 


Zanasi capsule-filling machine) was reported by Stoyle 
( I ) .  He pointed out that, with a well-formulated product, 
capsules can be filled with a high degree of filling ac- 
curacy. Recently Reier et al. (2) evaluated the factors 
affecting the encapsulation of powders using a semi- 
automatic filling machine, but the literature has little 
information on the development of formulations to be 
used with an automatic capsule-filling machine. The 
purpose of this paper is to report data related to some of 
the problems encountered during the development of a 
capsule mix containing clomacran phosphate for use 
with the Zanasi capsule-filling machine. 


In these studies, an attempt has been made to corre- 
late the flowability of powder mixes, as measured with 
the flowometer described by Gold et al. (3), with the 
weight variation of capsules observed during encapsula- 
tion with the Zanasi. In addition, the way in which lot- 
to-lot variability, the concentration of clomacran 
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Drug Abuse: Social and Psychopharmacological Aspects. Compiled 
and edited by JONATHAN 0. COLE and J. R. WITIENBORN, Charles 
C Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xiii + 170 pp. 15.5 X 23.5 cm. Price $9.50. 
This book is drawn from reports presented during the Fifth 


Annual Meeting of the American College of Neuropsychopharma- 
culogy. While there is no primary focus to the papers included, they 
are representative of current research related to the growing social 
and medical concern of drug abuse. 


One paper should be of particular interest because of the contro- 
versial nature of the topic and the scarcity of scientific research in 
this area. This study of the long-term effects of LSD administra- 
tion in volunteer graduate students suggests that the use of LSD 
under controlled circumstances with selected individuals may be 
less hazardous and have less far-reaching consequences than 
previously thought. However, other studies reported in this book 
seem to present evidence to the contrary, confirming the need for 
more extensive research into these problems. 


Data from a study of marijuana indicate that marijuana use be- 
gins as a group experience engaged in by peers, and not as the 
pusher engaging the youth. 


This book includes eleven studies concerning various aspects of 
drugs and drug abuse. While the editors admit that no answers are 
presented, they are hopeful that this volume will serve to stimulate 
research in these and related areas. 


Staff Review 


Drugs and Youth. Edited by J. R. WITTENBORN, HENRY BRILL, 
JEAN PAUL SMITH, and SARAH A. WITTENBORN. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1969. xiv + 
485 pp. 18 X 26 cm. Price $22.75. 
This book, “Drugs and Youth,” is based on the proceedings of 


the Rutgers Symposium on Drug Abuse held in June, 1968, at the 
Rutgers Interdisciplinary Research Center. The one hundred fifty 
participants in the three-day symposium were scientists, law enforce- 
ment officials, and members of the judiciary. 


The book is divided into six major sections, the first being intro- 
ductory material of a broad nature. Part I1 deals with morphine, 
heroin, and cocaine. Amphetamine-type and barbiturate tran- 
quilizer-type drugs are covered in the third section, followed by 
marijuana and LSD in Part IV. 


The concluding two sections deal with drug abuse and the law, 
and action to be taken, respectively. 


Although the book takes a broad look at the problems of drugs 
and youth with a sociological emphasis, it should be of interest to 
all persons working in the area of drug abuse. 


StaffReview 


Techniques of Medication. By ERIC W. MARTIN, STEWART F. 
ALEXANDER, WILLIAM E. HASSAN, JR., and BURTON L. SHERMAN. 
J. B. Lippincott, East Washington Square, Philadelphia, PA 
19105, 1969. vii + 239 pp. 18.3 X 26.1 cm. Price $18.00. 
This book is devoted to discussing those factors that often are not 


emphasized in the administration of a drug. In addition to the 
rational selection of a drug, factors such as route of administration 
and form of medication will often determine the usefulness of a 
medication. The authors have done well in attempting to discuss 
this comprehensive area. The book is introduced by discussing the 
trends in therapeutics and principles of medication. The second 
chapter is devoted to prescription writing and the factors that must 
be considered in a prescription. These factors would include dosage, 
directions to the patient, and legal and professional aspects. 


This is followed by sections dealing with various routes of medica- 
tion (dermatomucosal, parenteral, and gastrointestinal) and outlining 
the principles of medication that must be considered. These prin- 
ciples include topics such as dosage forms, techniques of administra- 
tions, and care of needles and syringes. The next section discusses 
nicely the handling of medication by nurses. This section is written 
in clear, easy-to-follow outline form. The book closes with a com- 


prehensive discussion of the legal aspects of medication. These 
include factors such as prescribing errors, inadequate testing, and 
sensitivity reactions. 


This book incorporates the basic concepts of a book published 
by Austin Smith in 1948 entitled “Technic of Medication.” The 
authors of this volume are to be complimented on bringing this 
important topic up to date and providing a practical manual on 
medication techniques for physicians, medical students, nurses, and 
pharmacists. All members of the health team must not only know 
their drugs but, equally important, they must known how to use 
them. 


Reviewed by J. P. Long 
Department of Pharmacology 
University of Iowa 
Iowa City, IA 52240 


Industrial Toxicology. By LAWRENCE T. FAIRHALL. Second Edition 
(Facsimile of 1957 Edition). Hafner Publishing Co., New York, 
NY 1969. xii + 376 pp. 18.3 X 26.3 cm. Price $12.00. 
A continuing demand for this standard reference work in in- 


dustrial toxicology has justified this reprinting of the 12-year 
old second edition. It is likely that part of such a demand 
is based on the desires of some to replace their much-used and 
worn-out copies. Fairhall has had a well-established and long-stand- 
ing reputation as a source of information about elements and com- 
pounds of toxicologic significance in industry. This book, though 
hardly expected to be up to date, still contains much data of current 
value and is a useful guide to some of the outstanding older litera- 
ture. 


With a compendium type of format, this volume is presented in 
two parts. Part 1 deals with inorganic substances, mostly elements 
and their salts, oxides, or compounds with hydrogen. The larger 
Part 11, entitled Carbon Compounds, deals with numerous organic 
chemicals. For each substance or compound, its chemical and 
physical characteristics, industrial uses, toxicity, and general ap- 
proach to methods of analysis are described in a concisely docu- 
mented form. There is little consideration of mechanisms of toxic 
action and no discussion of the treatment of poisoning by the 
agents described. An appendix contains tables listing urinary 
metabolites of 73 compounds, threshold limit values of numerous 
toxic gases, vapors, fumes and dusts, and the LDso’s by oral ad- 
ministration in rats of 104 organic chemicals. 


Obviously, much new knowledge concerning substances of in- 
dustrial toxicologic importance has developed since this edition was 
published in 1957, and several more recent books are available that 
contain such information. Hence, the later works must be relied 
upon as prime references in the field, with Fairhall serving a valuable 
supplementary and back-up function. An example of an area in 
arrears in this book is the timely topic of pesticides. Some of the 
well-known controversial persistent pesticides such as aldrin, di- 
eldrin, endrin, heptachlor, and heptachlor epoxide are not 
described, though threshold limit values and LDso’s for aldrin and 
dieldrin are tabulated in the appendix. 


For numerous agents described, however, little or no new in- 
formation has been produced since 1957, and for these substances 
Fairhall stands as a definitive reference. This volume is still an 
important component of any library purporting to cover toxicology 
comprehensively or industrial toxicology specifically. 


Reviewed by Julius Coon 
Jeferson Medical College 
Philadelphia, PA 19107 


The Biochemistry of Alkaloids: Molecular Biology, Biochemistry 
and Biophysics, Vol. 3. By TREVOR ROBINSON. Springer-Verlag, 
New York, NY, 1968. 149 pp. 17 X 25 cm. Price $9.75. 
1 enjoyed the opportunity of reviewing this book which was both 


readable and interesting. Although the author, in his preface, makes 
no attempt to state whether the monograph is intended primarily 
as a text or reference book, it would appear to me that its greatest 
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Drug Absorption 111: Effect of Membrane Storage on the 
Kinetics of Drug Absorption 


J. T. DOLUISIO, W. G .  CROUTHAMEL, G .  H. TAN, J. V. SWINTOSKY, and L. W. DITTERT 


Abstract IJ Monoexponential and biexponential disappearance of 
drug was observed both from the simulated gut phase of a three- 
phase in uitro model for drug absorption and from the lumen of an 
in situ rat gut. Monoexponential disappearance occurred when 
accumulation of drug in the membrane phase was low or absent, 
whereas biexponential disappearance occurred when membrane 
accumulation was appreciable. In all cases, overall transfer of 
drug to blood was essentially irreversible. Kinetic analysis of bi- 
exponential lumen phase data, in terms of a two-compartment open 
model, was accomplished by applying the technique of “feather- 
ing.’’ An analog computer was programmed with the calculated 
rate constants and the computer generated curves were compared 
with experimental absorption data from the three phases of the in 
uitro model. Good agreement between the computer curves and 
the experimental data confirmed the validity of the computational 
technique and the accuracy of the individual rate constants. An 
analog computer was also used to simulate the fraction of the dose 
of drug in the membrane for the in situ experiments since the mem- 
brane was not available for analysis. 


Keyphrases 0 Drug absorption-membrane storage effect 0 
Membrane storage effect-drug absorption kinetics 0 Intestinal 
drug transfer-in uitro, in situ preparations 0 Model, three- 
p h a s d r u g  absorption kinetics Analog computer generated 
curves, experimental data curves-comparison 


This paper reports on two kinetic cases of drug 
transfer commonly observed in an in vitro three-phase 
model for drug absorption (l) ,  and in an in situ rat in- 
testinal preparation (2). The objectives of this investiga- 
tion were (a) to correlate kinetic models observed in the 
in vitro system with the kinetics of drug disappearance 
from the lumen in the in situ system; (b)  to evaluate the 
role of drug accumulation in a “membrane compart- 
ment” on the observed kinetics; and (c) to compare 
various computational methods for estimating the rate 
constants involved. 


Many investigators have attempted to  correlate o/w 
partitioning of drugs in various solvent systems with 
their gastrointestinal absorption rates. Although rank 
ordering of a homologous series of drugs in terms of 
their pH-partition behavior and apparent gastrointes- 
tinal absorption rates may be possible, a direct corre- 
lation between these two factors is often difficult to 
demonstrate (3). Possible reasons for the lack of cor- 
relation are: (a) there is no solvent system that mimics 
all the physicochemical properties of the absorbing 
membrane; (b)  o/w partition coefficients are equilibrium 
parameters whereas gastrointestinal drug absorption is 
a dynamic process; and (c) no experimental procedure 
was available which would allow determination of re- 
producible realistic drug absorption rates in a living 
system under closely controlled conditions. 


Previous reports from these laboratories (1) have 
dealt with the use of an in uitro model for the drug 
absorption process which employs an artificial lipid-like 
barrier (organic solvent) separating two aqueous 
buffered phases representing gut lumen fluid and blood. 


This technique allows a study of the o/w partition be- 
havior of drugs in a dynamic system which mimics the 
in vivo absorption process and in which all phases can be 
analyzed so that each rate constant can be evaluated 
individually. In this model several kinetic mechanisms 
involving reversible and irreversible transfer among the 
phases were observed (4). A frequently observed 
mechanism was one involving reversible transfer of drug 
from “gut lumen” (Phase A) to “absorbing membrane” 
(Phase B) followed by irreversible transfer from “absorb- 
ing membrane” to “blood”(Phase C ) ;  that is, A s B -+ 
C. This mechanism fits the expectations of the pH-parti- 
tion hypothesis because it suggests partitioning of drugs 
into the membrane. The in vivo gut to blood transfer of 
many drugs may be described by the A e B 4 C 
mechanism because factors such as the volume, pH, 
and protein-binding capacity of the blood as well as 
the large tissue distribution and rapid metabolism and 
excretion of these drugs often tend to make the rate 
constant for the C- B process very small. Consequently, 
the transport from gut to  blood may take on some char- 
acteristics of a unidirectional process. 


The development of a method for determining drug 
absorption rates from segments of the gastrointestinal 
tracts of rats, in situ, which yields rates which are closely 
reproducible from animal to animal and are comparable 
to those calculated from blood concentration data 
following oral drug administration to  humans and 
intact animals has also been reported (2). By following 
the concentration of drug in the lumen of the intestine 
at closely spaced intervals and analyzing the data using 
methods for estimating appropriate rate constants in 
multicompartmental systems when only one phase is 
available for analysis (5 ,  6),  it is possible to quantitate 
the kinetic model which describes the absorption of 
drugs showing biexponential disappearance from the 
gut lumen. 


EXPERIMENTAL 


In Vitro Three-Phase Model-Apparatus and Reagents-All 
chemicals were reagent grade unless otherwise specified. A Leeds & 
Northrup 7401 pH meter, a Beckman model DB spectrophotometer, 
a Hitachi-Perkin-Elmer spectrophotometer, and an Electronic 
Associates, Inc. TR-48 analog computer were utilized. 


The glass tubes, rocking apparatus, and aqueous buffers used in 
these studies were described in previous communications (1,4). 


Procedure-The procedure for studying drug transfer kinetics in 
the in uitro three-phase model has been described in previous com- 
munications (1, 4). 


In Situ Rat Gut-Apparatus and Reagents-All chemicals were 
reagent grade unless otherwise specified. Chlorpromazine hydro- 
chloride, prochlorperazine edisylate, 1 trimeprazine tartrate, triflu- 
operazine hydrochloride, 1 and haloperidol were used.2 All solutions 
were prepared with distilled, deionized, boiled water. A Beckman 


1 Smith Kline & French Laboratories, Philadelphia, Pa. 
McNeiI Laboratories, Fort Washington, Pa. 
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Figure I-Semilogarithmic 
plot of fraction of dose of 
salicylic acid remaining in 
rat intestinal lumen, in situ, 


U versus time. Dose = 22 
mg., half-life = 8 min., 
lumen solution p H  = 6.0. 0.1 - 


O . I I I I 1  


0 10 20 
MINUTES 


Zeromatic I1 pH meter, a Haake type FBE constant-temperature 
water bath, and a Cary model 15 spectrophotometer were utilized. 


The perfusion and drug solutions used in these studies were de- 
scribed in a previous communication (2). 


Test Animals-Male Sprague Dawley albino rats weighing 220- 
260 g. were fasted 15-20 hr. prior to use. 


Procedure-The procedure for studying drug disappearance 
from the in situ rat gut lumen and the analytical methods employed 
for these drugs have been described in previous communications 
(2, 7). 


RESULTS AND DISCUSSION 


Figure 1 illustrates the disappearance of salicylic acid (SA) from 
the in situ rat gut lumen when the pH of the lumen solution is 6.0 
(2). The figure shows that the disappearance follows first-order 
kinetics (monoexponential) for the entire experiment (three half- 
lives). In another experiment, only trace amounts of salicylic acid 
could be demonstrated in the Iumen solution when 75 mg. of drug 
was administered intravenously and drug-free buffer was placed 
in the gut lumen. These results suggest that the kinetics of oral 
salicylic acid absorption under these conditions may be described 
in terms of the following model: 


S A ~ u m e n  - SAblooci (Eq. 1) 
(-) 


that is, overall drug absorption follows apparent irreversible first- 
order kinetics. 


The disappearance of prochlorperazine (PCZ) from the in situ 
rat gut lumen (pH 6.0) is shown in Fig. 2. In this case, the disap- 
pearance follows a biexponential profile in contrast to the mono- 
exponential profile observed with salicylic acid. These results sug- 


0 
0 10 20 30 
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Figure 2-Semilogarithmic plot of fraction of dose of prochlorper- 
azine hydrochloride in rat intestinal lumen, in situ, versus time. 
Dose = 10 mg., half-life (of straight line) = 23 min., lumen soh- 
tion pH = 6.0. 
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Figure %Plot of fraction 
of salicylic acid in Phases A 
and C of a three-phase in 
vitro model for drug absorp 
tion. pH:  Phase A ,  2.0; 
Phase C, 7.4. Phase 3 con- 
sisted of cyclohexane. 


gest that the kinetics of prochlorperazine absorption may be de- 
scribed in terms of the following model: 


PCZlumen PCZmembrsne - PCZbload (Eq. 2) 
(9 


that is, rapid distribution of prochlorperazine occurs between the 
gut lumen and a compartment representing the membrane followed 
by slower, essentially irreversible, transfer of the drug from the 
membrane compartment into the blood. As with salicylic acid, when 
prochlorperazine was administered intravenously, only a negligible 
amount of drug could be detected in the gut lumen, confirming that 
at least one step in the transfer process is essentially irreversible. 
It can be assumed that the initial transfer was reversible since the 
disappearance of drug from the gut lumen was not simple first- 
order (monoexponential). 


Current concepts of passive drug absorption suggest that drugs 
pass through the absorbing membrane after first dissolving or 
partitioning into it. In the in vitro model, drug partitioning into the 
“Membrane” phase is the only way drug can transfer from Phase 
A (gut lumen) to Phase C (blood); and the membrane could be con- 
sidered a discrete compartment in any absorption model. Based on 
this premise, Eq. 2 is the explicit equation describing the absorption 
of many passively absorbed drugs. However, if accumulation of 
drug in the membrane compartment is neghgible, Eq. 1 may ade- 
quately fit the data. Since both salicylic acid and prochlorperazine 
are essentially irreversibly transferred from lumen to blood, it would 
appear that these drugs differ greatly in the degree to which they 
accumulate in the membrane. This phenomenon can be easily 
illustrated by means of data obtained in the three-phase in vitro 
model for drug absorption which have previously been described 
(1, 4). Figure 3 shows plots of the fractions of salicylic acid in 
Phases A and C of the model system when the simulated gut Phase 
A is buffered at pH 2.0 and the simulated membrane Phase B is 
cyclohexane. Figure 4 shows a semilogarithmic plot of the Phase 
A data, and the plot suggests that the disappearance of salicylic 
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Figure. GSemiIogarithmic plot of Phase A data from Fig. 3 showing 
first-order nature of drug transfer. 
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Figure 5-Semilogarithmic plot of fraction of salicylic acid in Phase 
A of a three-phase in vitro model for drug absorption. The p H  of 
Phase A = 2.0. The pH ofPhuse C = 7.4. Phase B consisted of 0.1 
n-octanol in cyclohexane. Values of the intercepts and slopes were 
determined graphically: XI = 0.27; X2 = 0.73; a = 1.08; and b 
= 0.12. The following ralues for the rate constants in the model 


(Eq. 5) were calculated using Eqs. 6-8: klz = 0.37; k21 = 0.48; and 
kza = 0.35 hr.?. 


acid from Phase A may be described in terms of an irreversible 
first-order transfer of drug between Phases A and C: 


b 
FA -* Fc 


where FA and FC are the fractions of total drug in the respective 
phases, and b is the apparent first-order rate constant describing 
the overall transfer process. A semilogarithmic plot of (Fc" - Fc) 
versus time has the same slope as the plot in Fig. 4. Consequently, 
Eq. 3 can be used to describe this system even though the equation 
ignores the existence of Phase B. This simplification is justifiable 
because FB is extremely low, therefore essentially constant, through- 
out the experiment. (The concentrations of salicylic acid in cyclo- 


Table I-Kinetic Data for the Disappearance of Drug from 
Rat Intestinal Lumen, In Situ (Lumen pH = 6.0) 


XIa XzQ a= b5 kllb k21* kz3b 


Prochlorperazine 0.47 0.53 0.20 0.030 0.11 0.065 0.055 
Chlorpromazine 0.40 0.60 0.70 0.036 0.30 0.35 0.084 
Trifluoperazine 0.41 0.59 0.28 0.026 0.13 0.12 0.056 
Trimeperazine 0.18 0.82 0.36 0.031 0.091 0.18 0.12 
Haloperidol 0.16 0.84 0.35 0.030 0.082 0.17 0.13 


0 Intercepts (XI and Xn as fraction of dose) and Slopes (a and b in 
hr.-l) were determined as illustrated in Fig. 5 from semilogarithmic 
plots of fraction of dose in the lumen versus time. * Rate constants (in 
hr.-l) were calculated by means of Eqs. 68. 
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Figure &Plots of the fractions of salicylic acid in Phases A (o), 
B (X), and C(0) for the experiment shown in Fig. 5. The points were 
obtained experimentally, and the lines were drawn by an analog 
computer programmed with Eq. 5 and the following values of the rate 
constants: klz = 0.37; k21 = 0.50; and kz, = 0.40 hr.-l. 


hexane were so low that they could not be measured experimentally.) 
Thus, FB may be considered to be at steady state; and, under 
these circumstances, b is a complex function of the rate 
constants controlling transfer of drug to and from Phase B (4). 
Because FB cannot be measured experimentally, and because the 
overall transfer is monoexponential, the individual rate constants 
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Figure ?-Plots of the fractions of prochlorperazine hydrochloride 
in the lumen, the membrane compartment, and the blood compart- 
ment of the in situ rat intestinal preparation versus time. The points 
were obtained experimentally from the lumen solution (pH = 6.0). 
Initially, these data were plotted on semilogarithmic paper and values 
of the intercepts and slopes for the biexponential equation were de- 
termined as shown in Fig. 2. Values for the rate constants (Eq. 4 )  
were then calculated using Eqs. 6-8; and these calues (kl2 = 0.11, 
kzl = 0.065, k23 = 0.055 hr.-I) were used to program an analog com- 
puter which generated the membrane compartment and blood com- 
partment curves. 
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Figure %-Plots for chlorpromazine similar to those shown in Fig. 7; 
(klz = 0.30, kzl = 0.35, k23 = 0.084hr.-l). 


cannot be determined easily. It might be concluded that when simple 
first-order disappearance of drug from the lumen is observed in the 
in situ preparation it can be presumed that membrane accumulation 
of drug is not great. Inherent in this conclusion is the assumption 
that transfer of drug from gut lumen to membrane is reversible. If 
drug transfer from gut to membrane were irreversible, disappearance 
from the gut lumen would always be monoexponential. 


Figure 5 shows a semilogarithmic plot of fraction of salicylic 
acid in Phase A of the three-phase model when Phase A is buffered 
at pH 2.0 and Phase B is 0.1 n-octanol in cyclohexane. In this 
case, disappearance of salicylic acid from Phase A follows a bi- 
exponential profile, suggesting that there is appreciable accumula- 
tion of salicylic acid in Phase B. The presence of significant amounts 
of drug in Phase B was confirmed experimentally (see Fig. 6). The 
kinetic model may be depicted as follows: 


Mathematically, FA is given by the following biexponential equa- 


Figure 9-Plots for trifluoperarine similar to those shown in Fig. 7; 
(ki2 = 0.13,kzi = 0.12, k23 = 0.056hr.-l). 


Table 11-Data Illustrating the Accuracy of the Feathering 
Technique for Determining Rate Constants from 
Curves Generated by an Analog Computer 


Analog" 0.25 1 .oo 0.20 
Featheringa 0.25 0.98 0.19 
Analog 0.25 1 .oo 0.080 
Feathering 0.23 0.87 0.065 


Analog 0.25 0.35 0.050 
Feathering 0.25 0.35 0.048 


b Values obtained by feathering the computer generated curves. 


The values of XI, X?, a, and b can be determined graphically 
from the semilogarithmic plot as shown in Fig. 5 ;  and klz, ku, 
and k23 can be calculated from these values using the following 
equations ( 5 ,  6): 


kzi = u + 6 - ki2 - k23 


The results of these calculations are summarized in the legend of 
Fig. 5.  


A distinct advantage of the three-phase model over the in situ 
gut preparation is that all phases are easily accessible for analysis. 
In cases such as the one under discussion, it is possible to confirm 
values estimated for the individual rate constants by using them to 
predict data for Phases B and C and then comparing the predicted 
data with experimental data for these phases. Such a comparison is 
shown in Fig. 6 for the salicylic acid data. In this figure, the lines 
were drawn by an analog computer programmed with Eq. 4, and 
the points are actual experimental data for the three phases. The 
values of the computer constants used to generate the lines are 
shown in the legend of Fig. 6. These values are slightly different from 
those calculated using Eqs. 6-8 (see Fig. 5 )  but the agreement is 
close and the discrepancies can be attributed to experimental error 
and to error in feathering the semilogarithmic plot (see Fig. 5).  


MINUTES 


Figure 1iLPtots for trimeperazine similar to those shown in Fig. 7; 
(kiz = 0.091, kzl = 0.18, kza = O.I2hr.-l). 
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Figure 11-Plots for haloperidol similar to those shown in Fig. 7; 
(klz = 0.082,kzl = 0.17, k23 = 0.13hr.-1). 


When the absorption of highly lipid soluble drugs such as the 
phenothiazine or butyrophenone tranquilizers was studied in the 
in siru rat gut preparation, biexponential loss of drug from the 
lumen solution was always observed. Such experiments were car- 
ried out with prochlorperazine, chlorpromazine, trifluoperazine, 
trimeperazine, and haloperidol. In each case the data were plotted 
on semilogarithmic paper, and values for XI, Xz,  a,  and b (Eq. 5) 
were determined by feathering as illustrated in Fig. 5. These values 
along with values for the three rate constants klz, kzl, and k23 (cal- 
culated by means of Eqs. 6-8) are shown in Table I. The three rate 
constants were used as input to  an analog computer programmed 
with Eq. 4, and curves for each of the three compartments were 
generated by the computer. The results for the four phenothiazines 
and haloperidol are shown in Figs. 7-11. The lines are computer 
generated curves and the points are experimental data from the gut 
lumen. These figures show that, as might be expected, there is good 
agreement between the theoretical curve and the experimental 
data for the gut lumen compartment. Also with these highly lipid 
soluble drugs, the three-compartment model predicts that the 
amount of drug in the membrane compartment reaches a maximum 
of between 20 and 40% of the dose. Thus, there is appreciable 
membranestorage of these drugs during gastrointestinal absorption. 


One might question whether analog computer simulations such as 
those described truly reflect drug behavior in the inaccessible 
phases of the model. The accuracy of these simulations depends in 
turn upon the accuracy of the rate constants calculated by means of 
Eqs. 6-8. The results of an experiment based on ideal data generated 
by an analog computer suggest that the accuracy of the rate con- 
stants depends directly upon the accuracy of the data obtained in 
the gut lumen. An analog computer programmed with the three- 
compartment model and with known values of hz, kzl, and kza 
(see Table 11) was used to generate an ideal plot of the fraction of the 
dose in the “gut lumen” compartment uersus time. Points were picked 
off the curve and plotted on semilogarithmic paper. The curve was 


feathered to obtain XI, X2, a, and b and values for kll, k21, and k23 
were calculated using Eqs. 6-8. The results in Table I1 show excel- 
lent agreement between the calculated and known values of the rate 
constants suggesting that rate constants calculated from experimental 
data in this manner and analog simulations based on these rate 
constants are as accurate, but no more accurate, than the experi- 
mental data itself. The in situ rat gut preparation yields such precise 
and reproducible data that the analog simulations in Figs. 7-1 1 
might be expected to truly represent distribution of these drugs 
among the gut lumen, absorbing membrane, and blood compart- 
ments of the experimental animals. 


SUMMARY 


The disappearance of salicylic acid and certain other drugs (2) 
from the in situ rat gut lumen was found to be monoexponential, 
whereas certain highly lipid soluble drugs exhibited biexponential 
disappearance in the same preparation. In each case, the overall 
transfer of drug from gut lumen to blood was essentially irreversible. 
Experiments with an in uitro three-phase model for drug absorption 
showed that monoexponential disappearance from the lumen can 
be expected when accumulation of the drugs in the membrane is 
negligible. Conversely, biexponential disappearance from the 
lumen can be expected when accumulation of the drugs in the 
membrane is appreciable. 


By feathering the lumen data which exhibited biexponential drug 
loss and applying standard mathematical techniques, specific rate 
constants were determined for drug transfer into and out of the 
membrane. The validity of these derived rate constants was con- 
firmed by means of an analog computer for data obtained with 
the three-phase in uifro model in which the amounts of drug in all 
three phases were determined experimentally. The validity of the 
computational method was confirmed using ideal data generated by 
an analog computer programmed with known rate constants. 


Resolution of the absorption process into its individual com- 
ponents should allow closer and more meaningful study of the 
factors influencing it. For example, fasting of animals has been 
reported to slow drug disappearance from the gut lumen (7); 
and studies are presently being conducted to determine which rate 
constants are affected by this fasting. Experiments are also being 
carried out to determine the effect of pH on the individual rate 
constants, and simultaneous sampling of serum and lumen contents 
are also being conducted to further elucidate the overall gut to blood 
transfer process. 
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Drug Abuse: Social and Psychopharmacological Aspects. Compiled 
and edited by JONATHAN 0. COLE and J. R. WITIENBORN, Charles 
C Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xiii + 170 pp. 15.5 X 23.5 cm. Price $9.50. 
This book is drawn from reports presented during the Fifth 


Annual Meeting of the American College of Neuropsychopharma- 
culogy. While there is no primary focus to the papers included, they 
are representative of current research related to the growing social 
and medical concern of drug abuse. 


One paper should be of particular interest because of the contro- 
versial nature of the topic and the scarcity of scientific research in 
this area. This study of the long-term effects of LSD administra- 
tion in volunteer graduate students suggests that the use of LSD 
under controlled circumstances with selected individuals may be 
less hazardous and have less far-reaching consequences than 
previously thought. However, other studies reported in this book 
seem to present evidence to the contrary, confirming the need for 
more extensive research into these problems. 


Data from a study of marijuana indicate that marijuana use be- 
gins as a group experience engaged in by peers, and not as the 
pusher engaging the youth. 


This book includes eleven studies concerning various aspects of 
drugs and drug abuse. While the editors admit that no answers are 
presented, they are hopeful that this volume will serve to stimulate 
research in these and related areas. 


Staff Review 


Drugs and Youth. Edited by J. R. WITTENBORN, HENRY BRILL, 
JEAN PAUL SMITH, and SARAH A. WITTENBORN. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1969. xiv + 
485 pp. 18 X 26 cm. Price $22.75. 
This book, “Drugs and Youth,” is based on the proceedings of 


the Rutgers Symposium on Drug Abuse held in June, 1968, at the 
Rutgers Interdisciplinary Research Center. The one hundred fifty 
participants in the three-day symposium were scientists, law enforce- 
ment officials, and members of the judiciary. 


The book is divided into six major sections, the first being intro- 
ductory material of a broad nature. Part I1 deals with morphine, 
heroin, and cocaine. Amphetamine-type and barbiturate tran- 
quilizer-type drugs are covered in the third section, followed by 
marijuana and LSD in Part IV. 


The concluding two sections deal with drug abuse and the law, 
and action to be taken, respectively. 


Although the book takes a broad look at the problems of drugs 
and youth with a sociological emphasis, it should be of interest to 
all persons working in the area of drug abuse. 


StaffReview 


Techniques of Medication. By ERIC W. MARTIN, STEWART F. 
ALEXANDER, WILLIAM E. HASSAN, JR., and BURTON L. SHERMAN. 
J. B. Lippincott, East Washington Square, Philadelphia, PA 
19105, 1969. vii + 239 pp. 18.3 X 26.1 cm. Price $18.00. 
This book is devoted to discussing those factors that often are not 


emphasized in the administration of a drug. In addition to the 
rational selection of a drug, factors such as route of administration 
and form of medication will often determine the usefulness of a 
medication. The authors have done well in attempting to discuss 
this comprehensive area. The book is introduced by discussing the 
trends in therapeutics and principles of medication. The second 
chapter is devoted to prescription writing and the factors that must 
be considered in a prescription. These factors would include dosage, 
directions to the patient, and legal and professional aspects. 


This is followed by sections dealing with various routes of medica- 
tion (dermatomucosal, parenteral, and gastrointestinal) and outlining 
the principles of medication that must be considered. These prin- 
ciples include topics such as dosage forms, techniques of administra- 
tions, and care of needles and syringes. The next section discusses 
nicely the handling of medication by nurses. This section is written 
in clear, easy-to-follow outline form. The book closes with a com- 


prehensive discussion of the legal aspects of medication. These 
include factors such as prescribing errors, inadequate testing, and 
sensitivity reactions. 


This book incorporates the basic concepts of a book published 
by Austin Smith in 1948 entitled “Technic of Medication.” The 
authors of this volume are to be complimented on bringing this 
important topic up to date and providing a practical manual on 
medication techniques for physicians, medical students, nurses, and 
pharmacists. All members of the health team must not only know 
their drugs but, equally important, they must known how to use 
them. 


Reviewed by J. P. Long 
Department of Pharmacology 
University of Iowa 
Iowa City, IA 52240 


Industrial Toxicology. By LAWRENCE T. FAIRHALL. Second Edition 
(Facsimile of 1957 Edition). Hafner Publishing Co., New York, 
NY 1969. xii + 376 pp. 18.3 X 26.3 cm. Price $12.00. 
A continuing demand for this standard reference work in in- 


dustrial toxicology has justified this reprinting of the 12-year 
old second edition. It is likely that part of such a demand 
is based on the desires of some to replace their much-used and 
worn-out copies. Fairhall has had a well-established and long-stand- 
ing reputation as a source of information about elements and com- 
pounds of toxicologic significance in industry. This book, though 
hardly expected to be up to date, still contains much data of current 
value and is a useful guide to some of the outstanding older litera- 
ture. 


With a compendium type of format, this volume is presented in 
two parts. Part 1 deals with inorganic substances, mostly elements 
and their salts, oxides, or compounds with hydrogen. The larger 
Part 11, entitled Carbon Compounds, deals with numerous organic 
chemicals. For each substance or compound, its chemical and 
physical characteristics, industrial uses, toxicity, and general ap- 
proach to methods of analysis are described in a concisely docu- 
mented form. There is little consideration of mechanisms of toxic 
action and no discussion of the treatment of poisoning by the 
agents described. An appendix contains tables listing urinary 
metabolites of 73 compounds, threshold limit values of numerous 
toxic gases, vapors, fumes and dusts, and the LDso’s by oral ad- 
ministration in rats of 104 organic chemicals. 


Obviously, much new knowledge concerning substances of in- 
dustrial toxicologic importance has developed since this edition was 
published in 1957, and several more recent books are available that 
contain such information. Hence, the later works must be relied 
upon as prime references in the field, with Fairhall serving a valuable 
supplementary and back-up function. An example of an area in 
arrears in this book is the timely topic of pesticides. Some of the 
well-known controversial persistent pesticides such as aldrin, di- 
eldrin, endrin, heptachlor, and heptachlor epoxide are not 
described, though threshold limit values and LDso’s for aldrin and 
dieldrin are tabulated in the appendix. 


For numerous agents described, however, little or no new in- 
formation has been produced since 1957, and for these substances 
Fairhall stands as a definitive reference. This volume is still an 
important component of any library purporting to cover toxicology 
comprehensively or industrial toxicology specifically. 


Reviewed by Julius Coon 
Jeferson Medical College 
Philadelphia, PA 19107 


The Biochemistry of Alkaloids: Molecular Biology, Biochemistry 
and Biophysics, Vol. 3. By TREVOR ROBINSON. Springer-Verlag, 
New York, NY, 1968. 149 pp. 17 X 25 cm. Price $9.75. 
1 enjoyed the opportunity of reviewing this book which was both 


readable and interesting. Although the author, in his preface, makes 
no attempt to state whether the monograph is intended primarily 
as a text or reference book, it would appear to me that its greatest 
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coefficient of variation of compressive force. However, weight varia- 
tion of Formula 3 was comparable to other experiments. 


Comparing experiments, hardness was not directly proportional 
to compressive force, indicating that these formulations require a 
somewhat different compression force for preparing tablets of an 
average hardness of 10. It is believed the variability in required 
compression force between different granulations of the same 
formula might be large enough to preclude using compressive 
force as a possible specification in this type of product. The reasons 
for shifts in required compression force have not been reported at 
this time nor their importance described. 


All formulations were satisfactory with respect to chew and 
mouthfeel characteristics, and no substantial difference could be 
found between formulations when tasted by a small taste panel. 


Moisture recovery on drying was 98-99%, and processing times 
varied from 105 min. for the lowest amount of added water to 120 
min. for the highest amount of  added water. Whether these rela- 
tively long processing times, compared with an isopropanol process, 
are acceptable depends to a large degree on the kind of product 
being made and the required rate of production. 


SUMMARY AND CONCLUSIONS 


Various data on the operation of a 1-cu. ft. VTD as related to 
general tableting technology have been reported. The results in- 
dicate that vacuum tumble drying is a satisfactory process for some 
particularly common types of tablet formulations. It was found 
that adequate mixing could be obtained and that the short process- 
ing time coupled with good yields were other advantages. Ob- 
viously the use of such equipment on a larger scale requires the 
usual considerations of loading, unloading, cleaning, etc. While 


the authors’ experience in working with the VTD on a pilot scale 
was highly satisfactory, other alternate methods are available. 
However, the convenience factor as well as other advantages listed 
earlier seems to indicate the VTD may often be the process of choice. 
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Encapsulation of Clomacran Phosphate 
{ 2-C hloro-9- [3-( dimethy lamino) propyl] acridan Phosphate 1 
I: Effect of Flowability of Powder Blends, Lot-to-Lot Variability, 
and Concentration of Active Ingredient on Weight Variation 
of Capsules Filled on an Automatic Capsule-Filling Machine 


GEORGE M. IRWIN*, GERALD J. DODSON, and LOUIS J. RAVIN 


Abstract 0 A correlation has been shown to exist between the flow 
properties of clomacran phosphate powder blends and capsule 
fill weight varistion when an automatic capsule-filling machine 
is used. A correlation of 0.96 was obtained for the capsule mixes 
tested. Weight variation of the finished capsules is also affected by 
lot-to-lot variability and concentration of clomacran phosphate. 
Granulation of the active ingredient overcomes most of the prob- 
lems normally encountered and provides finished capsules of uni- 
form weight. 


Keyphrases Clomacran P04-encapsulation 0 Weight varia- 
tion--clomacran PO4 0 Powder blends flowability, lot variability 
effects-capsule weight variation 0 Concentration effect, cloma- 
cran PO,-capsule weight variation 


Automatic capsule-filling machines are a recent addi- 
tion to the equipment available to the industrial pharma- 
cist for the encapsulation of powders. A detailed de- 
scription of the operation of one of these machines (the 


Zanasi capsule-filling machine) was reported by Stoyle 
( I ) .  He pointed out that, with a well-formulated product, 
capsules can be filled with a high degree of filling ac- 
curacy. Recently Reier et al. (2) evaluated the factors 
affecting the encapsulation of powders using a semi- 
automatic filling machine, but the literature has little 
information on the development of formulations to be 
used with an automatic capsule-filling machine. The 
purpose of this paper is to report data related to some of 
the problems encountered during the development of a 
capsule mix containing clomacran phosphate for use 
with the Zanasi capsule-filling machine. 


In these studies, an attempt has been made to corre- 
late the flowability of powder mixes, as measured with 
the flowometer described by Gold et al. (3), with the 
weight variation of capsules observed during encapsula- 
tion with the Zanasi. In addition, the way in which lot- 
to-lot variability, the concentration of clomacran 
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Table I-Percent Composition of Powder Blends Used in Flowability Studies 


Ingredients 1 2 3 4 5 6 7 


Clomacran phosphate, SK&F - 22.0 22.0 22.0 22.0 22.0 22.0 


Dicalcium phosphate - - 72.0 - - 


Lactose, spray-dried 96.0 12.0 - 36.0 - 


Free-flowing starch - - 36.0 13.0 72.0 - 


Magnesium stearate USP 3.0 4.0 4 .0  4 . 0  4 . 0  4.0 4 . 0  
1 .o 1 .o 1 . O  1 .0  1 .o Fumed silica - 


Sodium lauryl sulfate USP 1 .o 1 .o 1 . 0  1 .o 1 .o 1 .o 1 . O  


- 72.0 - - - - .- Lactose USP 
~ - 


- - 
~ 


- 


Table 11-Percent Composition of Powder Blends Used in 
Effect of Lot-to-Lot Variability Studies 


Ingredients 8, 9, 10 


Clomacran phosphate, SK&Fa 
Lactose, spray-dried 
Magnesium stearate USP 


42.0 
55.0 
3.0 


a Chemical Lots A, B, and C were used in Formulas 8, 9, and 10, 
respectively. 


Table 111-Percent Composition of Powder Blends Used in 
Effect of Concentration Studies 


Ingredients 11 12 13 


Clomacran phosphate, SK&F 17.5 35.0 70.0 
Lactose, spray-dried 79.5 62.0 21.0 
Magnesium stearate USP 3.0 3 .0  3 .0  


phosphate in the powder mixes, and different strength 
granulations affected the weight variation of the capsules 
were also evaluated. 


EXPERIMENTAL 


Materials-Clomacran phosphate, SK& F; lactose USP; 
magnesium stearate USP; sodium lauryl sulfate USP; free-flowing 
starch'; lactose, spray-driedz; terra alba, English3; calcium phos- 
phate, dibasic4; poly~inylpyrrolidone~; fumed silica.6 


Apparatus-Zanasi automatic capsule-filling machine was used.? 
The recording powder flowometer described by Gold et al. (3) was 
used throughout thesestudies for the flowability measurements. Since 
the apparatus was designed to measure flow rates of granulated 
materials, it was necessary to use a Vibrolator* to facilitate the flow 
of the powder blends from the hopper. 


Preparation of Powder Blends-Six powder blends containing a 
constant concentration of drug, lubricant, and excipient were pre- 
pared; different excipients were used in each formula. A formula- 
tion without active ingredient was also prepared. The formulas for 
the various powder blends are listed in Table I. 


Each powder blend was prepared in the same manner prior to 
flow-rate measurements. Several additional powder blends were 
prepared in order to determine the effect of lot-to-lot variability and 
concentration of the active ingredient on the weight variation of 
finished capsules. The formulas for these blends are listed in Tables 
I1 and 111. Flow-rate measurements were not obtained for powder 
blends listed in Tables I1 and 111. 


~ ~ ~~ ~ 


Dry-Flo Starch, National Starch and Chemical Corp., New York, 


Foremost Foods Company, Industrial Div., San Francisco, Calif, 
Whittaker, Clark and Daniels, Inc., New York, N. Y .  


4 Kind & Knox Gelatin Co., Camden, N. J. 
6Plasdone C, GAF Corp., Industrial Products Div., New York, 


N. Y .  


N. Y .  
Cab-0-Sil, Cabot Corp., Boston, Mass. 
Model LZ 164, United Shoe Machinery Corp., Boston, Mass. 
Model UCV-6, Martin Engineering Co., Neponset, Ill. 


Clomacran phosphate granulations were prepared with different 
lots of chemical at several concentrations of active ingredient to 
determine what effect granulating would have on the weight varia- 
tion of finished capsules. The formulas for the granulations are 
listed in Table IV. 


Flow-Rate Measurements-Flow rates expressed in g./sec. were 
determined with the flowometer for the seven powder blends. Each 
value represents an average of four determinations. Samples were 
run on 2 different days to minimize variations due to ambient 
conditions. 


Preparation of Capsules-The powder blends evaluated for their 
flow properties were filled into No. 4 capsules. Any necessary ad- 
justments were made for the first formulation and kept constant 
throughout the study. 


Twenty groups of 10 capsules each were collected from each of the 
seven formulations encapsulated. These capsules were in turn di- 
vided into groups of five according to the dosator from which they 
had been obtained. All capsules were weighed on a torsion balance 
to establish the control weight during the filling operation, and one 
of the five capsules from each group was randomly selected and 
weighed on an analytical balance. Accurate weights were obtained 
for 20 capsules from each dosator for the seven powder blends. 


Similar procedures were employed during the encapsulation of the 
formulations prepared to  evaluate the effect of lot-to-lot variability 
and concentration of active ingredient. The granulation was treated 
in a similar manner. Nos. 1 ,  3, and 4 capsules were used to encap- 
sulate the lW-, 50-, and 25-mg. strengths, respectively. 


RESULTS AND DISCUSSION 


Rate of Flow Measurements-Stoyle (1) has outlined the essential 
characteristics for powder blends which are to be encapsulated with 
the Zanasi capsule-filling machine. During the authors' preliminary 
investigation it was observed that whenever capsules prepared from 
a particular powder blend had a high coefficient of weight varia- 
tion, a cavity was left in the powder bed in the hopper which was not 
completely refilled after the dosator removed the charge. This 
observation prompted these flow-rate measurement studies. The 
flow-rate measurements served as a screen to select a combination of 
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Figure 1-Flowometer recorditzg.for several powder blends. 
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Table IV-Percent Composition of Clomacran Phosphate Granulations 


0' 1.0 


3- 


al 
\ 
M 


2 0.5 
U 
0 
W c 
,x a 


Ingredients 14 15 16 17 18 19 


- 


. 


- - - Clomacran phosphate, SK&F (Lot C) 22.0 37.0 36.0 
Clomacran phosphate, SK&F (Lot D) - - - 19.0 32.0 36.0 
Terra alba, English 54.0 39.0 40.0 53.0 45.0 40.0 
Sucrose USP 11.0 11.0 11.0 16.0 12.0 11.0 
Starch USP 8 . 0  8 . 0  8 . 0  7 .0  7.0 8.0 
Polyvinylpyrrolidone 4.0 4.0 4.0 4 .0  3 .0  3.0 
Magnesium stearate USP 1 .0 1 .0  1 .o 1 .0  1 .o 2.0 


Table V-Rate of Flow Measurements for Various 
Powder Blends 


Blend Rate of Flow, g./sec. 


1 4.08 
2 1.01 
3 0.95 
4 0.75 
5 0.58 
6 0.52 
7 Did not flow 


ingredients having the best flow properties. Flow-rate data obtained 
for seven capsule blends are shown in Table V. 


It is evident from these data that the flow-rate varies with the 
different blends. Figure 1 illustrates the relative order of flow rate for 
three of the powder blends evaluated. The actual rates were de- 
termined by dividing the total weight flowing through the hopper by 
the total elapsed time. 


Capsule Weight Variation-The weight variation for the seven 
capsule blends was calculated as a percent of capsule fill, since the 
density of the mixes differed, depending upon the excipients used 
in each case. For the lot of empty capsules used to encapsulate 
the powder blends, the mean and standard deviation were deter- 
mined to be 37.1 and 1.3 mg., respectively. Utilizing these values and 
the standard deviation for the finished capsules, it was possible to 
calculate the standard deviation for the capsule fill alone. The values 
for the mean and standard deviation and the coefficient of variation 
for the seven powder blends are listed in Table VI. 


Figure 2 illustrates a plot of rate of flow versus coefficient of varia- 
tion for five blends.9 A linear response was obtained and a correla- 
tion coefficient of 0.96 was calculated which indicates a good fit of 
the data. It is evident from this correlation that the flowability of the 
powder blends is related to the weight variation of the clomacran 
phosphate capsules filled on the Zanasi capsule-filling machine. 


On the basis of flowability and weight variability data, powder 
blend No. 2 appeared to have the essential characteristics for en- 
capsulation using the Zanasi. Subsequent powder blends containing 
varying concentrations of ingredients similar to those of powder 
blend No. 2 were evaluated on the basis of coefficient of weight 
variation of finished capsules. Since a correlation of 0.96 had been 
obtained between flowability and coefficient of variation for several 
capsule blends, it was felt that weight variation of finished capsules 
could be used to evaluate future powder blends. A coefficient of 
weight variation of 3% was arbitrarily set as a maximum. Any 
formulation that exceeded this limit was considered unsatisfactory. 


Effect of Different Lots of Clomacran Phosphate Chemica- 
Table VII illustrates what effect various lots of clomacran phosphate 
chemical had on the capsule weight variation of finished capsules. 
A variation was noted when different lots of chemical were used, and 
further examination of the chemical indicated a difference in 
particle size. Figure 3 shows photomicrographs of several lots of 
clomacran phosphate chemical. The data suggest that a difference 
in particle size is responsible in part for the observed weight varia- 
tion. The chemical of larger particle size shows less variation. 
Formula No. 10 prepared with chemical Lot C had a coefficient of 
weight variation outside the 3 % limit. 


Effect of Concentration of Clomacran Phosphate-The data in 
Table VIII indicate that the concentration of clomacran phosphate 


Data for powder blends Nos. 1 and 7 were not included in this 
figure. Blend No. 1 had no active ingredient and Blend No. 7 did not 
flow. 


Table Vi-Capsule Weight Variation Data for Seven 
Clomacran Phosphate Blends 


Blends R, mg. u, mg. cv 
175 
168 
164 
136 
114 
1 20 
169 


1 .8  
2.8 
3.9 
5.0 
4.5 
5.4 
8 . 3  


1 . 0  
1.7 
2.4 
3.7 
3.9 
4.3 
4.9 


Table VII-Capsule Weight Variation for Powder Blends 
Containing Different Lots of Clomacran Phosphate Chemical 


Lot of 
Formula Chemical 2, mg. 6, mg. cv 


II A 28 1 1.6 0 .6  
9 


10 


~~ 


B 
C 


~~ ~ 


229 4.9 2.1 
219 7.3 3.3 


Table VIII-Capsule Weight Variation for Powder Blends 
Containing Different Concentrations of Clomacran Phosphate 


Dosage 
Strength, 


Formula mg. 2, mg. U ,  mg. cv 
11 25 258 3.9 1.5 
12 50 235 10.8 4.6 
13 1 0 0  153 12.4 8 .1  


in the powder blend has an effect on the weight variation of finished 
capsules. The greater the concentration of active ingredient in the 
blend, the greater the weight variation. The differences in fill weight 
are due to the change in density of the capsule blends as the con- 
centration of active ingredient is increased. The formulas for these 
blends are listed in Table 111. A coefficient of variation greater 
than 3 % was observed for Formulas No. 12 and No. 13 ; therefore 
they were considered unsatisfactory for encapsulation. 


Effect of Granulating Clomacran Phosphate-When granulations 
of different strengths of clomacran phosphate were prepared using 
different lots of chemical as shown in Table IV and the resulting 


0 I I I I 


0 1.0 2.0 3.0 4.0 
COEFFICIENT OF VARIATION 


Figure 2-A plot of rate of flow versus coeficient of auriufioti for 
Jive powder blends. 
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Figure 3-Photomicrographs for  seueral lots of clomacrari phosphate chemical. Each scale division is equilialent to 6 I.(, 


Table 1X-Capsule Weight Variation for Clomacran 
Phosphate Granulations 


Dosage 
Strength, 


Formula mg. K, mg. u, mg. cv 
14 25 I87 2 .4  1 . 3  
15 50 228 2 .0  0 . 9  
16 100 443 3.8 0 . 9  
17 25 213 2 . 0  1 . O  
18 50 263 2.8 1 . 1  
19 100 452 4.0 0 . 9  


powder was filled into capsules, there was no appreciable difference 
in the weight variation of the finished capsules. These data are 
shown in Table IX. 


The granulation process essentially eliminated the effect of lot-to- 
lot variability and concentration of the active ingredient. In every 
instance the granulated formulas showed a coefficient of variation of 
less than 1.5 z, regardless of the lot of chemical or the concentration 
of active ingredient in the powder blend. 


SUMMARY 


I .  The flowometer is a useful device for evaluating the flow prop- 
erties of powder blends intended for encapsulation with an auto- 
matic capsule-filling machine. 


2. A correlation of 0.96 was obtained between the rate of flow for 
five powder blends prepared for encapsulation and the coefficient of 
variation of the finished capsule fill weight. 


3. Capsule weight variation was affected when different lots of 
clomacran phosphate were used. The particle size of the chemical 
contributed in part to the weight variation of the finished capsule. 


4. The concentration of active ingredient in the capsule mix 
affected the weight variation. When formulating capsule blends of 
different strengths for encapsulation with an automatic capsule-fil- 
ing machine, it may be necessary to  reformulate to  maintain satis- 
factory weight control. 


5. The use of a granulated powder overcomes most of the prob- 
lems normally encountered and provides finished capsules of uni- 
form weight. 
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Plasmalogens are a naturally occurring group of 
aldehydogenic phosphoglycerolipids widely distributed 
in plants, animals, and microorganisms but detected in 
highest concentration in the heart, skeletal muscle, and 
the myelin of the brain and nerve. Low concentrations 
of nonphosphatide or “neutral plasmalogens” have also 
been detected in mammalian tissue as well as in the 
tissues of different fish. A number of reviews are avail- 
able on the biochemistry (1-5) and the chemistry and 
analyses (6-8) of plasmalogens and other ether-linked 
lipids, and the general reactivity of 0-alk- 1 -enyl group- 
ings in organic compounds has just recently been 
summarized (8). 


The presence of plasmalogens in tissues was first 
noted in 1924 by Feulgen and Rossenbeck (9) in their 
histochemical studies on the cell nucleus with fuchsin- 
sulfurous acid. This dye was found to produce a violet 
stain on both the nuclear and cytoplasmic portions 
of the cell after mild acid hydrolysis. Because these 
workers were able to extract the violet color with lipid 
solvents, they believed that the positive reaction pro- 
duced in the cytoplasm was due to the presence of 
lipids rather than sugar aldehydes. Further, when the 
staining compound was subjected to treatment with 
acids or mercuric chloride, it liberated a long-chain 
fatty aldehyde. The cytoplasmic staining was referred to 
as the plasmal reaction. Feulgen and Voit (10) coined 
the name “plasmalogen” for the lipoid precursor cotii- 
pound and “plasmal” for the product liberated. The 
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plasmals appeared to be a mixture of hexadecanal and 
octadecanal, although other aldehydes might have 
been present. To demonstrate the presence of plasmals 
during histochemical studies on tissues, the tissues had 
to be hydrolyzed in the presence of either HCl or 
mercuric chloride. Without hydrolysis, Feulgen found 
that Schiffs test for aldehydes with sulfurous acid 
and fuchsin dye gave a slow positive reaction with the 
cytoplasmic lipid-like precursor. 


In 1939, Feulgen and Bersin (1 1) were able to isolate 
a pure aldehydogenic phospholipid from horse muscle 
after vigorous alkaline hydrolysis of the ester phos- 
phatides. Apparently, the aliphatic aldehyde formed a 
cyclic acetal bond with the glycerol skeleton, and the 
phosphorus and nitrogen base (ethanolamine) was 
attached by ester bonding to  the third hydroxyl group 
in glycerol. This crystalline ethanolamine plasmalogen 
(I) was designated “acetal phospholipide.” In 1951, 


H,C-0, I ,CH-R 


I 
HC-0 


R = long-chain alkyl group 


Thannhauser et al. (12) published a series of papers on 
the isolation of a crystalline ethanolamine plasmalogen 
from brain tissue. They used a more prolonged but 
more gentle alkaline hydrolysis than Feulgen and Bersin 
(1 1) had described earlier. The catalytic hydrolysis of 
their acetal phospholipid was carried out with mercuric 
chloride with the formation of long-chain fatty al- 
dehydes (hexadecanal and octadecanal) and glyceryl- 
phosphorylethanolamine. By periodate titration they 
demonstrated that the glycerylphosphorylethanolamine 
derived from the brain acetal phospholipid belonged to 
the L-CY structure. 


The acetal structure served as a prototype for this 
class of lipids in  earlier years, but its chemical structure 
was questioned and several alternatives were proposed. 
Doubt was cast on the correctness of Structure I when 
it failed to explain the great differences in the reaction 
rates between synthetically prepared glyceryl acetals 
and lipid extracts with fuchsin-sulfurous acid. Anchel 
and Waelsch in 1944 (13) observed that at low tempera- 
tures their lipid extracts gave a full color development 
while the synthetic acetals failed to produce a color; 
this observation suggested that the aldehyde linkage in 
the native compound may be more labile than that 
represented by Structure I. The observations of Schmidt 
et al. (14) also suggested that the native plasmalogens 
probably contained an alkali-labile residue, because 
upon hydrolysis of crude brain lipid extracts by the 
fuchsin-sulfurous acid reagent, no acid-soluble phos- 
phate (glycerylphosphorylethanolamine) was obtained 
as one would expect from Structure I. However, prior 
treatment of the crude brain lipid extract with base 
and then subsequent acid hydrolysis did result in the 
correct amount of acid-soluble glycerylphosphoryl- 
ethanolamine. On the basis of these experiments, they 
assumed that the lipid acetals were derived from other 


lipid groups during analyses. I t  was suggested that 
plasmalogens normally obtained may be artifacts and 
that rupture of the alkali-labile linkages by which the 
original compound is bound to other lipid groups occurs 
during the isolation procedure. Assuming that the 
native plasmalogens were represented by Structure I, 
Baer and Stancer (15) proposed Structure I1 to explain 
the observations of Schmidt et al. (14). 


HOC-0-CH 
I I 


0 P P  II 
H2C- CH-CH24PD-CH,CHLNH2 


I 
OH 


I1 
The removal of a fatty acid by alkali from Structure I1 


should yield the hemiacetal structure that then could 
undergo ring closure to form the cyclic acetal (I), and 
consequently only after pretreatment with alkali would 
Structure I be expected to give rise to glycerylphos- 
phorylethanolamine when subjected to  mild acid hy- 
drolysis. 


Further studies have provided strong evidence that 
the aldehydogenic residue in the native plasmalogens 
is an alk-1-enyl ether that is not altered by mild alkaline 
hydrolysis. In 1954, Rapport et al. (16) fractionated 
“acetal” phosphatides from bovine muscle by chroma- 
tographic separation on silicic acid. Upon analysis, they 
showed the presence of two fatty chains per atom of 
phosphorus, one of which was a fatty acid and the other 
a fatty aldehyde. Klenk and Debuch (17) found that 
catalytic reduction of the ethanolamine-plasmalogen led 
to a complete disappearance of an aldehydic reaction. 
Subsequent treatment of the reduced compound with 
base resulted in the isolation of a mixture of 0-hexadecyl 
and 0-octadecyl analogs of phosphatidic acid (111). 


H2C-OCHzCH2(CH2)13CH3 
I 


ROCO-CH 0 
I II 


HzC-OPOH 
I 
OH 


(a) Hexadecyl analog of 
phosphatidic acid 


HzC- OCHzCHz(CHJl,CH3 
I 
I I1 


I 


ROCO-CH 0 


HzC-OPOH 


OH 
(b) Octadecyl analog of 


phosphatidic acid 
III 


Klenk and Debuch (17) did not investigate the linkage 
between the aldehyde and glycerol moieties, but they 
did propose three possible formulas (I, IV, and V) for 
the plasmalogens. Rapport et al. (18) firmly established 
the 0-alk-I-enyI linkage in plasmalogens (IV). 
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OH 
a 8  I 


(a’) 1 H?C-OCH=CHR1 H2C;-OCHR1 
I 


RZOCO-CH 0 
I 


(8 )  2 R,OCO-CH 0 
I II 


H2C- OPOB 
I II 


(a) 3 H&-OPOB 
I I 
OH OH 


Iv V 
B = choline,ethanolamine,serine 


CHEMISTRY 


Proof of the Alk-1-enyl Structure-It is now known 
that the naturally occurring plasmalogens occur as 
glycerol derivatives of phosphorylcholine, phosphoryl- 
ethanolamine, or phosphorylserine containing a fatty 
acid residue and an alk-1-enyl linkage (IV). The terms 
saturated or unsaturated (194 have been used to refer 
to the presence or absence of an alk-1-enyl group ad- 
jacent to the 0-ether linkage of the hydrocarbon chain 
attached to the 1-position of glycerol (1). The a,P-un- 
saturated glyceryl ethers (enol ethers and vinyl ethers)are 
alk-I-enyl glyceryl ethers, which are the structural com- 
ponents of plasmalogens; in  the earlier literature, the 
alk-I-enyl types are often referred to as plasmalogens. 
“Phosphatidal” has been proposed to differentiate 
alk- 1-enyl phosphoglycerides from the “phosphatidyl” 
diacyl analogs (19b). 


The first definitive clue to the a,p-unsaturation of the 
aldehydogenic linkage in plasmalogens was provided 
by Rapport et ul. (18) from their studies on lysophos- 
phatidal ethanolamine. Alkaline hydrolysis of the 
ethanolamine-plasmalogen fraction in bovine muscle 
was used to form the “lyso” compound. The “lyso” 
derivative exhibited a loss of aldehyde reaction upon 
hydrogenation, generated one molecule of a long-chain 
fatty aldehyde, and contained an alk-I-enyl ether group 
adjacent to the oxygen. Further evidence confirming the 
structural analogy between a,P-unsaturated ethers and 
plasmalogens was obtained by Rapport and Franzl 
(20) on their lyso compound in 1957 by using a modifica- 
tion reported in 1948 by Siggia and Edsberg (21) for the 
quantitative determination of alk-I-enyl ethers. This 
method is based on the addition of iodine to alk-1-enyl 
ether bonds and it is specific for the &,@unsaturated 
ethers in the presence of ordinary olefinic unsaturation, 
alcohols, aldehydes, acetals, or acetylene. An iodo 
acetal forms during the reaction between niethanolic 
iodine and alk-I-enyl ethers. Other workers (22, 23) 
have confirmed the specificity of this iodometric pro- 
cedure. The iodometric reaction was utilized by Rapport 
and Lerner (24) in conjunction with the procedure of 


1, T rCHJ 
R,-CH=CH--0-R, RI-CH-CH-O-R2 


Wittenberg et al. (25) based on the formation of a 
p-nitrophenyl hydrazine to measure the plasmalogen 
content of several normal and neoplastic tissues. Fur- 
ther proof of the alk-l-enyl ether linkage was supplied 
by Blietz (26), who studied the effect of acid hydrolysis 
on tissue plasmalogens synthesized in the presence of 
tritium-labeled water; these experiments demonstrated 


that the original hemiacetal structure could be formed 
by the hydrolysis procedure itself (26). Furthermore, 
tritium-labeled aldehydes were isolated as the semi- 
carbazone (26), which is not in accord with the pro- 
posed hemiacetal structure (V) but does support Struc- 
ture IV. 


Position of the Aldehydogenic Residue-The alde- 
hydogenic chain in Structure IV is depicted in the 
a-position. The other possibility would be for the un- 
saturated ether chain to be attached to the P-position of 
the glycerol moiety. Opinions among the early investiga- 
tors varied considerably with reference to the position 
of the aldehydogenic chain on the glycerol moiety. 
Initial studies determining the correct position of the 
aldehydogenic chain were carried out by Marinetti 
et al. (27, 28)  on pig heart lipids. After catalytic reduc- 
tion and alkali hydrolysis of total pig heart phospha- 
tides, batyl alcohol (VI) (0-alkylglycerol) was isolated 
and indicated that the potential aldehyde group in the 
pig heart plasmalogens had to be attached to the a-car- 
bon of glycerol. Debuch (29, 30) presented further 


H,C-OCH,CH,(CHJ,,CH, 
I 
I 


HOCH 


HZCOH 
VI 


chemical evidence confirming that the aldehydogenic 
chain is attached to the a-position in the glycerol moiety. 
This evidence was based on results of hydrogenation 
studies on brain ethanolamine plasmalogens. The 
mixture of batyl (VI) and chimyl alcohol (VII), isolated, 
provided further evidence that the chemical structure of 
the plasmalogen was a 1-(alk-1-enyl) ether of a 2-acyl- 
3-glyceryl phosphate (IV). 


H,C-OCH,CH,(C€I,), ,CH 
I 
I 


HOCH 


HZCOH 
VII 


A number of workers (31, 32) have studied the varia- 
tions in the aldehydogenic chain by means of gas- 
liquid chromatography (GLC). A number of branched 
and unsaturated compounds were isolated in addition 
to normal CI2-CI8 hydrocarbons. The aldehydogenic 
chain in Structure IV consists predominantly of 16 :0, 
18:0, and 18:l alk-1-enyl chains; the fatty acids are 
almost completely unsaturated and the alk-I-enyl ether 
linkage possesses the cis configuration (29, 33-36). 
Norton et al. (39,  working with pure choline plas- 
malogen from beef heart, and Warner and Lands (36), 
working with pig heart lecithin, obtained IR spectra 
that clearly indicated the configuration of the 
-OCH=CH- grouping in natural plasmalogens to be 
wholly cis. Enzymatic treatment of phosphorylcholine 
with phospholipase C and hydrolysis of the acyl groups 
with base resulted in alk-I-enyl glyceryl ether (VIII). 
There was no absorption in the 930 cm.-’ region, which 
is characteristic of substituted alk- I-enyl ethers possess- 
ing a trans configuration (37, 38), but the IR spectrum 
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H,C-OCH=CHR 
I 
I 


HOCH 


H,COH 


VIII 


showed a maximum a t  738 cm.-' that is characteristic 
of the cis configuration. Hydrogenation caused com- 
plete loss of absorption and resulted in the isolation of 
an 0-alkylglycerol. Cymerman-Craig et al. (39), by 
means of optical rotatory dispersion, determined the 
absolute stereochemical configuration of cis-1-(alkenyl- 
l-enyloxy)-2,3-diacetate obtained from pig heart plas- 
malogen. The natural plasmalogen had the same con- 
figuration as natural chimyl (VII) and batyl alcohols 
(VI). These data supported the earlier experiments of 
Thannhauser et al. (12) which had established the ~ - a -  
structure for plasmalogens by the isolation of ~ - a -  
glycerylphosphorylethanolamine from their lyso com- 
pound. 


Chemical Properties-Little information is available 
on the chemistry of long-chain a$-unsaturated ethers, 
but the -OCH=CH- moiety occurs in other organic 
compounds on which there are more data available 
(8). The juxtaposition of the -OCH=CH- moiety 
relative to the polar glyceryl residue would probably 
create some chemical differences between the alk-1-enyl 
linkage as found in  plasmalogens and other ethers. 
Alk-1-enyl ethers are more reactive than other olefinic 
compounds; they are known to undergo a number of 
addition reactions as is illustrated in Scheme I. Few 
of these reactions have been investigated with the native 
plasmalogens (2). It is known that plasmalogens are 
stable in an alkaline or neutral medium but very quickly 
decompose in the presence of trace amounts of acid to 
form long-chain fatty aldehydes and glycerol derivatives. 


The double bond of alk-1-enyl ethers may add halo- 
gens, acids of halogens, halides, organic acids (40), 
alcohols, phenols, and naphthols, and thus gives 
rise to simple or mixed acetals (41). The addition of 
alcohols and carboxylic acids is catalyzed by anhydrous 
acids, such as hydrogen halides, and also by boron 
fluoride (42, 43). Catalytic amounts of basic compounds 
cause hydrogen sulfide and mercaptans to add to alk- 
1-enyl ethers; the addition of water produces a hemi- 
acetal intermediate that forms the aldehyde. An alk-l- 
enyl transetherification, catalyzed by mercuric sulfate 
and reported to occur at  a temperature range between 
-70 and -10" (44), illustrates the reactivity of this 
ether linkage. The addition of iodine to alk-1-enyl 
ethers produces violent polymerization reactions as do 
heat and UV light (45). However, methanolic iodine 
produces a product that has been identified as unsym- 
metrical methylacetal(21) and which has been used as a 
sensitive and specific method for estimating plasmalo- 
gens and other alk-1-enyl ethers ( 2 ,  22). Alk-1-enyl 
ethers also have a characteristic absorption band in the 
IR a t  8.3 ,u (1200 cm.-') which does not appear in native 
plasmalogens (3, 46). The characteristic absorption 
band in the infrared of naturally occurring a,p-un- 
saturated ethers appears at 6.0 ,u (1650 c n r ' ) .  The 
plasmalogens with their a,p-unsaturation behave in a 
manner similar to other alk-1-enyl ethers with reference 


""I  -H,C-CH 


CH,-CH Polymerization 


C,H,OR 


C H , t 0  + ROH 


C-R' 


0 
I1 


CH,-CHOR NH3 


NHL I -p 
'c1 


H q + J L C H ,  " \ CH,-CH PH 
'OR 


011 
I 


CHCH(OR)CH,NHj CHjCH-CN CH,CH(OR)COOH 


Scheme I 
Reactivity of the 0-Alk-I-enyl Linkage it1 


Organic Compounds (also see Reference 8). 


to their alkaline stability, hydrolysis with acids and 
mercuric ions, reaction with fuchsin-sulfurous acid, 
addition of hydrogen and methanolic iodine, ozonolysis, 
and reactions with aldehyde reagents (2,3,20). 


Related Plasmalogen Structures-Klenk and Bohn 
(47) and Anseli and Norman (48) have described the 
isolation and characterization of alk-1-enyl serine 
phosphatides (IX) in brain tissue. The existence of an 
alk-1-enyl inositol phosphatide (X) has also been 
demonstrated (49). Marinetti et al. (28) have obtained 
evidence for the presence of small amounts of diether 
phosphatides in beef heart, and Marinetti has described 
reactions involving mild alkaline and acidic hydrolysis 
(50) of Structures XI, XII, and XIII. 


As has been pointed out in this review, the cyclic 
acetal phospholipid (I) isolated by Feulgen and Bersin 
(11) and Thannhauser et al. (12) from the alkaline 
hydrolysis of muscle and brain phospholipids is con- 
sidered an artifact formed by acid hydrolysis of ethanol- 
amine lysoplasmalogen ; subsequent studies have proved 
that the cyclic compounds are mainly cis-1-(alk-1- 
enyl)-2-acylglycerylphosphoryl nitrogenous bases. Fur- 
ther evidence that the cyclic acetal is an artifact of isola- 
tion has been presented by Davenport and Dawson 
(51, 52), who studied the formation of cyclic acetals 
during the acid hydrolysis of lysoplasmalogens. Evidence 
was presented to indicate that the mild acid hydrolysis 
of alk- 1-enyl ethers of glycerylphosphorylethanolamine, 
obtained from alkali treatment of natural plasmalogen, 
will cause cyclization. The IR spectra were identical 
with those of a synthetic 2-aminoethyl-2,3-0-hexa- 
decylidene- 1-glycerophosphate. Mercuric ions prevented 
this cyclization and liberated the fatty aldehyde. Pie- 
truszko and Gray (53) reported similar results. Pian- 
tadosi ef  al. (54) synthesized alk-I-enyl glycerols and 
studied their conversion to the corresponding cyclic 
glycerol acetals. The conditions necessary for their 
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H2C-OCH=CHR, 
I 
I It hOCO-CH 


H,C-OPO-CH,FHCOOH 
I I 
OH NH, 
IX 


'H H$-OCH=CHR 
0 
II R,OCO - +H 0 


I 


0 
H 


X 


H,C-OCH=CHR1 
I 


$CH=CHO--CH 
I II + 


H,C-OPO-CH,CH,N(CHJ 3 


I 
0- 


XI 


H,C-OCH,CH,R, 
I 


R,CH= CHO - CH 
I II f 


H,C-OPO-CH,CH,N(CH,), 
I 
0- 


x I1 
H2$-OCH2CH2R, 


0- 
XI11 


cyc1iz:ttion were studied and no cleavage of the alk-l- 
enyl linkage was observed. The compounds isolated 
from the cyclization reaction were identical to the syn- 
thetic cyclic glycerol acetals prepared by a different 
route. 


Landowne and Bergmann (55) reported the isolation 
of a choline plasmalogen (XIV) (1,2-alkylidine glyceryl- 
3-phosphorylcholine) from the total lipids of the sea 
anemone, Anthopleura elegantissirnu. Identification of 
this compound was based on IR data and on the isola- 
tion of a long-chain fatty aldehyde on acid hydrolysis. 
The chemical synthesis of this type of compound (XIV) 
( R  = C15, i.e., 1,2-@hexadecylidene glyceryl-3-phos- 
phorylcholine) has been reported (56). Cyclic acetals 
of the ethanolamine type (I) have also been established 
by synthesis (57-59a). Recently, Frosolono et aZ. (59b) 
reported a convenient method for the preparation of 


H 2 p c H R  
/ 


HC-0 0 
I II + 


H&-OPO-CH2CH,N(CH3j, 
I 
0- 


XIV 


crystalline lysophosphatidd choline (XV) in good yields 
from beef heart lecithin. The plasmalogen was physically 


H2C- OCH= CHR 
I 


H O ~ H  o 


I 
I II + 


HZC -0PO - CHZCH2N (CHJ, 


0- 
xv 


characterized and its chemical properties were compared 
with other a,P-unsaturated ethers of glycerol. Their 
(59b) evidence indicated that the choline plasmalogens 
(XIV) isolated from sea anemones were in reality Struc- 
ture XV, and not a cyclic acetal of glycerol as originally 
proposed (55). All the evidence available indicates that 
the cyclic acetal structures probably do not make any 
significant contribution to the alk-1-enyl glyceryl ethers. 


Neutral plasmalogens of nonphosphatide aldehy- 
dogenic lipids (XVI) have also been reported (60-62) 
and have been characterized as alk-I-enyl diacyl glyc- 
erols; this subject has been reviewed (5). Bergelson 
(63) has also presented an extensive review of neutral 
diol lipids and related compounds. 


I 
&OCO-CH 


I 
H,&-OCOR, 


XVI 


Chemical Synthesis-The synthesis of a cis-I-(alk-I- 
enyl) 2-acyl-3-glycerylphosphate constitutes a chemical 
problem beset with considerable practical difficulties. 
In 1961, Piantadosi and Hirsch (64, 65) began the first 
studies toward the chemical synthesis of plasmalogen. 
The initial step involved the synthesis of a-bromo cyciic 
acetal of glycerol, i.e., 2-( l-bromodecyl)-4-hydroxy- 
methyl-l,3-dioxolane (XVII) and its subsequent reac- 
tion with sodium (R = C6-Cll). The method used in 


H,C-0 


HC-0 


H,C-OH 
Br I 


XVII 


preparing XVII was a transacetalation reaction (66) 
between glycerol and various 2-bromo-1, I-dimethoxy- 
alkanes derived from long-chain aldehydes. The first 
step in the transacetalation reaction is acid-catalyzed 
and pictured as proceeding through a carbonium ion 
mechanism leading to the formation of the mixed acetal. 
The second step is characterized by a slow, temperature- 
dependent inductometric effect that leads to ring closure 
(67). The dehalogenation of XVII was accomplished 
with sodium in ether (68, 69) and produced alk-I-enyl 
ethers with trans configuration. The alk- I-enyl ethers 
were hydrogenated to yield the corresponding saturated 
ethers. Diol plasmalogens(XVIII andXIX) were prepared 
in an analogous manner; acylation furnished the neutral- 
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type plasmalogens (64). This synthesis resulted in iso- 
meric products that were about 92% pure, but it was 
often necessary to fractionate very carefully. 


H,C-OCH=CH R 


XVIII XIX 


Using a modification of the same reactions, Cyrner- 
man-Craig et al. (70) reported that the debromination 
of XVII by lithium in dimethoxyethane formed a mixture 
of four isomers. They later reported a synthesis that 
yielded solely the 1-(alk-1-enyl) glycerol (71, 72). To 
avoid the formation of the 2-alk- 1-enyl glycerol, 2-ben- 
zyloxyglycerol was used in the transacetalation reaction 
with 2-bromo-l, l-dimethoxyhexadecane. Finally, cata- 
lytic debenzylation and debromination afforded a mix- 
ture of (+) cis and trans 3-(n-hexadec-l-enyloxy)-1,2- 
propanediols, whose diacetates could be separated by 
preparative GLC. 


Cunningham and Gigg (73) used heptanal di(glycero1- 
1,2-carbonate) acetal (XX) as starting material for the 
synthesis of cis and trans isomers of f 1-(hept-1-enyl) 
glycerol (XXI), which was obtained by thermal de- 
composition of XX followed by alkali hydrolysis (n 
= 4). The acetal (XX) when treated with acetyl chloride 


I 
HOCH 


I 
H&-OH 


J? XXI 1 
xx 


was readily converted into a chloro ether, i.e., l-chloro- 
heptyl-glycerol-2,3-carbonate, which underwent de- 
halogenation by the action of triethylamine to yield 
1 -(hept-1 -enyl) glycerol-2,3-carbonate; alkaline hydroly- 
sis formed XXI. The base-catalyzed rearrangement of 
allyl ethers (74, 75) used earlier by Cunningham et al. 
(76) to prepare 1-(prop-1-enyl) glycerol did not occur 
with allyl ethers containing a long hydrocarbon chain. 


Berezovskaya et al. (77, 78) proposed an interesting 
route leading to the formation of alk-1-enyl ethers of 
glycerol by the corresponding acetylenic intermediates. 
These workers reported the synthesis of 1 -(alk-1-eny1)- 
2,3-isopropylideneglycerol (XXII) (n = 3, 11) by reac- 
tion of the sodium derivative of 1,2-isopropylidene- 
glycerol with bromo alk-1 -ynes. Partial reduction of 
XXII in the presence of Lindar catalyst yielded the 
cis-1 -(alk-l-enyl)-2,3-isopropylideneglycerol (XXIII) ; 
however, doubts have been expressed (79) on the 
validity of this reaction sequence. The results of studies 


I 
HC-0 CHI 


HIC-O CH, 
XXII XXIII 


using the same method (77, 78) led Chacko et al. (79) 
to suggest that the final product in condensation to form 
XXII was predominantly an allenic ether rather than 
the expected acetylenic ether. Oswald et al. (go), using 
the same conditions (77), were unable to obtain the re- 
ported alk-1-enyl glyceryl ether. Russian workers 
(8 1-83) have further described the synthesis of various 
derivatives of racemic 1-(alk-1-enyl) glycerols by the 
elimination of a tosyloxy group from XXIV by potas- 
sium tert-butoxide (where n = 11,13). Compound XXIV 
was prepared by reacting 1,2-epoxyhexadecane with 


OTs 
1 
I 


H2C-OCH&H(CH2),CH, I H,C-OCH=(CH,),CH, I 
I 


YH (CHJ3SiO- 
I 


HOCH 
I 


H,k -0Si(CH3), H,&OH 
XXIV XXI 


isopropylidene to  form 1-(2-hydroxyalkyl)-isopropyli- 
dene(82). This alcohol was treated withp-toluenesulfonyl 
chloride to give the tosylate. The original ketal group 
in the isopropylidene was hydrolyzed and subsequently 
replaced with trimethylsilyl groups. Finally, dehydro- 
tosylation with potassium tert-butoxide produced a mix- 
ture of cis and trans isomers of 1-(alk-1-enyl) glycerol 
(XX1) which was acylated with various long-chain acid 
chlorides to give a “neutral plasmalogen,” 1-(alk-1-enyl) 
2,3-diacylglycerol (XXV). The authors did not indicate 
the presence of any alk-2-enyl ethers, as one might ex- 
pect. However, under the reaction conditions, the 
alk-2-enyl ether would decompose, whereas the alk-l- 
enyl ether would not (73, 85) be affected. 


XXV 


A similar procedure (82) was investigated for the 
synthesis of octadecyl alk-1-enyl glyceryl ethers, but re- 
sults indicated that the desired compound was present 
in small amounts only (80). A slightly less polar im- 
purity, the major product of the reaction, was difficult 
to  eliminate. Analysis of the fractions obtained after 
resolution of the total aldehydogenic material on 
silicic acid columns revealed that 15% of the alk-1-enyl 
glyceryl ether was present. Other modifications of the 
dehydrotosylation route have been used to improve the 
preparation of XXV (85). The application of the 
transacetalation reaction (66, 67) has been explored and 
proposed as a possible route to neutral plasmalogens 
(86-88). The method proposed is based on pyrolytic 
cleavage of di(a,P-diglyceryl) acetals of long-chain 
fatty aldehydes, i.e., reactions of diethylacetal of 
stearaldehyde with the appropriate a,P-diglycerides 
to form di(a,P-diglyceryl) acetal of stearaldehyde 
(XXVI) (88). Since an acid is used in the reaction, the 
possibility of migration of acyl groups in the starting 
a,P-diglycerates exists, as well as formation of other 
isomeric products. 
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m0210o 
- xxv 


L 
XXVI 


A similar method describes the pyrolysis of di- 
(glycerol-1,2-carbonate) acetal of heptaldehyde (73) as a 
route to 1-(alk-1-enyl) ethers of glycerol, but this reac- 
tion produces a mixture of cis and trans isomers. The 
elimination of alcohol from 1 -(l-ethoxyalky1)-2,3- 
diacylglycerol (XXVII) to form plasmalogens and XXV 
(87) has also been proposed by other workers (84). 


0 C2H5 I 
H,C-OCHCH,R - xxv I 


RfoCo-T 
H2C4CoR” R = R‘ = R ’  = C,,H,, and 


XXVII R’=R”=C,,H, 


Recently, Slotboom et al. (89) have described partial 
chemical synthesis of racemic trans-1-(hexadec-1-enyl- 
oxy)-2-oleoyl glycerol-3-phosphorylcholine (XXVIII). 
The synthesis of XXVIlI required 1 -( 1 -ethoxyhexa- 


H,C--OCH=CHC,,H,, 
I 


0- 
XXVIII 


decyl)-2,3-dipalmitoyl glycerol (XXVII) as the inter- 
mediate; this was prepared by a modification of the 
method of Zvonkova et al. (87), using ethyl-1-hexadecyl 
ether and racemic 1,2-dipalmitoyl glycerol. Ethanol was 
eliminated from XXVII by heating it to 180” in the 
presence of sulfanilic acids in uacuo; this produced 
Compound XXV, i.e., racemic trans-1 -(hexadec-1-eny1)- 
2,3-dipalmitoyl glycerol. This compound was subjected 
to hydrolysis under alkaline conditions (90) and then 
reacylated with oleoyl chloride to yield racemic trans-I - 
(hexadec-1 -enyl)-2,3-dioleoyl glycerol (XXV) (where 
R = C15H31 and R’ = R ”  = C17H33). Conversion of 
Structure XXVII to the monoacyl analog (XXIX) was 
accomplished enzymatically with pancreatic lipase, 


H,C--OCH=CHC,,H,S 
I 
I 


CIiH3,0CO-CH 


H2C-H 
XXIX 


which shows specificity for hydrolyzing fatty acyl bonds 
attached to the primary hydroxyl groups of glycerol. 
The method of Hirt and Berchtold (91) was used for the 
synthesis of Structure XXVlII from XXIX. 


Recently, Gigg and Gigg(92), in an extension of their 
earlier work on plasmalogens (73), described a chloro- 


ether route for the synthesis of racemic and optically 
active alk-I-enyl glyceryl ethers (neutral plasmalogens) 
in which the cis isomer was the major product. Their 
use of the pyrolysis method (73) had given a pre- 
ponderance of the trans isomer. Finally, the cis and 
trans isomers in the form of their diacetates and 
dipalmitates were separated by thin-layer chromatog- 
raphy (TLC) on silica gel layers containing silver 
nitrate. Other workers have also used the dehydrohalo- 
genation reaction to prepare alk-1-enyl ethers of glycerol 


As shown inscheme 11, Gigg andGigg(92)used a trans- 
acetalation reaction between octadecanal dimethyl acetal 
[A] and ~-(glycerol-l,2-carbonate) [B]. The lengthy se- 
quence required for the synthesis of [B] by degradation 
(97) has recently been simplified by using a stereoselective 
route (98). The initial reaction between [A] and [B] pro- 
duced octadecanal di-D-(glycerol- 1,2-carbonate) acetal 
[C], which was then treated with acetyl chloride to give 
the chloroether, 3-( 1 -chlorooctadecyl)- glycerol- 1,2- 
carbonate (XXX). The dehydrohalogenation reaction 
with triethylamine produced a mixture of cis-trans 
isomers of 3-(octadec-l-enyl)-~-glycerol-l,2-carbonate 
(XXXI); the cis isomer was the major product. Alkaline 
hydrolysis of Structure XXXI gave a mixture of cis- 
trans isomers of 1 -(octadec-1 -enyl)-L-glycerol (XXXII) 
that was converted to the diacyl analog by means of pal- 
mitoyl chloride and acetic anhydride. The earlier 
pyrolysis method for preparing the alk-1-enyl ethers 
(84) produced mainly the trans isomer, and the prepara- 
tion of Slotboom et al. (89) contained only the trans 
isomer. At the present time, the most promising route 
for the synthesis of possible phosphorylated and other 
derivatives of the naturally occurring cis alk-1 -enyl 
glyceryl ethers seems to  be the method described by 
Gigg and Gigg (92). The reaction sequences are illus- 
trated in Scheme 11. 


(93-96). 


METABOLISM 


Occurrence-The occurrence of ether bonds in bio- 
logical compounds is limited in comparison to that 
of the acetal linkage of sugars, amides of proteins, 
and acyl groupings of lipids. In nature, ether linkages 
are found in guaiacol, vanillin, methyl phenyl ethers, 
enolpyruvylskikimate-5-P, muramic acid, thyroxine, 
diphenyl ethers, and lipids. Lipids are known to 
contain alkyl and alk-1-enyl hydrocarbon moieties 
in ether linkage with glycerol or glycol. In general, the 
more prevalent ether-linked lipids are the alk-1 -enyl 
phospholipids (plasmalogens), but phosphorus-free 
lipids that contain 0-alk-I-enyl bonds have also been 
reported. The ether-linked lipids are found in most liv- 
ing cells, although most commonly in those of animal 
origin. 


In mammals, the highest concentrations of O-alk-l- 
enyl lipids are found in brain and heart tissues, and 
plasmalogens appear to be an important constituent of 
biomembranes. The reader is referred to earlier reviews 
(1,2, 5) on the occurrence of plasmalogens, but for con- 
venience a summary of known biological sources of 
ether-linked lipids is provided in Table 1. The table is 
not meant to be all inclusive but should serve to  
demonstrate the widespread distribution of lipids with 
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XXXI 
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HOCH 
I 


H,C-OH 


XXXII 
H,C- OCH=CH(CH,), ,CHJ 


I 
ROCO--CH 


I 
H,C-OCOR” 


XXXIII 
Scheme I I  


ether bonds in living cells. Although the close structural 
and metabolic relationships of the alkyl and alk-I-enyl 
ether bonds of lipids cannot be ignored (5 ) ,  the dis- 
cussion of their biochemistry in this paper will empha- 
size only the glycerolipids that contain 0-alk-1 -enyl 
bonds. 


Methods of Detection-Methodology currently avail- 
able for analyses of alk-1-enyl and alkyl ether-linked 
lipids has recently been reviewed (6, 7, 99). In general, 
plasmalogens are easily analyzed if the acyl, phos- 
phorus, or phosphorylbase moieties are removed. 
Alkaline hydrolysis (100-102), enzymatic (103), or 
LiAlH, reduction (104-106) of these groups has been 
successfully used for this purpose. The 0-alk-1 -enyl 
glycerols formed can be measured quantitatively by 
photodensitometry or colorimetric reactions. During 
thin-layer chromatography, the 0-alk-1 -enyl glycerols 
migrate ahead of the 0-alkylglycerols on silica gel G 
layers in solvent systems such as diethyl ether-water 
(100:0.5, v/v) or chloroform-methanol (98 : 2, v/v). 
This R,  behavior is probably explained by differences 
in the configuration of the alkyl and alk-1-enyl link- 


H H  
H,C-OC=CR, 


LiAIH, 0 - 
I 


I 


H,C-0- 


OH I I 


Other LiAlH, Products 
H,C -OC=CR 


+ or 
I 


HO(I‘II 
I 


H,C-OH Other KOH Products I RCOOK + P-choline 


ages, since the latter has a cis bond in the a,P-position 
(1 06). 


Renkonen (107) has successfully isolated intact 
plasmalogens from the corresponding diacyl-, alkyl-, or 
acyl-ethanolamine lipids by TLC after masking the 
polar base groups as their methylated dinitrophenyl 
derivatives. However, the resolution of these intact 
derivatives requires multiple solvent developments. 
The advantage of this technique is that it permits 
labeling of all functional groupings in the intact sub- 
classes of P-ethanolamine lipids and P-choline lipids 
to be followed in tracer experiments. 


The nature of the 0-alk-I-enyl side chains is best de- 
termined by GLC after releasing the long-chain fatty 
aldehydes by acid treatment (108) or by forming the 
dimethylacetals (109). Gas-liquid chromatography of 
long-chain fatty aldehydes and their derivatives has re- 
cently been reviewed by Gray (110). The fatty alde- 
hydes can also be converted to fatty alcohols by LiA1H4 
reduction (109) or to acids by oxidation (109). The 
acetate derivatives of the alcohols and the methyl 
esters of the fatty acids are then analyzed by GLC to 
determine the lengths of the carbon chains and their de- 
gree of unsaturation. Oxidation of aldehydes to  acids 
is only practical with saturated aldehydes, since degrada- 
tion of unsaturated aldehydes occurs (109). 


The variety of techniques used by biological in- 
vestigators to investigate the quantities and nature of 
plasmalogens might account for some of the dis- 
crepancies that appear in the literature. Furthermore, 
it is likely that the vulnerability of the 0-alk-1-enyl 
linkage to  oxidative and acidic alterations would further 
complicate the meaning of some of the quantitative 
findings that have been published. Nevertheless, the 
chemical nature of plasmalogens and their distribution 
in various lipid classes have been well established by 
numerous independent investigators. 


Nature of Plasmalogens in Biological Materials- 
The 0-alk-1-enyl linkage is found almost entirely in phos- 
pholipids, mostly associated with the ethanolamine- 
containing phosphatides (Table I). In contrast, the 
0-alkyl bonds tend to  be associated with the choline- 
containing phosphatides which have only small quanti- 
ties of the 0-alk-1-enyl linkages (99). However, in re- 
cent years, trace quantities of 0-alk-1-enyl glycero- 
lipids have been detected in  the neutral lipid fractions of 
cells (Table I), primarily as 2,3-diacyl-l-O-alk-l-enyl 
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H H  
Glycerol + RCHO H,C-OC=CCH,R 


I 


‘OCH, 


glycerols; such compounds are often referred to as 
“neutral plasmalogens.” The location of the 0-alk-l- 
enyl linkage in the I-position glycerolipids and its cis 
configuration have been firmly established (27-30, 36, 


The 0-alk-1 -enyl moieties in all glycerolipid classes 
are primarily 16:0, 18:0, and 18: l  carbon chains (5). 
Although significant differences in the quantitative 
distribution of these predominant 0-alk-1 -enyl chains 
exist, they clearly resemble the 0-alkyl moieties of 
various lipid classes. The similarities of 0-alk-1-enyl 
and 0-alkyl moieties in glycerolipids suggest that 
interconversions might occur. However, no enzymes 
have yet been found that can catalyze these interconver- 
sions. 


Biological Effects, Properties, and Function of Plas- 
malogens-Glycerolipids containing alkyl ether bonds 
have been thought to possess many biologically 
active properties, such as stimulation of growth, neuro- 
genic activity, and hemopoiesis or inhibition of hemoly- 
sis. Bacteriostatic properties have also been associated 
with the ether-linked lipids. Furthermore, they have 
been proclaimed as therapeutic agents for radiopro- 
tection, wound healing, and bracken poisoning in cattle. 
These biological effects of alkyl glyceryl ethers have 
been thoroughly reviewed recently (5). Although many 
of these studies have been questioned, primarily be- 
cause of the purity of the preparations or poor statistical 
comparisons, the fact remains that the listing of bene- 
ficial activities associated with 0-alkyl lipids is over- 
whelming. 


In contrast, no reports have dealt with similar type 
experiments carried out with plasmalogens. I t  is, per- 
haps, important to stress that the 0-alk-1-enyl group- 
ing in glycerolipids imparts a lower surface potential 
than that of the corresponding acyl analog (1 15). This 
is borne out in a biological system by the significant 
decrease in the hemolytic activity of lysophosphatidyl- 
ethanolamine when alk-1-enyl (or alkyl) chains are 
substituted for an acyl chain (1 16). 


The function of plasmalogens in living cells is not 
yet known. Their occurrence in biomembranes [or- 
ganelles (117) and plasma membranes (118, 119)] and 
especially their high content in nervous tissue (120), 
suggest that their role is an important one in the struc- 
ture and function of membranes. The orientation of 
protein and lipids in biomembranes could probably be a 
consequence of the ratio of ether- and ester-linked lipids 
in such residues; this proposition has been made on 
the basis of experimental data (117, 118). Further 
speculation on the function of plasmalogens is difficult 
since their biosynthetic pathway still remains to be 
elucidated. 


39, 11 1-1 14). 


Possible Biochemical Mechanisms for the Biosyn- 
thesis of Plasmalogens-Recent experimental work has 
finally provided an enzymatic system that can syn- 
thesize ether-linked glycerolipids (121a-1211). However, 
only the alkyl linkage is formed readily in this microsomal 
system isolated from a number of cells. So far, the 
biosynthesis of 0-alk-I-enyl bonds is unknown. In 
this section, a number of possible mechanisms for the 
biosynthesis of plasmalogens is summarized; some 
of these have been discussed previously (3, 5, 122-128). 


A .  Reduction of Acyl Groups to 0-Alk-1-enylGroups- 


0 
--C-O-C--CH,CH,R I II 


I 
H2 


I 
-c- --f 


I 
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I 
OH H I H H  


--C-O--C=C-R 
I 
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-C-0-C-C-R 
- -H,O - -7- -L- 
I 


I 


The reductive step would presumably require a hy- 
drogen donor, such as NADH, NADPH, or FADH. 


B. Reaction of a Fatty Aldehyde with a Primary 
Hydroxyl Group of a Derivative of Glycerol- 


I 
I 


-C-OH 


-C- + RCHO - 
I 


-C- 


The glycerol precursor could be one of many glycolytic 
products, such as dihydroxyacetone-P or even a 
hexose-P that later could be split into a 3-carbon unit. 


C. Direct Formation of an Alk-I-enyl Linkage by  a 
Transfer Reaction- 


I 


1 


‘-C-OH 


4- + RC=CX - I H H  


-c- 
H H  -C-O-C=C-R I 


I 
-C- + HX 


-C- 
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Table I-The Biological Occurrence of Plasmalogens in 
Phospholipids and Neutral Lipids 


0-Alk-1-enyl 0-Alk-I-enyl 
Biological Phospholipids Neutral Lipids 


Source References" Referencesa 


Mammals 
Normal tissues 25,106,200 61, 62,106,200,204,205 
Neoolastic tissues 25.140.200 149.200 


Fishes' 139, 201 63,139,201 
Invertebrates 61,202 61 
Bacteria 149,203 149 
Insects 206 


a Not a complete listing of references available. 


D. Reaction of an Alkane-l,2-diol with Glyceralde- 
hyde-3-P- 
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E. Reaction of an a-Hydroxy Fatty Acid and a 
Primary Hydroxyl Group of a Derivative of Glycerol- 
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I 
This reaction would require an esterification and a re- 
duction step before the final splitting out of hydrogen 
peroxide. 


F. Conversion of an 0-Alky l  Linkage to an O-Alk-1- 
enyl Linkage- 


I H H  


-H2 I 
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I I 


-C-O-C=C-R 
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-C-O-CH,CH,R 
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- -c- 
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A hydrogen acceptor such as NAD, NADP, or FAD 
would be an essential cofactor. 


Substituted groups such as -NH2, -0CH3, or 
-OCH2CH3 on the a- or @-carbons of the alkyl chain 
of glyceryl ethers could also produce alk-1-enyl ethers 
by splitting out ammonia, methanol, or ethanol, re- 
spectively. 


G. Hydroxylation of an 0-Alky l  Lipid- 
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- C-o-CH,CH,R 


-C- I I1 ydroxylase 
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__f -c- 


H .  Involvement of Cofactors-It is presumed that 
the reaction of functional groups listed in the preceding 
section would probably be facilitated through CoA 
or analogous intermediates, since the biosynthesis of 
the alkyl glyceryl ethers (121a) and acyl-substituted 
lipids (129) have an absolute requirement of coenzyme 
A, ATP, and Mgff. Possible complexes that can be en- 
visioned for such cofactors are shown below. All are 
hypothetical, since such complexes have never been 
isolated from biological materials. 
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OH I 
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Experimental Studies on the Biosynthesis of Plasmal- 
ogens-The reader is referred to an extensive review of 
this subject recently published (5). 


A .  Formation of the 0-Alk-1-enyl Linkage-Cell-free 
systems that can form 0-alk-1-enyl linkages in lipids 
have still not been isolated. Therefore, all data on the 
biosynthesis of these compounds available at  the present 
time are largely circumstantial. In vivo studies have 
demonstrated that fatty acids (13O-144), fatty alcohols 
(136, 140, 145-147a and b), fatty aldehydes (130-132, 
148-150), and acetate (132, 134, 137, 138, 149, 151-155) 
can be incorporated into the alk-1 -enyl moiety of glyceryl 
ethers. Experiments with doubly labeled fatty moieties 
have demonstrated that fatty aldehydes (132, 150) are 
much better precursors of the alk-1-enyl ethers than 
fatty acids. Some of the data obtained with fatty alde- 
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hydes have suggested that they are first oxidized and 
then incorporated into acyl linkages and that then the 
ester linkage is reduced (148). Nevertheless, experiments 
with the doubly labeled aldehydes strongly indicate 
that they are incorporated into the 0-alk-1-enyl linkage 
directly instead of uia the acyl-reductive mechanism. 


Data indicating that alkyl glyceryl ethers can be 
desaturated in the cx,P-position of the alkyl chain to 
form alk-1-enyl glyceryl ethers in the terrestrial slug, 
Arion ater, have been obtained by Thompson (141-143, 
156a). Although the early evidence (141-143) for this 
conversion was based solely on the time course of 
specific activities, recent experiments with 1 - 14C- 
hexadecyl-2- 3H-glyceryl ether (1 56b) have demonstrated 
that the ratio of 3H/14C in plasmalogens is identical to 
that of the alkyl glyceryl ether precursor. Experiments 
with the doubly labeled alkyl glyceryl ethers in Ehrlich 
ascites cells (156b) agree with the results obtained in 
slugs. Others (146, 147a, 157) have arrived at the same 
conclusion as Thompson (1 56a) by measuring specific 
activities of acyl, alkyl, and alk-1-enyl moieties in 
tracer experiments with glyceryl ether precursors. Some 
experiments in mammals (158-160) have not confirmed 
Thompson's thesis on the direct incorporation of 
'*C-labeled alkyl glyceryl ethers into plasmalogens; 
radioactivity has been found in the alk-1-enyl chains 
of brain lipids (160), but this was attributed to the 
products of ether cleavage. Interconversions between 
neutral lipid and phospholipid classes that contain ether 
bonds have not been investigated; ideas about possible 
relationships have been based on structural studies of 
lipid classes (161). 


B. Phosphorylbase and Acyl Transferase Reactions 
Involving Alk-1-enyl Lipids as Substrates-Kiyasu and 
Kennedy (162) found that a particulate fraction of rat 
liver could catalyze the transfer of cytidine diphosphate 
choline or cytidine diphosphate ethanolamine to  1-0- 
alk-1 -enyl-2-acyl-glycerols. The formation of the choline 
and ethanolamine plasmalogens by this reaction in- 
dicated that the transferases involved cannot dis- 
tinguish between acyl and alk-1-enyl substituents on 
the substrates. Others have confirmed this reaction in 
homogenates (163-165) or particulate fractions (166) 
of brain and in a particulate fraction from ox heart 
(1 67). However, the importance of these cytidine- 
catalyzed reactions, at least in the brain, has been ques- 
tioned by in uivo experiments with *Gethanolamine 
(1 57)  that involved the subsequent tracing of acyl, 
alkyl, and alk-1-enyl groupings in the various phospho- 
lipid classes at various times after their administration. 
Experiments with 32P have also revealed considerable 
differences in the labeling of alk-1-enyl-acyl and diacyl 
phosphatides (130, 164, 168-172). 


The acylation of alkyl glyceryl ethers occurs in viuo 
(158, 173-177) and in vitro (178-181). Cell-free systems 
isolated from numerous tissues have been shown to 
acylate 1-0-alkyl glycerols only in the 3-position (181). 
Presumably, acylation of the 2-position on the 1-isomer 
of alkyl glyceryl ethers requires the phosphorylated alkyl 
glyceryl ether as a substrate. Limited information on 
acylation reactions is available for the O-aik-l-enyl- 
linked lipids. Although rat liver microsomes (1 82) were 
unable to utilize 1-U-alk-1-enyl glycero-3-phosphoryl- 


choline as a substrate for acyl-CoA-phospholipid 
transferase, this acylation reaction did occur in erythro- 
cytes from humans and in sarcoplasmic reticulum from 
rabbits (1 83). Endogenous phospholipids have been 
shown to be important factors in the reactivation of 
alk-1-enyl-GPC hydrolase (184). 


Experimental Studies on the Enzymatic Degrada- 
tion of Plasmalogens-A. Enzymatic Cleauage of 
the 0-Alk-1-enyl Linkage-Enzymes from liver (185) 
and brain (186) have been described that can catalyze 
the cleavage of the 0-alk-1-enyl bond in plasmalogens. 
The liver enzyme, located in microsomes, can only 
utilize 1 -0-alk- 1 -enyl glycerylphosphorylcholine as a 
substrate. The enzyme is specific for the lysocholine 
compound and no other cofactors are required. 


H H  
HIC-OC=CR 


0- 
HLC-OH 


I 


The enzyme isolated from acetone powders of brain 
yields products similar to those found with the liver 
preparation, but it preferentially hydrolyzes the O-alk-l- 
enyl bond of 1 -0-alk-1-enyl-2-acyl-glycerylphosphoryl- 
ethanolamine, and Mg++ was required as a cofactor. 
The enzyme was also capable of cleaving the ether 
linkage of the lyso derivative, but the cleavage did not 
equal that obtained with the native plasmalogen 
substrate. 


H H  
H&- OC=CR 


I 
I brain ROCO-CH 0 P 


(acetone powder) I II 
I 


H,C-OPO-CH,CH,NH, 


OH 
H,C-OH 


ROCO-CH 0 + RCHO 
I 
I II 


I 
H,C-OPO-CH,CH,NH, 


OH 


Other nonspecific reactions involving the enzymatic 
cleavage of the 0-alk-1 -enyl moieties of plasmalogens 
have been documented (1 87-190), but cleavage reactions 
of this type have not been reported for 0-alk-1-enyl 
bonds found in neutral lipids. Considerable efforts have 
centered on the enzymatic cleavage of 0-alkyl bonds in 
neutral lipids (191, 192). Enzymes for the cleavage of 
0-alkylglycerols have been found in rat liver that re- 
quire tetrahydropteridine and NADPH as cofactors; 
the initial products formed during this cleavage are 
fatty aldehydes and glycerol. Similar systems have been 
found in other cells (192). 
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Highly PurifiedPancreatic Lipase 
Ex 3.1.1.3 


Highly PurifiedPancreatic Lipase 
Ex 3.1.1.3 


-C-0-P-0-base 
I t  OH z 


Phospholipase C Phospholipase D a r  EC 3.1.4. 4 EC 3.1.4. 3. 


B. Removal of Acyl and Phosphorylbase Moieties 
from Plasmalogens by Phospholipases-Phospholipases 
are defined as A, B, C, or D, depending on the enzymatic 
specificity for the groups attached to  the three positions 
of glycerol in phosphatides (103,193). None of the lipase 
or phospholipase enzymes attacks ether bonds in lipids. 
Phospholipase A catalyzes the hydrolysis of fatty acids 
from the 2-position of phospholipids, whereas phospho- 
lipase B is thought to catalyze the hydrolysis of fatty 
acids from positions 1 and 2 or only position 1. Phos- 
pholipase B activity is the least understood since it is 
unknown whether its dual specificity is due merely to  
contamination with phospholipase A. Phospholipase 
C catalyzes the hydrolysis of the entire phosphorylbase 
moiety and phospholipase D catalyzes the hydrolysis 
of the base (choline or ethanolamine) portion only. I t  
has also been shown that electrophoretically purified 
pancreatic lipase will catalyze the hydrolysis of acyl 
moieties in the 1-position of glycerophosphatides (194). 


All of the phospholipases are capable of utilizing 
0-alk-1 -enyl phosphatides as substrates under certain 
conditions, but generally the reaction rates are some- 
what slower than with the diacyl analogs. Marinetti 
et al. (195) found that phospholipase A required several 
days to remove the acyl moiety from alk-l-enyl-acyl- 
choline phosphatides in yields equivalent to  those ob- 
tained with phosphatidyl choline. The sluggishness of 
this reaction was successfully applied to the purification 
of native plasmalogens (removal of contaminating phos- 
phatidyl choline) by Gottfried and Rapport (33). How- 
ever, the source of the enzyme is thought to  be important, 
since Hartree and Mann (196) found essentially the 
opposite results in similar studies of phosphatides 
isolated from the sperm of rams. Phospholipase C from 
Clostridium welchii has also been found to  hydrolyze 
0-alk-1 -enyl-acyl-choline phosphatides more slowly 
than the diacyl analog (197); 0-alk-1-enyl ethanol- 
amine phosphatides are also hydrolyzed by phospho- 
lipase C obtained from Bacillus cereus (198). In con- 
trast, phospholipase D isolated from cabbage was un- 
able to  hydrolyze the choline moiety from the O-alk-l- 
enyl-acyl-choline phosphatides (182). Investigations of 
Iipases that catalyze the removal of acyl groups in 
neutral lipid classes containing 0-alk-1-enyl linkages 
has recently been reported by Slotboom (199). 


CONCLUSIONS 


Even after 40-odd years of research, the biosynthesis 
and function of the alk-1-enyl linkage in plasmalogens 


remain obscure although the structures, chemistry, and 
occurrence of plasmalogens in living cells are now 
firmly established. The striking similarities of chain 
lengths and degree of unsaturation between 0-alkyl 
and 0-alk-1 -enyl moieties in glycerolipids suggest a 
close metabolic relationship and that they might per- 
haps originate from identical precursors. The require- 
ments for the biosynthesis of alkyl ether bonds are 
known, and a clear understanding of the mechanism of 
this new pathway could elucidate fresh approaches t o  
solving the riddle of plasmalogen biosynthesis. The 
biosynthetic problem is mirrored by the poor yields of 
plasmalogens synthesized in the organic laboratory. 
Certainly, the presence of 0-alk-1-enyl bonds in bio- 
membranes hints at their significance in the structural 
orientation of the lipid and protein in these structures. It 
is hoped that this review will serve to acquaint other 
chemists with both the past and present scope of re- 
search involving the 0-alk-1-enyl linkages of plas- 
malogens. 
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Effect of Certain Additives on the Photochemistry of Riboflavin 


CHUNG TECK SHIN*, B. J. SCIARRONE, and C. A. DISCHER 


Abstract 0 The quantum efficiency of riboflavin under aerobic 
conditions was determined by using a microirradiation method. 
It was found that the initial quantum efficiency was constant and 
independent of intensity of light, wavelength of light, and con- 
centrations employed. The quantum efficiency of riboflavin in the 
presence of phenols and other compounds was also determined. 
Only in the presence of phenols was the quantum eficiency de- 
creased yielding a linear relationship between the Hammett’s 
sigma values and the rate of photodecomposition. Benzyl alcohol 
and benzoic acid were found to be relatively ineffective as photo- 
chemical stabilizers compared to phenols. Cinnamyl alcohol, as a n  
electron donor, enhanced the photodecomposition of riboflavin. 
It appears, from the compounds tested, that the hydroxyl group 
should be either attached to  the benzene ring or be in conjugation 
with the benzene ring in order to be an  effective photochemical 
stabilizer. The effects of temperature and pH on the system were 
also determined. Kinetic studies were made to elucidate the reac- 
tion mechanism. 
Keyphrases Riboflavin, photochemistry-additives, temperature, 
pH effects Microirradiation-riboflavin, quantum efficiency 0 
Kinetic studies-riboflavin degradation 0 Quantum riboflavin, 
efficiency-equations derived 0 Spectrophotometry-analysis 


The photosensitivity of riboflavin was first observed in 
1932 by Warburg and Christian (1). Since then its photo- 
chemistry has been the subject of extensive investigation, 
and can be followed by recent reviews (2,3). Although the 
fact that riboflavin will undergo photoreduction in the 
absence of an electron donor has been generally ac- 
cepted, there have been conflicting views concerning the 


actual mechanism of the reaction. However, the pres- 
ently accepted theory for the photodecomposition of 
riboflavin proposes that the reaction proceeds from the 
lowest triplet state of the flavin and involves intramolec- 
ular hydrogen-transfer from the ribityl sidechain with 
the subsequent formation of lumichrome and/or lumi- 
flavin depending on basicity of the solution (4-6). The 
photolysis of riboflavin and several other flavins in acid 
or neutral solution is subject to general acid and base 
catalysis (6).  


The formation of molecular complexes between ribo- 
flavin and various compounds has also been observed 
(7-1 1). Particularly, studies of the charge-transfer com- 
plexes between riboflavin and phenol derivatives have 
received considerable attention, because interactions of 
donor-acceptor type may be quite common in biological 
systems (12). Thus, an understanding of the correlation 
of these properties with the photochemical behavior of 
riboflavin might provide an insight into some of the en- 
ergy transfer and storage mechanisms of living or- 
ganisms. 


Stabilization of riboflavin to light in the presence of 
additives is pharmaceutically important, since certain 
additives were observed to have considerable influence on 
the light stability of the system (13-22). Despite this im- 
portance, very few photochemical kinetic studies have 
been published for riboflavin in the presence of complex- 
ing agents. Therefore, the present study was undertaken 
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Effect of Molecular Interaction on Permeation of Organic 
Molecules Through Dimethyl Polysiloxane Membrane 


MASAHIRO NAKANO* and NAGIN K. PATEL? 


Abstract 0 In order to investigate the nature of permeation of 
organic molecules through a nonpolar membrane in the presence 
of other molecular species, some model studies have been made 
with p-nitrophenol as an ionizable diffusate and N,N-dialkylamides 
and alkylxanthines as complexing agents. Effect of diethylpro- 
pionamide on permeation of salicylic acid was also examined. 
8-Methoxycaffeine and caffeine were used as model compounds for 
nonionizable molecules and permeability constants were deter- 
mined with and without complexing agents. The permeability of a 
diffus'ate increased in the presence of complexing agents which 
interact strongly with the diffusate in nonpolar environments, 
whileit decreased in the case of the agents which complex with the 
diffusate mainlv in aaueous solution. 


Keyphrases 0 Molecules, organic4imethyl polysiloxane mem- 
brane permeation 0 Membrane permeation, organic molecules- 
molecular interaction effect Ionizable diffusates-complexing 
agents-membrane permeation 0 Colorimetric analysis-spectro- 
photometer 0 UV spectrophotometry-analysis 0 GLC-anal- 
ysis 


Extensive studies by Garrett and Chemburkar on 
diffusion of drug molecules through a silicone rubber 
membrane (1-3) have contributed much to  knowledge 
on drug diffusion through a polymeric membrane. 
Because of the nonpolar nature of silicone rubber mate- 
rials (4), a dimethyl polysiloxane membrane would be 
useful for investigation of effects of molecular interac- 
tion on drug permeation through a membrane. The 
first objective of the present investigation was to ex- 
amine the nature of permeation of molecules through 
a nonpolar membrane in the presence of some other 
molecular species. This would provide additional in- 
formation concerning the effect of complex formation 
on drug absorption which has been studied by Levy 
and his associates (5, 6) .  


The second objective was to explore some possibili- 
ties of controlling rate of permeation of organic mole- 
cules through a membrane by physicochemical means. 
In view of possible application of silicone rubber ma- 
terials to  some dosage forms (7, g), it would be worth- 
while to examine how the rate of permeation of mole- 
cules through a membrane can be modified. 


EXPERIMENTAL 


Materials-Dimethyl polysiloxane' sheeting in a labeled thickness 
of 5 mil was used throughout this study. p-Nitropheno12, sali- 
cylic acid3,' 8-methoxycaffeine4 (recrystallized from methanol-carbon 
tetrachloride), and caffeine6 (recrystallized from water) were used 


1 Mastic, Medical Products Div., Dow Corning Corp., Midland, 


2 Fisher reagent grade, Chemical Manufacturing Div., Fisher Scien- 


3 Baker & Adamson reagent, General Chemical Div., Allied Chem- 


4 Eastman Organic Chemicals, Div. of Eastman Kodak Co.. Roches- 


5 British Drug Houses, Toronto, Canada. 


Mich. 


tific Co., Fair Lane, N. J. 


ical, New York, N. Y. 


ter, N. Y. 


as model diffusates. Other compounds employed as complexing 
agents are also commercially available chemicals and were purified 
whenever necessary (9). 


Ditfusion Studies-The quasi steady-state diffusion cell described 
by Garrett and Chemburkar (1) was used with the following modi- 
fications. One polytetrafluoroethylene6 O-ring was used instead of 
two silicone rubber gaskets and the diameter of the area available 
for diffusion was 32 mm. The cell was initially equilibrated over- 
night in a shaker bath maintained at 30" with 100 ml. of distilled 
water in both a r m .  Subsequently water was removed by suction 
and 50 ml. of 0.005 N sodium hydroxide (for pnitrophenol and 
salicylic acid) or water (for 8-methoxycaffeine and caffeine) was 
added to one arm and an equal volume of test solution was placed 
in the other arm.' All the solutions were prewarmed to 30". In 
order to suppress the dissociation of pnitrophenol and salicylic 
acid, their solutions were prepared in 0.001 N and 0.004 N hy- 
drochloric acid, respectively. The cell was mechanically shaken 
horizontally a t  a rate of 148 f 2 strokes/min. 
Analytical Methods-pNitropheno1-A 0.5-ml. aliquot of a 


desorbing solution was pipeted into a 10-ml. volumetric flask, then 
5 ml. of 0.01 N sodium hydroxide was added to  it, and the mixture 
was made up to volume with water. The absorbance of this solution 
was recorded on a spectrophotometers at the wavelength of maxi- 
mum absorbance, 400 mp. No complexing agent was found to 
interfere with the assay at this wavelength. 


SaIicyIic Acid-A 0.5-ml. aliquot from the desorbing solution 
was acidified with 2 ml. of 0.1 N hydrochloric acid to suppress the 
dissociation and made up to  volume (10 ml.) with water. The con- 
centration of the resultant solution was spectrophotometrically 
determined at  302 mp. Diethylpropionamide did not interfere with 
the assay. 


8-Methoxycaffeine-A 1-ml aliquot was pipeted out of both 
desorbing and diffusing solutions. When methyl nicotinate was 
used as a complexing agent, absorbance at both 262 and 281 mp 
was recorded and the content of each component was calculated 
by the standard method of simultaneous spectrophotometric 
analysis (10). When tryptophan was used as a complexing agent, 
8-methoxycaffeine was extracted into carbon tetrachloride. A 1- 
ml. portion of carbon tetrachloride solution was then appropri- 
ately diluted with methanol and the xanthine was spectrophoto- 
metrically determined at 281 mp. In the presence of phenols and p- 
hydroxybenzoic acid, the sample solutions were made alkaline with 
sodium hydroxide (0.005 N with respect to the final concentration) 
and 8-methoxycaffeine was then extracted into carbon tetrachloride. 


Caffeine-A I-ml. aliquot was pipeted out of both desorbing and 
diffusing solutions. The concentration of caffeine in the presence of 
salicylamide was determined in the following way. The sample 
solution was made alkaline with sodium hydroxide (0.005 N with 
respect to the final concentration) and the concentrations of salicyl- 
amide were determined at  328 mp. The concentration of caffeine was 
then calculated from absorbance at 272 mp and correction was made 
for absorbance due to salicylamide at the same wavelength. The con- 
centration of caffeine in the presence of p-bromophenol was deter- 
mined in the following way. To a 1-ml. aliquot was added 9 ml. of 
0.1 Nsodium hydroxide and the resultant solution was shaken with 
2 ml. of chloroform. One milliliter of the organic layer was pipeted 
out and absorbance at 272 mp was measured after appropriate dilu- 
tion with methanol. 


Determination of Partition Coefficient-Five-milliliter portions 
of sample solutions were shaken with a 5-ml. portion of carbon 


6 Teflon, E. I. du Pont de Nemours & Co., Wilmington, Del. 
7 In this paper a solution containing diffusate at time zero IS referred 


to as a diffusing solution while the other side of the membrane IS des- 
ignated as a desorbing solution. 


8 Beckman Model DB, Beckman Instruments, Fullerton, Calif. 
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tetrachloride by means of an aliquot shakerg in a low temperature 
incubatorlo (25') for about 2 hr. The concentrations of aromatic 
compounds remaining in the water layer were determined as de- 
scribed in the Analytical Methods. The concentrations in carbon 
tetrachloride were assumed to be equal to the difference between 
the initial concentration in water and the concentration in water 
after extraction. The concentrations of aliphatic molecules re- 
maining in the water layer were determined by GLC. A gas chro- 
matographll equipped with a dual flame ionization detector and a 
0-10 mv. recorder12 was employed. The chromatographic column 
was a 0.31-cm. (0.125-in.) 0.d. stainless steel column, 1.83 m. 
(6 ft.) in length and packed with 10% siliconeelastomer13ona diat- 
omiteI4 (80-100 mesh). The column was silanized in situ with 
hexamethyldisilazane and equilibrated overnight at the operating 
conditions; oven temperature 140"; injection port temperature, 
301 O ;  detector temperature, 283"; hydrogen pressure 15 lb./sq. in.; 
air pressure, 25 lb./sq. in., helium pressure, 40 lb./sq. in. (80 ml./ 
min.). Either dimethylacetamide or diethylpropionamide was used 
as an internal standard. 


RESULTS AND DISCUSSION 


Ionizable Diffusates-p-Nitrophenol and salicylic acid, with 
pKa values (11)  of 7.1 and 3.0 were selected as model ionizable 
compounds. The concentration of diffusible species in the desorb- 
ing solution can be kept to a zero value by maintaining diffused 
molecules in a dissociated form. During the first 4 to 5-hr. period 
of the permeation experiment, the drug concentration of the dif- 
fusing solution is not altered significantly; and it may be assumed 
that the concentration of a diffusate during this period is equal to 
its initial concentration, Co,  in the diffusing solution. For such a 
system the following equation modified from that derived by Garrett 
and Chernburkar (2) for a steady-state diffusion can be employed 


ACot C2 = k p  __ 
v2 


where CZ = concentration of diffusate in desorbing solution, A = 
area of the membrane, V, = volume of the desorbing solution, and 
k ,  = permeability constant, which is the product of diffusivity 
of the drug in the membrane and its membrane/water partition 
coefficient divided by thickness of the membrane. Plots of C2 uersus 
t will give a straight line with slope = k ,  X AC"IV2 from which k,  
can be computed. 


Effect of Complexing Agents on Permeation of p-Nitrophenol- 
A typical set of data for the permeation of p-nitrophenol in the 
presence and absence of complexing agents are plotted in Fig. 1 in 
accordance with Eq. 1 .  Depending on the nature of the complexing 
agent, two opposing effects on the rate of permeation were observed. 
Accordingly, the rate of permeation increased in the presence of 
diethylpropionamide while it decreased in the presence of caffeine. 
In order to explore the observed effects, the rate of permeation ofp- 
nitrophenol was determined in the presence of a number of com- 
plexing agents. The data for this study were plotted in the same way 
as illustrated in Fig. 1 .  All the results gave linear relationships of 
C2 Dersus t. The apparent permeability constants, k,, were computed 
from the slopes of the lines and they are summarized in Table 1. 
If one compares the effect of amides on the k,  values, it can be 
observed from the table that effect on the permeation varies among 
the N,N-dialkylamides and that it is concentration dependent, k,  
value increasing with increase in concentration of diethylpropion- 
amide. 
In order to explain the difference in the drug permeability in the 


presence of the amides, apparent partition coefficients (CCL/HtO) of 
the amides as well as of p-nitrophenol in the presence of the amides 
were determined and these results are summarized in the third 
and fifth columns of Table I. In view of approximately the same 
hydrogen bonding ability of the amides with p-nitrophenol in a 
nonpolar solvent (12), the observed difference in the apparent 
partition coefficients of p-nitrophenol can be related to the difference 


9 Lab-Tek, Ames Lab-Tek, Inc., Westmont, Ill. 
10 Model 82. Fisher Scientific Co. 
1IF & M Model 700, F & M Scientific Div., Hewlett Packard, 


11 Speedomax W, Leeds & Northrup Co., Philadelphia, Pa. 
13 W98, F & M Scientific Div., Hewlett Packard, Palo Alto, Calif. 
1 4  Diatoport S, F & M Scientific Div., HewIett Packard, Palo Alto, 


Palo Alto, Calif. 


Calif. 


Table I-Apparent Permeability Constants, k,, and Apparent 
Partition Coefficients, R, of p-Nitrophenol in the 
Presence of Complexing Agents 


-p-Nitrophenol-. 
Concn., k ,  X 1 0 2  


Complexing Agent mM Ra cm./hr. Rapp.* 
~ ~ ~ ~~~~~ 


None - - 6.55 0.086 
Dimethylacetamide 40 0.00 6.55 0.18 
Dimethylpropionamide 40 0.15 7.27 0.73 
Diethylacetamide 40 0.35 8.45 1 .9  
Diethylpropionamide 40 2.1 12.8 4 . 2  


Dioxane 40 0.74 6.52 0 .13  
n-Amy1 alcohol 40 2.3  7.63 0.20 


40 0.031 6.55 0.086 Dimethyl sulfoxide 
Theophylline 10 0,002 5.74 0.086 
Caffeine 10 0.21 5.59 0.097 
8-Methoxycaffeine 10 5 . 5  5.48 0.26 


20 9.98 
10 8.51 


a CCla/HeO at 25". b CCln/O.001 N HC1 at 25". 


in the partition coefficients of the amides themselves. This point is 
elaborated by the following scheme and equation: 


Q 


6%. 2) 


where P and Q represent equilibrium concentrations of p-nitro- 
phenol and an amide, respectively. RX is a partition coefficient of 
species X ,  K is a stability constant, and the subscript m stands for 
"in the membrane." According to Eq. 2, the apparent partition 


P 


0 1 2 3 4 5 
TIME, hr. 


Figure 1-Permeation of p-nitrophenol in the presence of 10 mM 
caffeine (0) or I0 mM diethylpropionamide (A) and in the absence 
of complexing agent (0) a t  30". The diffusing solution was 50 mi. 
of 4 mM p-nitrophenol in 0.001 N hydrochloric acid with or without 
complexing agent and the desorbiizg solution was 50 ml. of 0.005 N 
sodium hydroxide solution. 
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Table 11-Effect of Diethylpropionamide (DEP) on 
Permeability Constant, k,, of p-Nitrophenol 


Table IV-Apparent Permeability Constants, k,, and Apparent 
Partition Coefficients, R, of Caffeine and Salicylamide 


Location of DEP 
kp X lo2, 


cm./hr. 
k p  X lo2, 


D8usatea Complexing Agent cm./hr. R" 


(Absent) 6.55 
Diffusing solution& 12.8 
Desorbing solution" 7.31 
Both diffusing and desorbing solutionso 13.8 
Membraneb 6.91 


Caffeine None 0.216 0.21 
Caffeine p-Bromophenol* 0.228 0.72 
Caffeine Salicylamidea 0.148 0.13 
Salicylamide None 2.57 0.14 
Salicylamide Caffeinea 2.17 0.098 


a 40 mM DEP. b The membrane was presoaked with 50 ml. each of 
100 mM DEP in both arms for 16 hr. 


coefficient of the phenol depends on the values of R p ,  K,, and Qm. 
Since the partition coefficient of uncomplexed phenol, RP, is 
constant, and the stability constants of hydrogen bonded complex, 
K,, are about the same for the N,N-dialkylamides (12), the ap- 
parent partition coefficient is primarily a function of the amide 
concentration in the membrane. Thus amides with greater parti- 
tion coefficients gave greater apparent partition coefficients of p -  
nitrophenol as seen in Table I. 


In order to evaluate the role of diethylpropionamide in the trans- 
fer of the phenol across the membrane, diethylpropionamide was 
placed unilaterally in the diffusing solution, in the desorbing solu- 
tion, and in the membrane; and bilaterally in both the diffusing and 
desorbing solutions. These data, as given in Table 11, showed that 
the amide substantially increased the permeability constant of the 
phenol only when it was placed in the diffusing solution. 
From these results it is highly improbable that the amide 
merely changes the permeation characteristic of the membrane 
(diffusivity of a diffusate in the membrane). The increased permea- 
tion ofp-nitrophenol may be attributed to the increase in concentra- 
tion of p-nitrophenol in the membrane at its interface with dif- 
fusing solution or in other words, to the increase in apparent parti- 
tion coefficient. The greater apparent partition coefficient of p- 
nitrophenol in the presence of diethylpropionamide may be ration- 
alized by the greater partition coefficient of the amide itself and the 
presence of hydrogen bonding interaction in the nonpolar medium 
between the phenol and the amide (13). Dimethylacetamide, on the 
other hand, though it is as good a proton acceptor as diethylpropion- 
amide, does not partition into a nonpolar solvent, and conse- 
quently has insignificant effect on the partition coefficient of the 
p-nitrophenol, thus supporting the importance of partitioning prior 
to diffusion through the membrane. 


A possible alternative mechanism includes faster diffusion of the 
p-nitrophenol-amide complex through the membrane than un- 
complexed p-nitrophenol. This is highly unlikely since the stability 
constant of such a complex in a bulk aqueous solution was found 
to be very small (12). 


The results showing the influence of dioxane, n-amyl alcohol, 
dimethyl sulfoxide, and xanthines on rate of permeation of p- 
nitrophenol are also included in Table I. Although dioxane and 
n-amyl alcohol partiton into the nonpolar solvent to an appreciable 


Table 111-Apparent Permeability Constants, k,, and Apparent 
Partition Coefficients, R, of 8-Methoxycaffeine in the 
Presence of Complexing Agents 


-8-Methoxycaffeine- 
k p  X 


Concn., 1 0 2 ,  
Complexing Agent mM Ra cm./hr. Rap,." 


None 
p-Chlorophenol 
o-Nitroohenol 


- 3.73 5.4 
60 2.1 4.11 49 
10 0.097 3.51 5.2 


- 


AMethyl hicotinate 60 5.3 2.17 5.2 
Tryptophan 24 0.0 2.29 2.7 
p-Hydroxybenzoic acid 30 0.018 2.02 1.8 


0 CCL/H*O at 25'. 


16 mM. * 32 m M .  eCClqH~0 at 25" 


extent, they failed to modify the permeability constant of p-nitro- 
phenol in any substantial way. This is in accord with the small in- 
crease in partition coefficients of p-nitrophenol in the presence of 
these molecules. The weak proton acceptor property of ethers and 
alcohols (14) may explain the present observation; namely, K ,  
in Eq. 2 is so small that RBpp.p does not differ significantlyfrom Rp. 
Dimethyl sulfoxide, on the other hand, is reported to be a strong 
proton acceptor (15). The failure of the sulfoxide to modify the per- 
meability can be attributed to its small partition coefficient. Thus 
a large partition coefficient, together with the strong hydrogen ac- 
ceptor property of the complexing agent appear to be the factors re- 
sponsible for accelerated permeation of p-nitrophenol. 


Alkylxanthines in general reduced the apparent permeability 
coefficients of p-nitrophenol. p-Nitrophenol interacts with al- 
kylxanthines both in aqueous and nonpolar solutions (12). In the 
case of theophylline with a very minor partitioning into the non- 
polar solvent, its complexation with p-nitrophenol in aqueous solu- 
tion might be the sole cause of the reduction in the permeability. 
The retarding effect of 8-methoxycaffeine was not found to be as 
pronounced as expected from its great complexing tendency (16) 
since the xanthine partitions into a nonpolar solvent to an ap- 
preciable extent. 


In spite of an increase in the apparent partition constant of p- 
nitrophenol in the presence of alkylxanthines, its permeability 
decreased. For example, the permeability constants of caffeine and 
8-methoxycaffeine are0.216 X 10-2cm./hr. and 3.73 X lO-Zcm./hr., 
while their partition coefficients are relatively large, namely, 0.21 
and 5.4 (see Tables I11 and IV). This discrepancy may have 
resulted from the fairly small diffusivity of alkylxanthines. It 
should be noted here that permeation is a kinetic phenomenon 
whereas partition coefficients are equilibrium constants. 


Effect of Diethylpropionamide on Permeation of Salicylic Acid- 
The permeation behavior of salicylic acid in the presence and 
absence of diethylpropionamide is depicted in Fig. 2. The partition 
coefficients of salicylic acid at a 4 mM concentration in the absence 
and presence of the amide (40 mM) are 0.59 and 5.7, respectively. 
Thus, the increased permeation of salicylic acid in the presence of 
diethylpropionamide may be attributed to its increase in the parti- 
tioning property. 


Nonionizable Diffusates-8-Methoxycaffeine and caffeine were 
chosen as model nonionizable molecules. For these drugs the 
following equation developed by Garrett and Chemburkar for 
quasi steady-state diffusion is applicable. 


co O.869kpA log - = ___ 
CI - c2 v2 


0%. 3) 


wherein CI is the concentration of diffusate in a diffusing solution 
and all other terms are as previously defined in Eq. 1 .  A plot of log 
Co/(Cl - Cz) versus t will yield a straight line and the permeability 
constant can be calculated from the slope of the line. 


Effect of Complexing Agents on Permeation of 8- Metlioxycafleine 
-The permeation data for 8-methoxycaffeine in the presence and 
absence of tryptophan or p-chlorophenol are plotted in Fig. 3. The 
apparent permeability constants obtained from these plots and from 
similar plots with other complexing agents are compiled in Table 
I11 together with pertinent partitioning data. In the case of phenols, 
pnitrophenol reduced the permeability constant of 8-methoxy- 
caffeine, while p-chlorophenol increased it. Since both of these 
phenols interact with the xanthine in aqueous as well as in non- 
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Figure 2-Permeation of salicylic acid in the presence (A) and ab- 
sence (0) of diethylpropionamide at 30'. The diffusing solution was 
50 ml. of 4 mM salicylic acid in 0.004 N hydrochloric acid soluiion 
with or without 40 mM diethylpropionamide and the desorbing solu- 
tion was 50 ml. of 0.005 N sodium hydroxide solution. 


polar environment (12), two counteracting effects may take place 
for the present systems. Complexation in aqueous solution would 
reduce the permeability constant of 8-methoxycaffeine while 
interaction at the membrane interface with the diffusing solution 
would increase it. With p-nitrophenol, whose partition coefficient is 
small, complexation with I-methoxycaffeine in aqueous solution 
is a dominant factor, while for p-chlorophenol, with a large partition 
coefficient, hydrogen bonding interaction at the interface outweighs 
the complexation effect in an aqueous solution, resulting in a net 
increase in the permeabiliy constant. 


Methyl nicotinate (Table 111) was observed to lower the per- 
meation of 8-methoxycaffeine. Although methyl nicotinate has a 
large partition coefficient, it has no hydrogen bonding affinity for 
the xanthine in a nonpolar environment (12). Therefore complexa- 
tion in the aqueous solution may account for the reduction in the 


TIME, hr. 


Figure 3-Permeation of 8-methoxycaffeine ( 4  mM) in the presence 
of 24 mM rryprophan (0) or 60 mM p-chlorophenol (A) and in the 
absence of complexing agent (0) at 30". 


0 
0 6 12 18 24 


TIME, hr. 


Figure &Permeation of caffeine (I6 mM) in the presence of 16 
mM salicylamide (0) or 32 mM p-bromophenol (A) and in the 
absence of comptexing agent (0) at 30". 


permeation of the xanthine. The apparent partition coefficients of 
8-methoxycaffeine are reduced due to the presence of tryptophan and 
p-hydroxybenzoic acid. These complexing agents are not partitioned 
into the nonpolar solvent as shown in Table 111. Thus the decrease of 
the permeability constants of 8-methoxycaffeine by tryptophan and 
p-hydroxybenzoic acid can be inferred as being due to the complex- 
ation in the aqueous solution. 


Effect of Salicylamide and pBromophenoI on Permeaiion of 
Caffeine-Data for the permeation of caffeine with and without 
complexing agents are presented in Fig. 4. The permeation and 
partitioning results for caffeine and salicylamide are given in Table 
IV. It should be noted in Fig. 4 that the permeation rate plots 
yielded an intercept on the abscissa, indicating an apparent time 
lag. Comparing the k ,  value of caffeine with those of other drugs 
this would be expected, since caffeine gave the lowest value. This 
figure also illustrates that the rate of permeation of caffeine was 
accelerated by p-bromophenol and it was decelerated by salicyl- 
amide. The results may be rationalized in the same way as for 8- 
methoxycaffeine. For example, with salicylamide whose partition 
coefficient is small ( R  = 0.14), complexation in an aqueous solu- 
tion may be considered to have a dominant effect, while with p- 
bromophenol whose partition coefficient is large ( R  = 3.14), 
interaction at the interface would outweigh the complexation in an 
aqueous solution. The permeability constant of salicylamide was also 
found to decrease in the presence of caffeine. These observations 
can be substantiated by the measured values of partition coefficient 
of the diffusate in the presence of the complexing agents. Experi- 
mentally obtained values are summarized in Table IV. 


CONCLUSIONS 


This study illustrates that the rate of permeation of a drug can 
be increased or decreased in the presence of a complexing agent, 
and the magnitude of this effect is dependent upon the physico- 
chemical nature of the agent. From the results it may be concluded 
that the agents which complex with a diffusate (a)  only in aqueous 
solution would reduce the permeability constant; (b) both in 
aqueous and nonpolar environments would either decrease or in- 
crease it depending upon the partitioning behavior of the complex- 
ing agents and the relative stability constants of the complex in both 
environments; and (c)  only in nonpolar environment would in- 
crease it. 


If a drug in question is an acidic molecule, a complexing agent 
of an aliphatic proton acceptor type, with a fairly large partition 
coefficient and favorable toxicological characteristics, would be a 
candidate for an agent which may be used to enhance the permeation 
of the drug across biological membranes. 
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Factors Affecting the Synthesis of Penicillinase by 
Staphylococcus Aureus 


R. F. BOYD and JOSEPH JUDIS 


~~ 


Abstract 0 The effects of aeration, ferric ions, porphyrins, and 
disodium versenate were studied on the production of penicillinase 
(ps) by Staphylococcus aureus 55-C-1 in synthetic medium. The 
production of ps was twice as high in shaken compared to static 
cultures although growth ultimately was the same. Ferric ions in a 
concentration of 2.5 X M had some stimulatory effect on ps 
production in static cultures but caused much greater ps stimula- 
tion in shaken cultures. This stimulatory effect could be demon- 
strated only if ferric ions were added prior to 3 hr. of incubation. 
Hemin in a concentration of 2.5 X Mdepressed ps production 
in the presence of ferric ions but one-tenth the concentration of 
hemin did not. Hematin in the same concentration was without effect. 
Protoporphyrin in a concentration of 2.5 X M inhibited 
growth in the absence of ferric ions and depressed ps production in 
the presence of ferric ions. One-tenth the concentration of pro- 
toporphyrin had no effect on growth but depressed ps production 
and only slightly depressed ps production in the presence of ferric 
ions. A concentration of 2.5 X 10-6 M hematoporphyrin inhibited 
ps production in the presence of ferric ions when the former was 
added early in the growth curve. Disodium versenate in a con- 
centration of 1.32 X lou5 M in the presence of ferric ions permitted 
good growth but no ps production. 


Keyphrases 0 Penicillinase production-Staphylococcus aureus 0 
Aeration, shaking effect-penicillinase production 0 Porphyrins, 
ferric ions, disodium versenate, effect-penicillinase production 0 
Optical density-S. aureus growth determination 0 Manometric 
determination-penicillinase 


Abraham and Chain (1) were the first to show that 
certain bacteria produce an enzyme capable of hy- 
drolyzing penicillin. Since the latter paper was published 


in 1940, a number of workers have demonstrated that 
the resistance of strains of Staphylococcus aureus to  
penicillin was related to the production of penicillinase, 
the enzyme which was shown to hydrolyze penicillin. 
Although in some studies penicillin resistance was 
demonstrable in the absence of penicillinase production 
(2, 3), there seems to be good correlation between the 
ability of staphylococci to  produce penicillinase and to 
be resistant to  the action of penicillin both in uitro and 
in uiuo (4-6). Penicillinase production has been similarly 
implicated in penicillin resistance of Bacteroides sp. (7). 


In some microorganisms, penicillinase has been 
found to be an inducible enzyme and many studies (8-12) 
have concentrated on the nature of the induction of 
penicillinase elaboration. Some strains of S. aureus 
produced penicillinase constitutively (13, 14) and a 
number of workers have been concerned with the 
conditions and factors affecting constitutive produc- 
tion of penicillinase. It was felt that if the factors which 
control or affect penicillinase production in a strain of 
S. aureus producing penicillinase constitutively could 
be identified, it was possible that this knowledge could 
be applied ultimately in the treatment of an infection 
caused by a penicillinase-producing strain of S. uureus. 
That is, a strain which otherwise would be resistant to 
penicillin could be made susceptible to  the action of 
penicillin if penicillinase production could be inhib- 
ited by the concurrent administration of a nontoxic 
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N O T E S  


Some Coumarin Constituents 
of Prunus mahaleb L. Fruit Kernels V 


M. EL-DAKHAKHNY 


Abstract 0 It was possible to isolate 2-glucosyloxy-4-methoxyethyl 
trans-cinnamate from the alcoholic extract of the defatted Prunus 
mahaleb L. fruit kernels. The structure of this compound was con- 
firmed by IR, NMR, and mass spectra. Further evidence was sought 
through its de-ethylation into 2-glucosyloxy-4-methoxy trans- 
cinnamic acid which was identical in every respect with authentic 
material prepared synthetically. Through acetylation it afforded 
a tetraacetate, the structure of which was also confirmed by NMR 
and mass spectra. The identity of the sugar as glucose was ascer- 
tained by enzymatic and acid hydrolysis and subsequent paper 
chromatography in three different solvent systems. 


Keyphrases Coumarins-Prunus mahaieb fruit kernels 0 Paper 
chromatography-separation, identification 0 Optical rotation- 
identity 0 1R spectrophotometry-structure NMR spectros- 
copy-structure 0 Mass spectroscopy-structure 


In a previous communication (l), it was reported 
that Prunus mahaleb L. kernels contain herniarin (7- 
methoxycoumarin) both in a free form and as a gluco- 
side. The present author, during examination of the 
alkaloidal fraction of the kernels, was able to  isolate a 
crystalline compound which appears not to  have been 
reported before. Although this compound was isolated 
from the alkaloidal fraction, it was found to  be free of 
nitrogen and gave negative color reactions for alkaloids. 
The aim of this work was to  study the structure of this 
compound. Pharmacological studies on this compound 
have been carried out and will appear shortly. 


EXPERIMENTAL 


Melting points were determined on a Kofler block and are un- 
corrected. IR spectra were determined in KBr using a Leitz Unicam 
S.P. 200 C. NMR spectra were determined in DMSO using a 60-Mc. 
instrument. Mass spectra were determined with CHI, instrument at 
70”, using an electron energy of 70 eV. Optical rotations were deter- 
mined with a Perkin-Elmer 141 polarimeter. 


Isolation of 2-Glucosyloxy-4-methoxyethyl trans-Cinnamate 
(I)-Five hundred grams dried and defatted mahaleb kernels was 
extracted with 95 % ethanol to exhaustion. After concentration of 
the alcoholic extract, ether was added to  precipitate choline and 
other glycosides. After decantation of ether, the precipitate was 
dissolved once more in alcohol and ether was added once again. 
The combined ethereal extracts were concentrated and extracted 
with diluted HCI to remove the alkaloids. The aqueous acidic solu- 
tion was then made alkaline with ammonia and extracted with 
chloroform. The chloroform was dried over anhydrous sodium 
sulfate and then concentrated. After evaporation of chloroform, a 
yellow semisolid residue with a strong characteristic odor was left. 
Repeated crystallization from chloroform-methanol gave colorless 
needles, m.p. 18&182”, [a]’,” = -58.8” (in pyridine, yield90mg. 
about 0.2% of alcoholic extract, C = 56.22%; H = 6.30%; 
CI8Hz4O9 requires C = 56.24% and H = 6.2997,). It gave a single 
spot on silica gel C developed with chloroform-methanol (85: 15; 
Rf, 0.267) which could be seen as a dark blue fluorescent spot in UV 
light. It gave a positive reaction for Molisch test and negative reac- 
tions for alkaloids and flavonoids. 


The UV spectrum in ethanol showed maxima at X 239, X 296, and 
h 322 mp ( 6  = 8.83 X lo3, 1.23 X lo4, and 1.55 X lo4, respec- 


OAc 
\ 


. O J !  


2-glucosyloxy-4-methoxyethyl trans-cinnam+te(acetate) 
I 


tively). The IR spectrum showed bands character stic for hydroxy 
groups (3380 cm.-l), carbonyl in conjugation wit L a double bond 
(1680 and 1615 cm.-l), 1,2,4-trisubstituted aromati+ structure ( 1  570, 
772, 766, and 760 cm.-’) (2). This compound W ~ S  identified as 2- 
glucosyloxy-4-methoxyethyl trans-cinnamate (Strukture I). 


The mass spectrum of this compound (Fig. 1) showed a molecu- 
lar ion peak at m/e 384 (46.7%) from which ihe expulsion of 
methanol gave a peak at m/e 352 (8.5 %). The impqrtant fragmenta- 
tion behavior of themolecule includes the followingjfeatures (Scheme 
I); expulsion of 162 mass units by loss of C6HlO$ for the glucose 
moiety leads to an ion at m/e 222 (22.3%) forpulated as “A.” 
Subsequent expulsion of ethanol by the possible mechanism indi- 
cated by the arrows leads to the highly conjugat+ ion “B’ which 
appears as the strongest ion in the spectrum (basei peak). The latter 
ion loses carbon monoxide presumably from the kyclohexadienone 
system with the formation of ion “C” which a&ears at m/e 148 
(81.5%). Further degradation of the latter ion hapkens by expulsion 
of methyl radical giving the stabilized ozonium iop “D’  at m/e 133 
(58.7%). Subsequent expulsion of carbon monoxi e gives a C?H,O+ 
ion at m/e 105 (11.7%) which may be represented ! y the constituent 
“E.” 


Enzymatic Hydrolysis of the Glucoside-Tweety milligrams of 
Compound I was dissolved in about 20 ml. of wdter, about 20 mg. 
of B-glucosidase in 20 mi. water was added, one d h p  of toluene for 
preservation, and the mixture was kept for about110 hr. at 37” with 


(R,, 0.79) and from herniarin (R,, 0.905). 
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Figure 1-Mass spectrum of glucoside. 
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Scheme I-Fragmen fation pattern of glucoside. 


The aqueous layer after filtration and concentration under re- 
duced pressure was tested chromatographically on paper (Whatman 
No. 1) against reference sugars using the following solvent systems: 
(a)  n-butanol-acetic acid-water, 4:1:5 (3); (b) ethyl acetate- 
pyridine-water, 5:2 :5 (4); and (c) collidine saturated with water (5). 


The chromatograms were developed for about 24 hr. (descending). 
After drying at room temperature, they were sprayed with p-anisi- 
dine-phosphoric acid reagent (6). In the three solvent systems, the 
aqueous phase gave a brown spot which was identical to that of 
glucose run as a reference material. 


Acid Hydrolysis of the Glucoside-To the alcoholic solution 
(20 ml.) of about 20 mg. of the glucoside, about 20 ml. 2 N sulfuric 
acid was added and the mixture was refluxed for about 1 hr. The 
reaction mixture was then diluted with water and extracted with 
ether. The ethereal layer was tested chromatographically on paper 
(Whatman No. 1, solvent: upper phase of n-butanol-acetic acid- 
water, 4 : 1 : 5 )  and on silica gel G (solvent: benzene-3 methanol). 
It gave one spot identical to herniarin. 


The aqueous layer, after being neutralized with barium carbonate, 
was passed through a column of ion-exchange resin (Dowex 5OWX, 
50-100 mesh, hydrogen form) to remove any barium ions and then 
concentrated under reduced pressure and tested chromatographi- 
cally on paper using the same solvents mentioned previously. The 
only brown spot was identical to reference glucose. 


Acetylation of the GlucosideOne hundred milligrams of the 
crystalline compound was dissolved in 1 ml. of anhydrous pyridine, 
then 1 ml. of acetic anhydride was added and the mixture was 


heated at 100" for about 2 hr. The pyridine and acetic anhydride 
were evaporated under reduced pressure leaving a colorless crystal- 
line mass. Recrystallization from aqueous methanol gave colorless 
needles, m.p. 16(t162", [a]? = -556.5" (in chloroform). Tested 
chromatographically on silica gel G, it gave one fluorescent spot 
(solvent: chloroform-methanol, 85 : 15; Rj, 0.35). The IR spectrum in 
KBr showed the disappearance of the hydroxyl band. The NMR spec- 
trum showed three acetyl groups at 6 = 2.17 and another one at 6 
= 2.14 accounting for the acetyl group attached to  Cg of the sugar 
moiety (Structure I), one methoxy group at 6 = 4. There were bands 
indicating the presence of an ethyl group at 6 = 1.42 (triplet, J = 7 
c.P.s.) and 6 = 4.3. It showed also three aromatic protons: H(3') 
at 6 = 6.98 (singlet), H(5') at 6 = 6.9 (doublet, J = 9 c.P.s.), and 
H(8') at 6 = 7.9 (doublet, J = 9 c.P.s.). Two trans-ethylenic pro- 
tons appeared: H(l") at 6 = 7.91 (doublet, J = 16 c.P.s.) and 
H(2") at 6 = 6.55 (doublet, J = 16 c.P.s.). The sugar moiety 
appeared as a complex multiplet (6 = 5-6). 


The mass spectrum showed the presence of a molecular ion at 
m/e 552. Further fragmentation showed the loss of four molecules of 
acetic acid successively and then behaved llke the mother compound. 


Deethylation of the Glucoside-Twenty-five milligrams of the 
crystalline glucoside was dissolved in about 25 ml. aqueous alcohol 
(2073, then 25 ml. of 1 KOH in aqueous alcohol was added and 
the mixture was left overnight at room temperature. The next day 
the solution was passed through a column of ion-exchange resin 
(Dowex 50WX, 5Ck100 mesh, hydrogen form) to neutralize the 
potassium hydroxide. The effluent neutral solution was evaporated 
under reduced pressure. The colorless mass left, when crystallized 
fromwater, gave plates m.p. 196-198", [a]y = -50.7' (in pyridine) 
(1 2 mg. yield) ; reported for 2-glucosyloxy-4-methoxy trans-cinnamic 
acid (HI),  1944196" (7). When tested chromatographically on paper 
(Whatman No. 1, solvent: ii-butanol-acetic acid-water, 4:1:5), it 
gave one spot (R,, 0.635) which was identical with authentic 2- 
glucosyl-4-methoxy trans-cinnamic acid prepared synthetically (7). 
IR spectra of both products were also identical. 


DISCUSSION 


2-Glucosyl-4-methoxyethyl trans-cinnamate (I, Scheme 11) was 
isolated from the alkaloidal fraction of the alcoholic extract of Prurius 
mahaleb L. kernels. NMR spectra of the compound and its tetra- 
acetate showed signals for an ethyl group. These signals were found 
to be persistent even after thorough drying or using solvents other 
than ethanol or methanol for crystallization. The presence of the 
ethyl group as a part of the molecule and not as impurity was 
proved by mass spectra of both the compound and its acetate. That 
the compound occurs in the trans-form was shown by the IR spec- 
trum 198.5 cm.-1(2)] and by the NMR spectra showing the presence 
of two trans-ethylenic protons, H(l'') at 6 = 7.91 (doublet, J = 16 
~.p.s . )andH(~")at6 = 6.55(doublet,J= 16c.p.s.). 


I 
2-glucosyloxy-4-methoxy- 


ethyl trans-cinnamate 


alc. KOH I 
I1 


2-hydroxy-4-methoxy- 
ethyl trans-cinnamate 


IV 111 
2-hydroxy-4-methoxy- 2-glucosyloxy-4-methoxy 


trans-cinnamic acid trans-cinnamic acid 


V VI 


cis-cinnamic acid (7-methoxycoumarin) 
Scheme Il-Reactions of the glucoside. 
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Nevertheless, on acid hydrolysis the compound gave herniarin. 
The formation of herniarin may be accounted for by the transforma- 
tion of the liberated 2-hydroxy-4-methoxy-trans-cinnamic acid (IV, 
Scheme 11) to the cis-form in presence of hydrogen ions. However, 
enzymatic hydrolysis did not give herniarin but gave 2-hydroxy-4- 
methoxyethyl trans-cinnamate (IV) which was found to be less 
mobile on paper than herniarin. The structure of the glucoside (I) 
was also ascertained through its de-ethylation to the free-acid gluco- 
side (111) which was identical in every respect with authentic material 
prepared synthetically (7). 


SUMMARY 


2-Glucosyloxy-4-methoxyethyl trans-cinnamate was isolated in a 
crystalline form from the alcoholic extract of Prunus mahaleb L. 
fruit kernels. The structure of this compound was proved by IR, 
NMR, and mass spectra. It was further ascertained by de-ethylation 
of the compound to the free-acid glucoside which was identical with 
authentic material. On acetylation, it afforded a tetraacetate, the 
spectral studies of which (IR, NMR, and mass spectra) assured the 
suggested structure. On acid and enzymatic hydrolysis, it afforded 
glucose which was identified by chromatographic techniques. 
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Tablet-to-Tablet Variation of Drug Content of Sugar-Coated 
Tablets Containing Drug in the Sugar Coat 


J. THUR(I1 CARSTENSEN*, ARNOLD KOFF, J. B. JOHNSON, and S. H. RUBIN 


Abstract In dosage forms where active drug is added to a sugar 
coat, it may be shown that the distribution of assays should be 
normal and the standard deviation should be proportional to the 
square root of the number of coats. Although, in a series of batches, 
the standard deviation was found linearly related to the square 
root of the number of coats, the plot failed to intersect at the origin 
and did not have the required slope, presumably due to secondary 
contributions to the variation such as pan build-up. 


Keyphrases 0 Drug content variation-sugar coating, tablets 0 
Tablet coatingsdrug content variation 0 Core size, tablets- 
coating drug content variation 0 Coatings, tablet-drug content 
relationship 


~~~ -~ ~~ 


In recent years, several publications have dealt with 
tablet-to-tablet variation of uncoated tablets or com- 
pression coated tablets, Garrett (1) and Garrett and 
Olson (2) have studied the problem from the point of 
view of content of drug; Brochmann-Hanssen and 
Medina (3), Smith et al. (4), Lazarus and Lachman (5) ,  
and Airth et al. (6)  analyzed the situation from the 
point of view of weight variation. Some publications, 
e.g., those of Lachman et al. (7) and Kaplan (S), con- 
clude that statistical variation may be used as a means 
of evaluating processes; whereas others, e.g., those by 
Grundman and Ecanow (9) and French et aZ. (lo), have 
been concerned with the problem of statistical sampling. 


The inherent variations in sugar-coated tablets have 
been touched upon by Bhatia ( 1  l), but this paper aims 
not at the st,atistical variation to be expected but rather 


Table I-Tablet-to-Tablet Variation of Sugar-Coated Tablets, 
Showing Standard Deviation as a Function of Number of Coats, n 


Average Drug 
Content per 


102 x SD Tablet (np), Number of 
Coats (n) v‘i (a, mg. mg. d n G  


~~ ~ 


1 1 .oo 1.6  0.120 0.347 
2 1.41 3.0 0.244 0.494 
6 2.45 12.5 0.693 0.835 


11 3.32 19.3 1.214 1.102 
13 3.61 23.6 1.456 1 ,208 
16 4.00 22.5 1.790 1.340 


on the effect of incompatibilities. Anderson and Sakr 
(12), in a comprehensive treatment of the statistics of 
sugar coating, studied the mean line average as a pa- 
rameter, since smoothness of the tablet was their main 
point of discussion. Since some coated tablets contain 
the active component in the sugar coat, it would appear 
important to know whether expected statistical varia- 
tions might apply in such a situation. Mattocks (13) 
has pointed out the problem associated with uniformity 
of coating, and Butensky (14) has found that, weight- 
wise, the coefficient of variation rises to a maximum 
of 7 %  at a stage prior to  the final subcoating. The 
work by Anderson and Sakr (12) also implies that the 
coefficient of variation of the mean line average appears 
to level off at a certain stage of the coating operation, 
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Drug Abuse: Social and Psychopharmacological Aspects. Compiled 
and edited by JONATHAN 0. COLE and J. R. WITIENBORN, Charles 
C Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xiii + 170 pp. 15.5 X 23.5 cm. Price $9.50. 
This book is drawn from reports presented during the Fifth 


Annual Meeting of the American College of Neuropsychopharma- 
culogy. While there is no primary focus to the papers included, they 
are representative of current research related to the growing social 
and medical concern of drug abuse. 


One paper should be of particular interest because of the contro- 
versial nature of the topic and the scarcity of scientific research in 
this area. This study of the long-term effects of LSD administra- 
tion in volunteer graduate students suggests that the use of LSD 
under controlled circumstances with selected individuals may be 
less hazardous and have less far-reaching consequences than 
previously thought. However, other studies reported in this book 
seem to present evidence to the contrary, confirming the need for 
more extensive research into these problems. 


Data from a study of marijuana indicate that marijuana use be- 
gins as a group experience engaged in by peers, and not as the 
pusher engaging the youth. 


This book includes eleven studies concerning various aspects of 
drugs and drug abuse. While the editors admit that no answers are 
presented, they are hopeful that this volume will serve to stimulate 
research in these and related areas. 


Staff Review 


Drugs and Youth. Edited by J. R. WITTENBORN, HENRY BRILL, 
JEAN PAUL SMITH, and SARAH A. WITTENBORN. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1969. xiv + 
485 pp. 18 X 26 cm. Price $22.75. 
This book, “Drugs and Youth,” is based on the proceedings of 


the Rutgers Symposium on Drug Abuse held in June, 1968, at the 
Rutgers Interdisciplinary Research Center. The one hundred fifty 
participants in the three-day symposium were scientists, law enforce- 
ment officials, and members of the judiciary. 


The book is divided into six major sections, the first being intro- 
ductory material of a broad nature. Part I1 deals with morphine, 
heroin, and cocaine. Amphetamine-type and barbiturate tran- 
quilizer-type drugs are covered in the third section, followed by 
marijuana and LSD in Part IV. 


The concluding two sections deal with drug abuse and the law, 
and action to be taken, respectively. 


Although the book takes a broad look at the problems of drugs 
and youth with a sociological emphasis, it should be of interest to 
all persons working in the area of drug abuse. 


StaffReview 


Techniques of Medication. By ERIC W. MARTIN, STEWART F. 
ALEXANDER, WILLIAM E. HASSAN, JR., and BURTON L. SHERMAN. 
J. B. Lippincott, East Washington Square, Philadelphia, PA 
19105, 1969. vii + 239 pp. 18.3 X 26.1 cm. Price $18.00. 
This book is devoted to discussing those factors that often are not 


emphasized in the administration of a drug. In addition to the 
rational selection of a drug, factors such as route of administration 
and form of medication will often determine the usefulness of a 
medication. The authors have done well in attempting to discuss 
this comprehensive area. The book is introduced by discussing the 
trends in therapeutics and principles of medication. The second 
chapter is devoted to prescription writing and the factors that must 
be considered in a prescription. These factors would include dosage, 
directions to the patient, and legal and professional aspects. 


This is followed by sections dealing with various routes of medica- 
tion (dermatomucosal, parenteral, and gastrointestinal) and outlining 
the principles of medication that must be considered. These prin- 
ciples include topics such as dosage forms, techniques of administra- 
tions, and care of needles and syringes. The next section discusses 
nicely the handling of medication by nurses. This section is written 
in clear, easy-to-follow outline form. The book closes with a com- 


prehensive discussion of the legal aspects of medication. These 
include factors such as prescribing errors, inadequate testing, and 
sensitivity reactions. 


This book incorporates the basic concepts of a book published 
by Austin Smith in 1948 entitled “Technic of Medication.” The 
authors of this volume are to be complimented on bringing this 
important topic up to date and providing a practical manual on 
medication techniques for physicians, medical students, nurses, and 
pharmacists. All members of the health team must not only know 
their drugs but, equally important, they must known how to use 
them. 


Reviewed by J. P. Long 
Department of Pharmacology 
University of Iowa 
Iowa City, IA 52240 


Industrial Toxicology. By LAWRENCE T. FAIRHALL. Second Edition 
(Facsimile of 1957 Edition). Hafner Publishing Co., New York, 
NY 1969. xii + 376 pp. 18.3 X 26.3 cm. Price $12.00. 
A continuing demand for this standard reference work in in- 


dustrial toxicology has justified this reprinting of the 12-year 
old second edition. It is likely that part of such a demand 
is based on the desires of some to replace their much-used and 
worn-out copies. Fairhall has had a well-established and long-stand- 
ing reputation as a source of information about elements and com- 
pounds of toxicologic significance in industry. This book, though 
hardly expected to be up to date, still contains much data of current 
value and is a useful guide to some of the outstanding older litera- 
ture. 


With a compendium type of format, this volume is presented in 
two parts. Part 1 deals with inorganic substances, mostly elements 
and their salts, oxides, or compounds with hydrogen. The larger 
Part 11, entitled Carbon Compounds, deals with numerous organic 
chemicals. For each substance or compound, its chemical and 
physical characteristics, industrial uses, toxicity, and general ap- 
proach to methods of analysis are described in a concisely docu- 
mented form. There is little consideration of mechanisms of toxic 
action and no discussion of the treatment of poisoning by the 
agents described. An appendix contains tables listing urinary 
metabolites of 73 compounds, threshold limit values of numerous 
toxic gases, vapors, fumes and dusts, and the LDso’s by oral ad- 
ministration in rats of 104 organic chemicals. 


Obviously, much new knowledge concerning substances of in- 
dustrial toxicologic importance has developed since this edition was 
published in 1957, and several more recent books are available that 
contain such information. Hence, the later works must be relied 
upon as prime references in the field, with Fairhall serving a valuable 
supplementary and back-up function. An example of an area in 
arrears in this book is the timely topic of pesticides. Some of the 
well-known controversial persistent pesticides such as aldrin, di- 
eldrin, endrin, heptachlor, and heptachlor epoxide are not 
described, though threshold limit values and LDso’s for aldrin and 
dieldrin are tabulated in the appendix. 


For numerous agents described, however, little or no new in- 
formation has been produced since 1957, and for these substances 
Fairhall stands as a definitive reference. This volume is still an 
important component of any library purporting to cover toxicology 
comprehensively or industrial toxicology specifically. 


Reviewed by Julius Coon 
Jeferson Medical College 
Philadelphia, PA 19107 


The Biochemistry of Alkaloids: Molecular Biology, Biochemistry 
and Biophysics, Vol. 3. By TREVOR ROBINSON. Springer-Verlag, 
New York, NY, 1968. 149 pp. 17 X 25 cm. Price $9.75. 
1 enjoyed the opportunity of reviewing this book which was both 


readable and interesting. Although the author, in his preface, makes 
no attempt to state whether the monograph is intended primarily 
as a text or reference book, it would appear to me that its greatest 
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Effect of Certain Additives on the Photochemistry of Riboflavin 


CHUNG TECK SHIN*, B. J. SCIARRONE, and C. A. DISCHER 


Abstract 0 The quantum efficiency of riboflavin under aerobic 
conditions was determined by using a microirradiation method. 
It was found that the initial quantum efficiency was constant and 
independent of intensity of light, wavelength of light, and con- 
centrations employed. The quantum efficiency of riboflavin in the 
presence of phenols and other compounds was also determined. 
Only in the presence of phenols was the quantum eficiency de- 
creased yielding a linear relationship between the Hammett’s 
sigma values and the rate of photodecomposition. Benzyl alcohol 
and benzoic acid were found to be relatively ineffective as photo- 
chemical stabilizers compared to phenols. Cinnamyl alcohol, as a n  
electron donor, enhanced the photodecomposition of riboflavin. 
It appears, from the compounds tested, that the hydroxyl group 
should be either attached to  the benzene ring or be in conjugation 
with the benzene ring in order to be an  effective photochemical 
stabilizer. The effects of temperature and pH on the system were 
also determined. Kinetic studies were made to elucidate the reac- 
tion mechanism. 
Keyphrases Riboflavin, photochemistry-additives, temperature, 
pH effects Microirradiation-riboflavin, quantum efficiency 0 
Kinetic studies-riboflavin degradation 0 Quantum riboflavin, 
efficiency-equations derived 0 Spectrophotometry-analysis 


The photosensitivity of riboflavin was first observed in 
1932 by Warburg and Christian (1). Since then its photo- 
chemistry has been the subject of extensive investigation, 
and can be followed by recent reviews (2,3). Although the 
fact that riboflavin will undergo photoreduction in the 
absence of an electron donor has been generally ac- 
cepted, there have been conflicting views concerning the 


actual mechanism of the reaction. However, the pres- 
ently accepted theory for the photodecomposition of 
riboflavin proposes that the reaction proceeds from the 
lowest triplet state of the flavin and involves intramolec- 
ular hydrogen-transfer from the ribityl sidechain with 
the subsequent formation of lumichrome and/or lumi- 
flavin depending on basicity of the solution (4-6). The 
photolysis of riboflavin and several other flavins in acid 
or neutral solution is subject to general acid and base 
catalysis (6).  


The formation of molecular complexes between ribo- 
flavin and various compounds has also been observed 
(7-1 1). Particularly, studies of the charge-transfer com- 
plexes between riboflavin and phenol derivatives have 
received considerable attention, because interactions of 
donor-acceptor type may be quite common in biological 
systems (12). Thus, an understanding of the correlation 
of these properties with the photochemical behavior of 
riboflavin might provide an insight into some of the en- 
ergy transfer and storage mechanisms of living or- 
ganisms. 


Stabilization of riboflavin to light in the presence of 
additives is pharmaceutically important, since certain 
additives were observed to have considerable influence on 
the light stability of the system (13-22). Despite this im- 
portance, very few photochemical kinetic studies have 
been published for riboflavin in the presence of complex- 
ing agents. Therefore, the present study was undertaken 
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Figure 1-The effect of light intensity (wauelength = 363 mp) on 
the phoiodeomposition of riboflavin at 30". Ribofluoiii concentrution 
= 5.0 X I F  M. Key: Light intensity (photonslsec. X A = 
7.63; B = 10.46; C = 12.62; D = 13.66. 


to investigate the effect of certain additives, particularly, 
phenol derivatives and other compounds on the quan- 
tum efficiency of riboflavin. The phenol derivatives em- 
ployed were phenol, p-chlorophenol, p-methoxyphenol, 
resorcinol, and hydroquinone. Benzyl alcohol, cin- 
namyl alcohol, and benzoic acid were also included to  
note the effect of the hydroxyl group conjugated with the 
benzene ring. Kinetic studies were also made to eluci- 
date the mechanism of photodecomposition of ribo- 
flavin in the presence of additives. Temperature, pH, 
wavelength, and concentration were varied during these 
studies. 


There is considerable information on the photode- 
composition products and other compounds related to  
riboflavin using high intensity light sources. Under such 
conditions the photodecomposed products of riboflavin 
complicate the kinetic pattern and the calculation of 
quantum efficiency. Thus a microirradiation method 
developed by Discher et al. (23-25) was chosen for this 
study. 


EXPERIMENTAL 


Instrumentation and Equipment-The irradiation instrumentation 
employed was basically that developed by Discher et a / .  (23-25). 
Since the photodecomposition study was carried out at an elevated 
temperature, slight modifications were necessary on the reaction 
chamber; it was insulated with urethan foam and covered with 
aluminum foil to better maintain temperature at 30 f 0.1". Ir- 
radiation studies were performed only after 1-hr. temperature 
equilibration. 


All solutions were analyzed in the visible region using a Beck- 
man DU spectrophotometer, and the absorption spectra of the 
solutions were obtained with the Beckman DK-2 recording spec- 
trometer. 


Materials-Riboflavin' was used without further purification. 
Other materials employed were phenol, p-chlorophenol, p-methoxy- 
phenol, resorcinol, hydroquinone, benzyl alcohol, cinnamyl 
alcohol, and benzoic acid. All phenol derivatives and aromatic 
alcohols were purified by recrystallization or distillation. 


Photodecomposition Studies-These were conducted under 
aerobic conditions since most pharmaceutical products including 


1 The authors wish to thank Hoffmann-La Roche, Inc., Nutley, N. J., 
for supplying the necessary riboflavin. 
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Table I-The Effect of Intensity of Light on the Quantum 
Efficiency of Riboflavin at 30". Riboflavin Concentration = 5.0 
X M (9.0345 X loL4 molecules/3 ml.) 


Intensity 
Wave- of Light 
length, Photons/sec. 


mp Xl0-I4 


363 13.66 
12.62 


433 


10.46 
7.63 


10.09 
8.72 
7.49 
5.34 


Photons 
Absorbed/ 


Sec. 
x 10-14 


Molecules Average 
Decom- Ouantum 


posed/sec. Efficiency 
x 10-12 x 103 


9.49 
8.67 
6.83 
5.32 


1.62 
6.46 
5.59 
4.03 


I .98 2.08 
1.78 2.05 
1.39 2.04 
1.09 2.05 


Average = 2.06 
I .54 2.02 
I .30 2.02 
1 .11  1.99 
0.79 1.95 


Average = 2.00 


riboflavin are stored in this manner. Few photochemical kinetic 
studies have been reported for these conditions. 


Fresh solutions of riboflavin with and without additives were 
prepared in 0.05 A4 phosphate buffer, pH = 6.8. A 3-ml. sample of 
solution was pipeted into a Teflon-stoppered 1-cm. cell. The irradia- 
tion sample was analyzed by measuring its absorbance at 445 mp 
on the Beckman DU spectrometer immediately before and after 
irradiation. 


The mercury lamp employed showed two intense and sharp 
emission spectral lines at 363 and 433 mp. Since these lines are 
close to the maximum absorbance of riboflavin, photodecomposition 
studies were undertaken at these wavelengths. The intensity of the 
light falling on the reaction cell was determined by measuring the 
galvanometer response as described by Discher et al. (23-25). 
Since the intensity of the mercury lamp changed over a period of 
about 5 hr. by only 1.4% of the initial intensity, it was considered 
essentially constant for the period of irradiation. The quantum 
efficiency of riboflavin was calculated as described also by Discher 
e f  uf. (23-25). The initial rate of photodecomposition of riboflavin 
was determined from the linear portion of a zero-order plot of 
concentration versus time. All irradiation measurements were made 
two or three times. 


l.O t 
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0 60 120 180 240 300 
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Figure 2-Kinetic studies for the photodecompositioii of ribofkuin 
uf mrious coticenfrutions at 363 mp. Key: Concentratioti (moiuriry X 
109 A = 7.5; B = 5.0; C = 3.0; D = 2.5. 







Table 111-The Quantum Efficiency of Riboflavin in the 
Presence of Various Additives at 30" under Aerobic Conditions. 
Riboflavin Concentration = 2.5 X M 


?, 20.0 - 
X 
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PHOTONS ABSORBED X 10-14 


Figure 3-Evaluation of quantum efficiency from a plot of molecules 
decomposedlsec. as a function of photons absorbedlsec. Key: 0, 
light of wavelength 433 mp; and @, light of wavelength 363 mp. 


RESULTS AND DISCUSSION 


Kinetic Studies-The results of the kinetic studies at 363 mp in 
the presence and absence of additives all fit the zero-order kinetic 
pattern rather than a pseudo first-order process. This is illustrated 
in Figs. 1 and 2. However, a linear zero-order relationship deviated 
after 5 hr. of irradiation, i.e., when riboflavin was decomposed by 
more than 35 of initial concentration. This is illustrated in Fig. 1. 
Therefore, the length of exposure time was limited to 5 hr. so that 
the rate of decomposition of riboflavin was calculated from only 
the linear portion of the zero-order plot. When the 433 mp wave- 
length of irradiating light was used a similar zero-order kinetic 
pattern was obtained. 


Basic Quantum Efficiency Studies-The effect of the light in- 
tensity on the quantum efficiency of riboflavin was studied. The 
results of these studies are summarized in Table I (see Fig. 1). 
According to these data the quantum efficiency of riboflavin is 
independent of intensity of light. The number of molecules de- 
composed per unit time is directly proportional to the number of 
photons absorbed per unit time at each wavelength. 


The effect of concentration of riboflavin on its quantum ef- 
ficiency was also investigated. The data are summarized in Table 
I1 (see Fig. 2). These data indicate that quantum efficiency of ribo- 
flavin is constant within the concentration range tested. As shown 
in Table 11, the higher the concentration of riboflavin solution the 
more photons were absorbed and subsequently more riboflavin 
decomposed. According to the above two series of studies the 
quantum efficiency of riboflavin was found to be constant at each 
wavelength employed. 


It was deemed important to note the influence of irradiating 
time on the quantum efficiency of riboflavin. It was found that 


Table 11-The Effect of Concentration of Riboflavin on the 
Quantum Efficiency of Riboflavin at 30" 


Wave- 
length, 


mrr 


Concentra- Molecules 
tion, Decom- 


Molarity posedlsec. 
X I 0 5  x 1 0 - 1 2  


363 7 .5  I . so  
5.0 1.56 
3 .0  1.28 
2.5 1.02 


433 7 . 5  1.64 
5.0 1.18 
3 .O 0.77 


Photons Average 
Absorbed/ Quantum 


SeC. Efficiency 
x 1 0 - 1 4  x 103 


8.88 2.03 
7.58 2.05 
6.29 2.03 
4.74 2.15 


Average = 2.07 
7.63 2.15 
5.93 1.99 
3.75 2.04 


Average = 2.06 


~ ~ ~~~~ 


Concentration of Additives, 
Molarity--------. 


2.5 x 10-6 1 .0  x 10-4 5.0 x 10-4 
Additives 7Quantum Efficiency X 10"- 


Phenol 1.59 1.28 0.74 
p-Chlorophenol 1.46 1.13 0.70 
p-Methoxyphenol 1.65 1.39 0.70 
Resorcinol 1.34 0.35 - 
Hydroquinone 2.94 2.75 1.56 
Cinnamyl alcohol 1.86 2.03 3.22 
Benzyl alcohol 1.98 1.98 1.94 
Benzoic acid 1.82 1.77 1.73 


quantum efficiency of riboflavin initially varied slightly in each 
study, but decreased after 5 hr. of irradiation. Such a result might 
be expected if a photodecomposition product or an intermediate 
quenches excited molecules or if a product of the reaction or an 
intermediate absorbs incident light. 


The quantum efficiency of riboflavin can be evaluated from the 
slope of the plot of the molecules decomposed per unit time as a 
function of photons absorbed per unit time. All data in Tables I 
and I1 are plotted in Fig. 3. A linear relationship was observed 
between molecules decomposed and photons absorbed. This in- 
dicates that the riboflavin photodecomposition, under conditions 
used in this experiment, obeys the first law of photochemistry. 
The slope of the straight line was found to be 2.04 X 
Standard deviation for the measurement of quantum efficiency was 
0.04 X in this study. Theoretical and experimental rates of 
decomposition were compared as functions of the number of 
photons absorbed resulting in a superimposition of the straight 
line plots (not shown). Slopes of both lines were 6.76 X 


Effect of Additives on the Quantum Efficiency-The quantum 
efficiency of riboflavin in the presence of various additives at 


-1'51 \ H 


0 4.0 8.0 12.0 16.0 20.0 
CONCN. OF ADDITIVE/CONCN. OF RIBOFLAVIN 


Figure &Plot of difference in quantum eficiency of riboflavin in 
the presence and absence of additives as a function of the ratio of 
additive concentratioti to riboflavin concentration at 30". Riboflavin 
concentratioti = 2.5 X IF5 M. Key:  A = cinnamyl alcohol; B = 
benzyl alcohol; C = benzoic acid; D = hydroyuinone; E = p- 
methoxyphenol; F = phenol: G = p-chlorophenol; H = resorcinol. 
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Figure 5-A plot of rate of photodecomposition of riboflauin in the 
presence of phenols as a function of Hammett’s sigma value for each 
phenol. Concentration of riboflaain = 2.5 X I O P  M; concentration 
of plienols = 1.0 X M. Key: A = p-methoxyphenol; B = 
phenol; C = p-chlorophenol. 


different concentrations are summarized in Table 111. As shown in 
this table the quantum efficiency of riboflavin was either decreased 
or increased or remained constant depending on the physical 
and/or chemical properties of the additives. Any decrease in quan- 
tum efficiency in the presence of additives would be indicative of a 
photochemical stabilization process. A plot of the difference in 
quantum efficiencies of riboflavin in the presence and absence of 
additives as a function of the ratio of additive concentration to 
riboflavin concentration is shown in Fig. 4. The quantum efficiency 
of riboflavin in the presence of each phenol decreased gradually in 
the same fashion as the concentration of the given phenol was in- 
creased. This is probably due to the formation of the same type of 
complex between riboflavin and the different phenols. Therefore, 
the mechanism involved in the photodecomposition of riboflavin 
in the presence of monophenols may be considered to be similar. 


The p-chlorophenol, which has an electron attracting chlorine 
atom (Hammett’s sigma value = +0.227), lowered the quantum 


A 
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Figure 6-A plot of rate of decomposition ofriboflavin in the presence 
of’benzoic acid, phenol, and resorcinol as a function of quenching ef- 
ficiency (from Reference 2) offluorescence of riboflauin. Key: A = 
benzoic acid; B = phenol: C = resorcinol. 


efficiency more than p-methoxyphenol, which has an electron donat- 
ing methoxy group (Hammett’s sigma value = -0.268). This 
indicates that the inductive and conjugative effects of substituents 
may influence both the stability of the complexes and the rate of 
photodecomposition of riboflavin. The rate of decomposition of 
riboflavin in the presence of phenols are plotted in Fig. 5 as a func- 
tion of their respective sigma values. A linear relationship is ob- 
served in this plot and can be expressed as: 


where Kl = the rate of decomposition of riboflavin in the presence 
of 1.0 X 10-4 M phenol (per min.) and u = Hammett’s sub- 
stituent constant for phenols. 


A linear relationship was observed between the pK values of 
phenols in the ground state and the quantum efficiency of ribo- 
flavin in the presence of the phenol. However, this linear relation- 
ship was not observed when pK* for the excited phenols was sim- 
ilarly plotted. In both the ground and excited states phenols which 
have lower pK and pK* values were found to be more effective in 
lowering the quantum efficiency of riboflavin. This appears to be 
due to the electron attracting chlorine atom in the p-chlorophenol 
which causes the molecule to be a better proton donor and sub- 
sequently giving it a greater tendency to form a stable hydrogen 
bond-type complex than p-methoxyphenol. It has been known that 
the excited molecules in many cases have a greater tendency to form 
hydrogen bonds and that a new equilibrium is reached during 
the life time of the excited states (26). However, none of the phenols 
showed absorbance at the wavelength of irradiating light used. 


The quantum efficiency of riboflavin in the presence of resorcinol 
was significantly decreased as the concentration of resorcinol was 
increased. A possible explanation for this observation would be 
that if the excited molecules have a greater tendency to form a 
hydrogen bond-type complex (26) resorcinol would have a better 
chance to form complexes than a monobydroxyphenol since it has 
two hydroxyl groups. Resorcinol would then be much more ef- 
fective in lowering the quantum efficiency of riboflavin. However, 
in the case of hydroquinone the quantum efficiency of riboflavin 
first increased and then decreased gradually at higher concentra- 
tions. These phenomena indicate that two different reaction mech- 
anisms are involved depending upon the concentration of hydroqui- 
none-uiz, redox-reaction as well as complexation. In the presence of 
lower concentration of hydroquinone the redox-reaction mechanism 
is favored, Le., hydroquinone reduced the riboflavin, which was more 
easily decomposed through a triplet state. Therefore, the quantum 
efficiency of riboflavin was increased in the presence of lower con- 
centration of hydroquinone. However, as the concentration of 
hydroquinone was increased, more of the complex(es) form($, there- 
by stabilizing riboflavin. 


It is interesting to note that when a riboflavin (2.5 X 10-5 M )  
solution was irradiated in the presence of a higher concentration 
(5.0 X M )  of resorcinol a red-brown colored solution resulted. 
The irradiation of a resorcinol solution (5.0 x 10-4 M )  alone did 
not produce the colored product under the same conditions. Fur- 
thermore, in the ground state the colored products did not appear. 
Thus it is considered that the reaction involves interaction of ribo- 
flavin with resorcinol under irradiation. The colored solution had a 
maximum absorbance at 477 mw. It was found that the photode- 
composition product of resorcinol (1.0 X 10W M )  formed after 
78 hr. of irradiation also had this absorbance maximum. It is 
concluded, therefore, that the photooxidation of resorcinol was 
sensitized tremendously by the presence of riboflavin. 


On the basis of these experiments it is clear that the photody- 
namic behavior of riboflavin in the presence of phenols is com- 
plicated and several other explanations are possible for the reduc- 
tion of the quantum efficiency of riboflavin in addition to the com- 
plexation mechanism. It may be speculated that there might exist a 
direct transfer of the exicitation energy from riboflavin to phenols, 
probably a triplet-triplet transfer may be an acceptable explanation 
of the phenomena observed. 


The quantum efficiency of riboflavin in the presence of 2.5 X 
M concentration of cinnamyl alcohol was found to decrease 


but it then increased as the concentration of cinnamyl alcohol was 
increased. In the case of benzyl alcohol the quantum efficiency of 
riboflavin was very slightly decreased initially and remained essenti- 
ally constant as the concentration of benzyl alcohol was increased. 
When in the presence of benzoic acid the quantum efficiency of 
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riboflavin was found to be sightly lower than that of riboflavin in 
the presence of benzyl alcohol and also remained essentially con- 
stant as the concentration of benzoic acid was increased. All three 
compounds were found to be less effective than the phenols in 
lowering the quantum efficiency. Therefore, it is considered that 
the hydroxyl group attached to the benzene ring must be conjugated 
with the benzene ring in order to be an effective stabilizer for the 
photodecomposition of riboflavin. 


The cinnamyl alcohol, which has a conjugated double bond with 
the benzene ring, behaves entirely differently from benzyl alcohol 
and phenol in these irradiation studies. It is considered that cinnamyl 
alcohol is photochemically interacting with riboflavin as an elec- 
tron donor. It is well known that alcohols are good electron 
donors and are photooxidized in the presence of riboflavin 
(21). However, in the case of benzyl alcohol there was no photo- 
chemical interaction between riboflavin and benzyl alcohol except 
possibly hydrogen bonding or a solvent effect. It has been reported 
that benzyl alcohol does not form complexes and does not quench 
the fluorescence of riboflavin (2, 9). However, benzoic acid does 
quench the fluorescence of riboflavin slightly (2). Therefore, it is 
obvious that the addition of benzoic acid can affect the excited 
state of riboflavin and lower its quantum efficiency more effectively 
than benzyl alcohol. 


The rate of photodecomposition of riboflavin in the presence of 
resorcinol, phenol, and benzoic acid are plotted in Fig. 6 as a 
function of their quenching efficiency (2) of the fluorescence of ribo- 
flavin. There appears to be a direct correlation between the rate of 
decomposition and quenching efficiency, i.e., the rate of decomposi- 
tion of the riboflavin is decreased in the presence of a substance 
which has a higher quenching efficiency. Mataga (26) and El- 
Bayoumi (27) ascribed this quenching effect to the formation of the 
hydrogen bond type of complex. 


The Effect of Temperature-The quantum efficiency of riboflavin 
in the absence and presence of phenol as a function of temperature 
is shown in Fig. 7. Separately an Arrhenius plot was constructed 
over the temperature range of 20 to 30", which showed that the 
reaction had a greater temperature dependence in the absence of 
phenol. The activation energies, calculated from the slope of the 
Arrhenius plots, were 8.94 kcal. in the absence of phenol and 6.25 
kcal. in the presence of phenol ( I  .O X 1 0 - ~  M ) .  


The Effect of pH-Since phosphate buffer also affects the rate of 
decomposition of riboflavin all samples were prepared in water by 
adjusting pH with hydrochloric acid and sodium hydroxide. Figure 
8 presents the pH effect on the quantum efficiency of riboflavin 
first in the absence and then the presence of phenol as an additive. 
When phenol was added to a riboflavin solution at constant pH it 
was found that the quantum efficiency decreased. These phenomena 
indicate that the reduction of the quantum efficiency is not merely 
due to a pH effect but that the phenol itself is hindering the excitation 
process of riboflavin and thereby stabilizes it. Since the protonated 
riboflavin is essentially stable to light and does not fluoresce, the 
riboflavin becomes quite stable toward photodecomposition below 
pH 3. 


Kinetic Analysis-Oster et a/. (1  8 )  proposed a kinetic scheme for 
the photoreduction of riboflavin illustrating the role of the triplet 
state in the reaction. Such a scheme can be applied to the present 
study with certain modifications. On the basis of the present in- 
vestigation the following reaction mechanism is proposed. 


Riboflavin absorbs light to give the first electronically excited 
species, Rf * , 


Rf -' Rf* (Eq. 2) 
ki 


This excited Rf* may fall to the ground state with the emission of 
fluorescence and the production of heat, 


Rf* __+ Rf + hv 


Rf* - Rf + heat 


(Eq. 3 4  


(Eq. 36) 


h a  


kzb 


Equations 3a and 36 indicate deactivation of the first excited singlet 
state by fluorescence (kz,) and a radiationless process (kzb), re- 
spectively. For the purpose of simplification of the kinetic mech- 
anism, these two processes can be expressed as follows: 


Rf* ___t Rf + hv/heat (Eq. 3c) 
k? 
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Figure I-Quantum eflciency as a fwction of temperature. Key: 
A = quantum efficiency of riboflavin it7 the abseuce of phenol; B = 
quantum efficiency in thepresence ofphenol(1.0 X M). 


where k2 = k2. + k2h 


to a long-lived (triplet) state, Rf', through electronic vibration. 
Alternatively the singlet excited species, Rf*, undergoes transition 


Rf* A Rf'  (Eq. 4) 
k3 


This long-lived species may fall to the ground state, with the evolu- 
tion of heat, and possibly phosphoresce, 


Rf' A Rf + hv (Eq. 5 4  


Rf' - Rf + heat (Eq. 5h) 


kra 


k4b 


Equation 56 indicates deactivation of the triplet state by a radia- 
tionless transition (k4b). Again in order to simplify the kinetic 
mechanism the two above processes can be expressed as follows: 


Rf' - Rf + hv/heat (Eq. 5c) 
k4 


where k4 = kao + k4b 
The long-lived species may undergo transition to a more reactive 


species or may react directly to form various photodecomposed prod- 
ucts. The kinetic mechanisms are simplified at this point to in- 
clude all possible reactions with the triplet state in one rate 
constant, ks, 


Rf' ___f products (Eq. 6 )  
k5 


The addition of quencher, Q ,  reduces the rate of decomposition 
of riboflavin by affecting the singlet and triplet excited states. It 
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Figure 8-The effect of p H  on the quantum eficietrcy of riboflavin 
in the presence and absence of phenol. Key: A = riboflucin otzly 
(2.5 X I k 5  M ) ;  B = riboflavin withphenol(5.0 X M). 
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will probably quench the fluorescence and phosphorescence of the 
riboflavin and the excited species may fall to the ground state. 
During these processes there might exist a direct transfer of the 
excitation energy from the riboflavin to  the quencher with the 
resulting formation of an excited complex. These new species may 
then dissociate to riboflavin and the excited quencher. The con- 
jugative and inductive effects of substituents of a quencher (phenol) 
might show an influence on the stability of the excited complex. 
The excited quencher may finally be decomposed. The photo- 
sensitization of resorcinol in the presence of riboflavin can be ex- 
plained by this mechanism. 


Rf* + Q (Rf-Q)* -+ Rf + Q* (Eq. 6a) 


Rf’ + Q (Rf-Q)’ + Rf + Q’ 0%. 7 4  


If the excited complex is assumed to be short-lived the overall reac- 
tions can be simplified as follows: 


Rf* + Q --+ Rf + Q* (Eq. 6b) 


Rf‘ + Q 7 Rf + Q’ (Eq. 7b) 


Using steady state assumptions regarding the transient species 
Rf* and Rf’, the overall rate of photodecomposition of riboflavin 
can be expressed as follows: 


k6 


where I = intensity of irradiating light. 
The quantum efficiency of the reaction, 6, is equal to the overall 


rate divided by the initial rate. Therefore, the quantum efficiency 
can be expressed in terms of the rate constants: 


This equation indicates that the quantum efficiency of riboflavin is 
proportional to kZ and k5, i.e., the mechanism of the photode- 
composition of riboflavin involves mainly the long-lived (triplet) 
state. This equation also expresses the quantum efficiency of ribo- 
flavin to be inversely proportional to the concentration of quencher. 
This relationship is well demonstrated experimentally in Fig. 4. 
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Factors Affecting the Synthesis of Penicillinase by 
Staphylococcus Aureus 


R. F. BOYD and JOSEPH JUDIS 


~~ 


Abstract 0 The effects of aeration, ferric ions, porphyrins, and 
disodium versenate were studied on the production of penicillinase 
(ps) by Staphylococcus aureus 55-C-1 in synthetic medium. The 
production of ps was twice as high in shaken compared to static 
cultures although growth ultimately was the same. Ferric ions in a 
concentration of 2.5 X M had some stimulatory effect on ps 
production in static cultures but caused much greater ps stimula- 
tion in shaken cultures. This stimulatory effect could be demon- 
strated only if ferric ions were added prior to 3 hr. of incubation. 
Hemin in a concentration of 2.5 X Mdepressed ps production 
in the presence of ferric ions but one-tenth the concentration of 
hemin did not. Hematin in the same concentration was without effect. 
Protoporphyrin in a concentration of 2.5 X M inhibited 
growth in the absence of ferric ions and depressed ps production in 
the presence of ferric ions. One-tenth the concentration of pro- 
toporphyrin had no effect on growth but depressed ps production 
and only slightly depressed ps production in the presence of ferric 
ions. A concentration of 2.5 X 10-6 M hematoporphyrin inhibited 
ps production in the presence of ferric ions when the former was 
added early in the growth curve. Disodium versenate in a con- 
centration of 1.32 X lou5 M in the presence of ferric ions permitted 
good growth but no ps production. 


Keyphrases 0 Penicillinase production-Staphylococcus aureus 0 
Aeration, shaking effect-penicillinase production 0 Porphyrins, 
ferric ions, disodium versenate, effect-penicillinase production 0 
Optical density-S. aureus growth determination 0 Manometric 
determination-penicillinase 


Abraham and Chain (1) were the first to show that 
certain bacteria produce an enzyme capable of hy- 
drolyzing penicillin. Since the latter paper was published 


in 1940, a number of workers have demonstrated that 
the resistance of strains of Staphylococcus aureus to  
penicillin was related to the production of penicillinase, 
the enzyme which was shown to hydrolyze penicillin. 
Although in some studies penicillin resistance was 
demonstrable in the absence of penicillinase production 
(2, 3), there seems to be good correlation between the 
ability of staphylococci to  produce penicillinase and to 
be resistant to  the action of penicillin both in uitro and 
in uiuo (4-6). Penicillinase production has been similarly 
implicated in penicillin resistance of Bacteroides sp. (7). 


In some microorganisms, penicillinase has been 
found to be an inducible enzyme and many studies (8-12) 
have concentrated on the nature of the induction of 
penicillinase elaboration. Some strains of S. aureus 
produced penicillinase constitutively (13, 14) and a 
number of workers have been concerned with the 
conditions and factors affecting constitutive produc- 
tion of penicillinase. It was felt that if the factors which 
control or affect penicillinase production in a strain of 
S. aureus producing penicillinase constitutively could 
be identified, it was possible that this knowledge could 
be applied ultimately in the treatment of an infection 
caused by a penicillinase-producing strain of S. uureus. 
That is, a strain which otherwise would be resistant to 
penicillin could be made susceptible to  the action of 
penicillin if penicillinase production could be inhib- 
ited by the concurrent administration of a nontoxic 
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substance inhibiting the production of penicillinase 
by these microorganisms. A study was, therefore, un- 
dertaken to examine the effects of several conditions 
and substances on the production of penicillinase by a 
strain of S.  aureus producing this enzyme constitutively. 
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MATERIALS AND METHODS' 


t I~J 0 0 %  1 1 1  I 


Materials-The culture media used in all experiments was that 
used by Wright and Mundy (15) with certain modifications made 
by Leitner and Cohen (14). The medium was made up in two 
separate portions. Solution 1 contained the following: L-leucine, 
0.8 g.; L-tryptophan, 0.025 g. ; L-proline, 0.05 g. ; DL-phenylalanine, 
0.26 g.; DL-threonine, 0.5 g.; L-histidine monohydrochloride, 0.15 
g.; L-tyrosine, 0.21 g.; DL-valine, 1.00 g.; L-arginine monohydro- 
chloride, 0.4 g.; L-glutamic acid, 0.65 g.; DL-Serine, 0.61 g.; gly- 
cine, 0.06 g.; m-methionine, 0.05 g.; DL-alanine, 0.43 g.; DL- 
lysine monohydrochloride, 1.70 g.; L-aspartic acid, 0.45 g.; DL- 
isoleucine, 0.44 g.; L-cystine, 0.05 g. The above amino acids were 
dissolved in a solution consisting of 482 ml. of distilled water and 
18 ml. of 4% NaOH. Solution 2 contained the following minerals 
and vitamins; KCl, 0.2 g.; MgSO4.7H20, 0.1 g.; thiamine hydro- 
chloride, 0.01 g., and nicotinamide, 0.01 g. These chemicals were 
dissolved in 500 ml. of distilled water and then mixed with Solution 
1, cleared by filtration, and the pH adjusted to 7.2 using 1 N HCl. 


, o  


1 The culture used in all experiments was Staphylococcus aureus 
strain 55-C-1 obtained from Drs. Felix Leitner and Sidney Cohen, 
Department of Microbiology, Michael Reese Hospital and Medical 
Center, Chicago, Ill. (14). 


The medium was autoclaved for 15 min. at 15 pounds of pressure. 
The culture was maintained on nutrient agar and transferred 
monthly. 


The experimental cultures were grown in side-arm, 300-ml. 
flasks (Bellco No. 10-514, 14 X 130 mm.) containing a total volume 
of 40 ml. of medium including all other additions. The flasks were 
inoculated with 0.3 ml. of a 24-hr. statically grown culture which 
had reached an optical density of 0.30 (measured in 16 X 150-mm. 
screw-cap test tubes at 625 mp in a Bausch & Lomb Spectronic 
20 spectrophotometer). Also added was 0.2 ml. of 50% dextrose. 
Any pH adjustments were made with 1 N HCl. During typical 
growth experiments, samples were removed at various time in- 
tervals and frozen until assayed for penicillinase activity. The period 
of storage at -10" never exceeded 24 hr. and in preliminary ex- 
periments, it was found that the penicillinase activity of samples 
stored for various periods of time up to 24 hr. under these frozen 
conditions did not vary by more than 10% from the values of the 
samples prior to freezing. Thawing of the samples up to three times 
within a 24-hr. period of storage in the frozen state yielded similar 
results, that is, penicillinase activities varying by no more than 
10% from that of the fresh sample prior to freezing. Optical den- 
sity measurements of cell suspensions were made at 625 mp in a 
Bausch & Lomb Spectronic 20 spectrophotometer in all cases and 
optical density measurements were related to viable cell counts as 
had been determined by Steinman (16) and confirmed by the present 
authors. An optical density of 0.102 in a 14 X 130-mm. side-arm 
flask was equivalent to 1.7 X 108 cells/ml. 


Methods-Penicillinase was measured manometrically at 37" 
and pH 7.46 by the method of Henry and Housewright (17) because 
this has been the most commonly used method by other investiga- 
tors especially with whole cells. The main compartment of the 
Warburg flasks contained 2.0 ml. of chloramphenicol succinate 
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solution (200 mcg./2 ml. of 0.017 M NaHC03) and 0.5 ml. of dis- 
tilled water. One side-arm contained 0.5 ml. of bacterial suspension. 
Bacterial cultures were centrifuged and the cells resuspended in the 
same volume of distilled water. The other side-arm of the two side- 
arm Warburg flasks contains 0.2 ml. sodium penicillin G (12 mg./ 
0.2 ml. of 0.017 M NaHC03). The flasks were flushed with 5% 
carbon dioxide and 95% nitrogen for 15 min. Following equilibra- 
tion, the contents of the side-arms were tipped into the main com- 
partments and measurements taken every 5 min. Occasional assays 
of the supernatant were made, and it was found that 95% of the 


Table I-Penicillinase Production in Shaken and Static Cultures 


enzyme was associated with the bacterial cells. Activity was ex- 
pressed as microliters of carbon dioxide per hour per 1.7 X lo8 
cells/ml. 


Culture flasks were shaken on a Burrel Wrist Action shaker to 
effect aeration. Ferric chloride (6H20) was dissolved in distilled 
water and autoclaved. The porphyrins were dissolved in distilled 
water, the pH adjusted to 7.6, and the solution sterilized by Seitz 
filtration. Adjustment of pH was necessary because the porphyrins 
tend to precipitate out of solution at lower pHs. 


Biochemicals (Nutritional Biochemicals Corp. or the California 
Corporation for Biochemical Research) and chloramphenicol 
succinate (Parke, Davis & Co.) were used and all other chemicals 
were of reagent grade. 


Time of 
Incuba- Yield of RESULTS AND DISCUSSION 


Cultural tion, Optical Penicil- 
Conditions hr. Density linasea The effect of the degree of aeration of the cultures on penicillinase 


production can be seen from the data presented in Table I. Although 
more vigorous aeration as shown by a 1.5-cm. stroke did not give 


0.677 50 greater yield than more moderate aeration, penicillinase production 
in aerated cultures was clearly greater than in static cultures. This 30 0.745 109 
effect was observed even though the final cell density reached in 48 0.796 147 


stroke amplitude 12 0.221 0 static cultures was equivalent to that reached in shaken cultures. 
24 0.770 100 The addition of ferric ions was studied on penicillinase production 
48 0.854 123 in both static and shaken cultures (Figs. 1-3). Penicillinase produc- 


Static 12 0.337 20 tion in static cultures was only slightly affected by the addition 
24 0.523 37 of ferric ions. However, these ions were clearly stimulatory to 


penicillinase production in shaken cultures at either of the two 48 0.658 50 
stroke amplitudes used. In order to gain some clue as to the mech- 72 0.745 50 
anism by which ferric ions may be stimulatory to penicillinase 


96 0.824 65 


production, the time of addition of the ferric ion and the age of the 
cultures were studied. From Fig. 4, it can be seen that if ferric ions 


Shaken, 0.8 cm. 
stroke amplitude 24 


Shaken, 1.5 cm. 


The units ofpenicjllinase activity are microliters ,,fCOn/hr/1.7 108 
cells/ml. 
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Figure %-The  effect of ferric ions on the production of penicillinase 
ferric ions. (b) 2.5 X Mfinal concentration of ferric ions. (c) 2.5 
centration of ferric ions. Key: 0, penicillinase; X ,  growth. 


are added at 0 or 3 hr, of incubation, the stimulatory effects are 
seen but if added after that time, there is a decreasing effect on 
penicillinase production. 


Sack (18) and Sack and Judis (19) showed that certain porphyrin 
compounds affected the production of coagulase by S. oureus and 
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Figure 4-ZnprCnce of time of addition of ferric ions on the stimula- 
tion of penicillinase production in shaken cultures of S. aureus. 
Ferric ions, in a final concentration of 2.5 X M were added at 
the following times of incubation: (a) 0 hr.; (b) 3 hr.: (c) 6 hr.; 
(d) 9 hr.; (e) 12 hr.; (f) no added ferric ions. The growth curve shown 
is a composite of the individual growth curves for (a) through ( f ) .  Key: 
O,A;A,B;A,C; n,D;m,E;O,F;  X,growth. 
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in cultures of S. aureus shaken at an amplitude of 1.5 em. (a) no added 
x 10-6 Mfinal concentration of ferric ions. (d) 2.5 X I W  M final con- 


it was of interest to determine whether such compounds would 
affect penicillinase production by this organism. Hemin (Fig. 5) in a 
concentration of 2.5 X M depressed penicillinase production in 
the presence of ferric ions, but in a concentration of 2.5 X M 
this depression did not appear. Hematin, in the presence of ferric 
ions, had no effect on penicillinase production as stimulated by 
ferric ions (Fig. 6). Protoporphyrin, in a concentration of 2.5 X 


225 


W 


Lc 
n 


0 


w > 
0 


0.8 
> 
I- 


b 
0.20 


0 


0 3 6 9 1 2  24 48 
TIME, hr. 


Figure 5-Effect of hemin on the production of penicillinase by S. 
aureus in shaken cultures. The concentration of ferric ions, where 
added was 2.5 X lP4 M. (a) No added heniin or ferric ions. (b) 
Ferric ions added to afinal concentration of 2.5 X I P 4  M. (c) hemin 
added at a Jinal concentration of 2.5 X M .  (d) Both hemin and 
ferric ions added. The growth curve shown is a composite of the in- 
dividual curve for (a) through (d). Key: ., neither hemin or ferric 
ions added; A, ferric ions added; 0, hemin added: 0,  both hemin 
and ferric ions added; x ,growth. 
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Figure &Effect of hematin on the production of penicillinase by S. 
aureus in shaken cultures. The concentration of ferric ions, where 
added, was 2.5 X 1P4 M. (a) Hematin added at a concentration of 
2.5 x 1 0 - 6  M, (b) Ferric ions added only. (c) Hematin (at same con- 
centration as in a) and ferric ions added. (d) Neither hematin nor 
ferric ions added. Key: 0, hematin added: A, ferric ions added only: 
0, hematin andferric ions added; 0, neither hematin nor ferric ions 
added; X, growth. 


10-6 M inhibited the production of penicillinase but had no 
effect on growth (Fig. 7). In the presence of ferric ions, there was 
observed a slight decrease in penicillinase production when added 
at 0, 3, or 6 hr. of incubation but had no effect after 6 hr. of incu- 
bation. At a concentration of 2.5 X M, protoprophyrin in- 
hibited both growth and penicillinase production but not in the 
presence of ferric ions (Fig. 8). 


Hematoporphyrin, at a concentration of 2.5 X lop6 M ,  in- 
hibited both growth and penicillinase production in the absence of 
ferric ions and was capable of inhibiting growth in the presence of 
ferric ions to a considerable extent. When the concentration of 
hematoporphyrin was reduced to 2.5 X 10P M ,  growth was not 
affected although penicillinase production was reduced (Fig. 9). 
The addition of ferric ions overcame the inhibition of growth and 
penicillinase production if the hematoporphyrin was added as 
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Figure 7-Effect of protoporphyrin on the production of penicillinase 
by S. aureus in shaken cultures. The concentration of ferric ions, 
where added, was 2.5 X 10-4 M. (a) Neither protoporphyrin nor 
ferric ions added. (b) Ferric ions only added. (c) Protoporphyrin 
added at a concentration of 2.5 X 10P M. (d) Protoporphyrin (same 
concentration as in c) and ferric ions added. Key: 0, neither pro- 
toporphyrin nor ferric ions added: A, ferric ions onIy added; ., 
protoporphyrin added: 0, protoporphyrin and ferric ions added: 
X I  growth (composite of individualgrowth curves). 
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Figure &-Effect of protoporphyrin on the production of penicillinase 
by S. aureus in shaken cultures. The concentration of ferric ions, where 
added, was 2.5 X lo-‘ M. (a) Protoporphyrin added at a concentra- 
tion of 2.5 X IP6 M .  (b) Protoporphyrin (same concentration as in 
a) and ferric ions added. (c) Ferric ions only added. ( d )  Neither 
protoporphyrin nor ferric ions added. Key: 0, protoporphyrin added: 
A, protoporphyrin and ferric ions added; 0, ferric ions only added; 
8,  neitherprotoporphyrin nor ferric ions added; X, growth. 


late as after 9 hr. of incubation but penicillinase production was in- 
hibited if the porphyrin was added at 0, 3, or 6 hr. of incubation. 
The data obtained in the studies on the effects of disodium versen- 
ate are represented in Fig. 10. A concentration of disodium versen- 
ate of 1.32 X 10P M permitted good growth but no penicillinase 
production. Reduction in concentration of the disodium versenate 
to 6.7 x 10-6 M also permitted good growth and only moderate 
production of penicillinase and a further reduction of the concentra- 
tion of disodium versenate to 3.35 X 10-6 M permitted both 
good growth and good penicillinase production. In all of these 
studies, ferric ions were present and whether the disodium versenate 
was added at 0 hr. of incubation or 12 hr., the results obtained were 
the same. 


It is interesting to speculate on the mechanism by which ferric 
ions stimulate the production of penicillinase. In experiments in 
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Figure %Effect of hematoporphyrin on the production of penicil- 
linase by S. aureus in shaken cultures. The concentration of ferric 
ions, where added, was 2.5 X IP4 M. (a) Hematoporphyrin added 
at a concentration of 2.5 X M. (b) Ferric ions only added. (c) 
Both ferric ions and hematoporphyrin added. (d) Neither ferric ions 
nor hematoporphyrin added. Key: 0, hematoporphyrin added; 
0, ferric ions only added; A, both ferric ions and hematoporphyrin 
added; 0 ,  neither ferric ions nor hematoporphyrin added: X, growth. 
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Figure l ( tEffec t  of disodium oersenate on the production of peni- 
cillinase by S. aureus in shaken cultures. The concentration of ferric 
ions, where added, was 2.5 X I O W  M. (a) Neither ferric ions nor di- 
sodium versenate added. (b) Ferric ions only added. (c) Disodium 
versenate added in a concentration of I.32 X 10-6 M and ferric ions. 
(d) Disodium uersenate added in a concentration of 6.7 X 1 0 - 6  M 
and ferric ions. (e) Disodium verseitate added in a concentration OJ 
3.35 X IF6 M and ferric ioiis. Key: 0, neither ferric ions nor di- 
sodium versenate added: e, ferric ions anly added: A, disodium 
cersenate added--1.32 X 10-6 M and ferric ions; A, disodium 
uersenate added-6.7 X 10-6 M and ferric ions; U, disodiurn ver- 
senate added-3.35 X 10-6 M and ferric ions: X , growth. 


which the time of addition of ferric ions to the culture was varied, 
it was seen that maximal stimulation of penicillinase production by 
ferric ions occurred if the latter were added early in the growth 
period. It is during this time that RNA synthesis and protein syn- 
thesis are most active and possibly some inhibitor either in the 
medium or produced by the microorganism is present and it is the 
latter which ferric ions are inactivating. Also, perhaps ferric ions 
may be inhibiting the synthesis of a repressor substance as suggested 
by Cohen et al. (20). For example, Rogers (21) who studied the 
relationship between growth of S. aureus and hyaluronidase pro- 
duction found that early in the growth curve, cellular growth was 
more rapid than enzyme production and at a certain time, the 
reverse was true. The initial lag in the formation of the enzyme was 
found to be primarily due to accumulation of a-amino butyric 
acid, which was subsequently (22) found to inhibit the formation 
of the enzyme. In the authors' studies with penicillinase, it was 
found that in the presence of ferric ions, penicillinase is produced 
rapidly and subsequently drops. This might lead one to believe 
that the penicillinase formed in the presence of ferric ions is an 
unstable one but further studies comparing the stability of the 
staphylococcal penicillinase and commercially purchased penicil- 
linase indicated no difference in stability. It is possible that the role 
of ferric ions is to inhibit the production of something analogous 
to the a-amino butyric acid found by Rogers to affect the produc- 
tion of hyaluronidase. 


Perhaps the inhibitory effects shown by porphyrins can be re- 
lated to their ability to coordinate with inorganic ions (23). Diso- 
dium versenate is known to form a strong metal complex with ferric 
ions and perhaps inhibit the production of penicillinase by making 
the stimulatory effect of ferric ions impossible. It should be of inter- 
est to explore the effect of disodium versenate on the course of 
staphylococcal infections in experimental animals, especially the 
ability of penicillin to eradicate infections caused by penicillin 
resistant staphylococci. If, indeed, disodium versenate is able to 
inhibit the production of penicillinase by a penicillin resistant 
staphylococcus, the latter should become amenable to penicillin 
therapy. 
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Nevertheless, on acid hydrolysis the compound gave herniarin. 
The formation of herniarin may be accounted for by the transforma- 
tion of the liberated 2-hydroxy-4-methoxy-trans-cinnamic acid (IV, 
Scheme 11) to the cis-form in presence of hydrogen ions. However, 
enzymatic hydrolysis did not give herniarin but gave 2-hydroxy-4- 
methoxyethyl trans-cinnamate (IV) which was found to be less 
mobile on paper than herniarin. The structure of the glucoside (I) 
was also ascertained through its de-ethylation to the free-acid gluco- 
side (111) which was identical in every respect with authentic material 
prepared synthetically (7). 


SUMMARY 


2-Glucosyloxy-4-methoxyethyl trans-cinnamate was isolated in a 
crystalline form from the alcoholic extract of Prunus mahaleb L. 
fruit kernels. The structure of this compound was proved by IR, 
NMR, and mass spectra. It was further ascertained by de-ethylation 
of the compound to the free-acid glucoside which was identical with 
authentic material. On acetylation, it afforded a tetraacetate, the 
spectral studies of which (IR, NMR, and mass spectra) assured the 
suggested structure. On acid and enzymatic hydrolysis, it afforded 
glucose which was identified by chromatographic techniques. 


REFERENCES 


(1) M. El-Dakhakhny, Plunta Med., 12, 181(1964). 


(2) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” 
2nd ed., Methuen & Co. Ltd., London, England, 1964, pp. 8,34, 
96, 132. 


(3) S. M. Partridge, Biochem. J. ,  24, 238(1948). 
(4) M. A. Jermyn and F. A. Isherwood, ibid., 44,4020949). 
(5) H. F. Linskens, “Papierchromatographie in der Botanik,” 


(6) S. M. Mukherjee and H. C. Stivastana, Nature, 169, 330 


(7) S. A. Brown, Phytochemistry, 2, 137(1963). 


2nd ed., Springer-Verlag, Berlin, West Germany, 1959. 


(1952). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 4, 1969, from Trent University, Biochemistry 


Accepted for publication October 10, 1969. 
The author thanks S. A. Brown, Professor of Chemistry, 


Trent University, for his interest and for permitting the completion 
of this work in his department. Thanks are extended to Prof. R. 
Hansel and Dr. H. Rimpler of the Institute Pharmacognosy, Free 
University of Berlin, and Prof. M. B. E. Fayez of the National 
Research Centre, Cairo, UAR, for their interest; also to Dr. Schulz 
of Schering, Berlin, for help with NMR and mass spectra inter- 
pretations. 


Present address: Department of Pharmacology, Medical Faculty, 
Alexandria University, Alexandria, UAR. 


Department, Peterborough, Ontario, Canada. 


Tablet-to-Tablet Variation of Drug Content of Sugar-Coated 
Tablets Containing Drug in the Sugar Coat 


J. THUR(I1 CARSTENSEN*, ARNOLD KOFF, J. B. JOHNSON, and S. H. RUBIN 


Abstract In dosage forms where active drug is added to a sugar 
coat, it may be shown that the distribution of assays should be 
normal and the standard deviation should be proportional to the 
square root of the number of coats. Although, in a series of batches, 
the standard deviation was found linearly related to the square 
root of the number of coats, the plot failed to intersect at the origin 
and did not have the required slope, presumably due to secondary 
contributions to the variation such as pan build-up. 


Keyphrases 0 Drug content variation-sugar coating, tablets 0 
Tablet coatingsdrug content variation 0 Core size, tablets- 
coating drug content variation 0 Coatings, tablet-drug content 
relationship 


~~~ -~ ~~ 


In recent years, several publications have dealt with 
tablet-to-tablet variation of uncoated tablets or com- 
pression coated tablets, Garrett (1) and Garrett and 
Olson (2) have studied the problem from the point of 
view of content of drug; Brochmann-Hanssen and 
Medina (3), Smith et al. (4), Lazarus and Lachman (5) ,  
and Airth et al. (6)  analyzed the situation from the 
point of view of weight variation. Some publications, 
e.g., those of Lachman et al. (7) and Kaplan (S), con- 
clude that statistical variation may be used as a means 
of evaluating processes; whereas others, e.g., those by 
Grundman and Ecanow (9) and French et aZ. (lo), have 
been concerned with the problem of statistical sampling. 


The inherent variations in sugar-coated tablets have 
been touched upon by Bhatia ( 1  l), but this paper aims 
not at the st,atistical variation to be expected but rather 


Table I-Tablet-to-Tablet Variation of Sugar-Coated Tablets, 
Showing Standard Deviation as a Function of Number of Coats, n 


Average Drug 
Content per 


102 x SD Tablet (np), Number of 
Coats (n) v‘i (a, mg. mg. d n G  


~~ ~ 


1 1 .oo 1.6  0.120 0.347 
2 1.41 3.0 0.244 0.494 
6 2.45 12.5 0.693 0.835 


11 3.32 19.3 1.214 1.102 
13 3.61 23.6 1.456 1 ,208 
16 4.00 22.5 1.790 1.340 


on the effect of incompatibilities. Anderson and Sakr 
(12), in a comprehensive treatment of the statistics of 
sugar coating, studied the mean line average as a pa- 
rameter, since smoothness of the tablet was their main 
point of discussion. Since some coated tablets contain 
the active component in the sugar coat, it would appear 
important to know whether expected statistical varia- 
tions might apply in such a situation. Mattocks (13) 
has pointed out the problem associated with uniformity 
of coating, and Butensky (14) has found that, weight- 
wise, the coefficient of variation rises to a maximum 
of 7 %  at a stage prior to  the final subcoating. The 
work by Anderson and Sakr (12) also implies that the 
coefficient of variation of the mean line average appears 
to level off at a certain stage of the coating operation, 


Vol. 59, No. 4, Aprir 1970 0 553 







Table 11-Results of Applying an Active Drug in Sugar Coating, Showing Distribution of Assays after the First Coats 


Range, mg. Actual Assays, mg." 
Number of Fraction of Fraction Expected if 
Occurrences Total Normally Distributed 


<O ,087 
0.087-0.103 


0.1040.1l9 


0.1194.135 


0.135So. I54 


>O. 154 


0.099, 0.100, 0.096, 


0.118, 0.107, 0.113 
0.101, 0.102 


0.117. 0.116. 0.109 
0.123, 0.132, 0.123 


0.149, 0.135, 0.143 
0.128, 0.125 


0.  I52 


0 0 0.001 
5 0.25 0.34 


6 0.55 0.50 


5 0.80 0.84 


4 1.00 0.999 


0 1 .oo 1 .oo 
a Average assay 0.1 19 mg., SD 0.016 mg. 


and, thereafter, the coefficient of variation remains 
fairly constant with increasing weight. 


In  studying the drug content uniformity in the coating 
of tablets, it has been the experience of the authors that 
the size of the tablet affects the final tablet-to-tablet 
variation. The aim of the investigation reported here 
is an analysis of this point and of the statistical as- 
sumptions which can and cannot be made. 


EXPERIMENTAL 


Deep concave placebo tablet cores were enteric coated, and sub- 
coats were added in conventional fashion in an 81.31-cm. (32-in.) 
tablet-coating pan. The drug, which had an exceedingly low water 
solubility, was micronized and then added in form of a suspension 
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Figure 1-The standard deviation of assayed drug content of tablets 
as a function of the square root of the number of coats (upper scale) and 
the square root of the amount of drug found per tablet (lower scale). 
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Figure 2-Sugar-coated tablets with drug in sugar coat: 2 X sian- 
darddeuiation as a firrrction of tablet size. 


in a gelatin-acacia syrup. Sixteen applications of equal weight were 
used to accomplish a total addition of 1.79 mg. of drug per tablet. 


Twenty tablets were removed and assayed individually after the 
first and 16th applications, and 10 tablets were removed and assayed 
after the 2nd, 6th, 1 lth, and 13th applications. The average drug con- 
tent and the standard deviations were calculated for each sample. 
The standard deviations obtained after the various coats are listed 
in Table I. The results are shown graphically in Fig. 1. The indivi- 
dual results from the sample taken after the first coat are listed in 
Table 11. 


Four additional batches were made, using the same coating pro- 
cedure and tablet core (120 mg.), but assays were only performed on 
the final tablet (20 individual tablets). One batch was made with a 
100-mg. core, two batches were made with a 160-mg. core, and three 
batches were made with a 175-mg. core, again employing the same 
manufacturing procedure but only assaying 20 individual tablets 
of the final product. Seven batches of tablets of four other active 
compounds were produced and assayed in a similar fashion, using 
different core sizes (120, 175, 300, and 390 mg.). The tablet-to-tablet 
variation of the final tablets appeared normally distributed; the re- 
sults from all 18 batches are shown in Figs. 2 and 3. 


RESULTS AND DISCUSSION 


The data in Table I1 and Fig. 4 imply a normal distribution of the 
assays of the first coat; the variance associated with this will be 
denoted as u2 in the following. The test for normality is not rigorous, 
but suffices to justify the assumption of normality as a starting 
point. As shall be shown, this assumption implies a normal distri- 
bution of the final tablet assays as well. Other conceivable distribu- 
tions would be binomial (fractionp coated, [ 1 -p]  not coated). This 
for a large number of applications would lead to a Poisson distribu- 
tion and eventually, for a very large number of coatings, would ap- 
proximate a normal distribution. In this light, 16 applications is not 
a large number. If one assumes that the distribution of the first coat 
can be described by the normal deviate xl, the second coat by XI, 
and the nth coat by x,,, each with an average p,  and if one assumes 
xl,xz,. , . x l 6  to be independent variables, then (as shown in the 
Appendix) it is straightforward to show that the variance after n 
coats (X2) should be given by nu2, where u is assumed to be identical 
for each coat, i.e., equal to that of the first coat. A plot of the 
standard deviation as a function of the square root of the number 
of coats should, therefore, produce a straight line through the origin 
with a slo-pe identical to the standard deviation of the first coat: 
Z = u .  dn. The coefficient of variation will decrease with increasing 
number of coats since 


It is seen from Fig. 2 that the standard deviation of individual 
tablet assays from all 18 batches (of varying tablet size) exhibited 
great scatter. The trend, however, is unmistakably that the standard 
deviation decreases with increasing tablet size. Although it is difficult 
to draw conclusions from such data, some speculation may be 
offered. Figure 3 represents the data of Fig. 2 in logarithmic form, 
and a line of slope 1 is more compatible with the data than a line 
of slope b, so that the standard deviation might be related to the 
volume (or weight) of the tablet rather than to the surface. If this 
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Figure 3-Variation of drug content as a function of tablet size on a 
natural logarithmic scale. The standard deviation is on a percentage 
basis, the tablet weight is in milligrams. 


indeed is the case, then the assumption that u is the same for all 16 
applications may not be true. 


The volume increase during the 16 coats is small; however, it 
would appear from Fig. 1 that the size increase during the applica- 
tion of the active coat does not play an important role, since linear- 
ity seems to prevail. On the other hand, it is obvious that the line 
neither passes through the origin nor has a slope equal to the stan- 
dard deviation of the first application. It is possible, since there is al- 
ways build-up on the pan, that in the earlier stages some drug is de- 
posited on the build-up on the pan and that in later coats some drug 
is applied back to the tablets by attrition, and thus a second con- 
tribution to the standard deviation occurs. 


The findings have significance in the sense that the tablet-to-tablet 
variation will be smaller the larger the number of coats, i.e., the 
application of a given amount of drug is best accomplished with a 
larger number of coatings of more dilute coating mixture than with 
a smaller number of coatings with a more concentrated mixture. 
The data also imply that a large tablet core yields a better drug 
distribution in the active coat than a small core. It is obvious that 
other factors (e.g., viscosity and surface activity of the syrup- 
suspension containing the active ingredient, as well as core shape) 
are of significance. These have not been a subject of this study and 
have been kept constant in order to evaluate the statistical, rather 
than the physicochemical, aspect of sugar coating. 


APPENDIX 


Suppose n coats of active material are applied to a panload of 
tablets. Let the distribution of the first coat be designated by the 
normal deviate X I ,  the second XZ, and the nth xnr and, assuming 
xI,xz,. . . xn to be independent variables with identical variances, 
then the moment-generating function for the distribution of X I  + 
x2 +. . . + xn is (15) 


M,,+,,+. . .+=p) = . . M ( ~ ” )  = 


(Eq. 2) 
where p is the amount of drug applied. The first moment about 
0 = 0 is the mean np  and is given by: 


The second moment is 


The variance is the second moment minus the square of the first 
moment, both at B = 0, i.e.: 


2 2  = [nplu]” + nu* - [ n p y  = nu2 (Eq. 5 )  


LL 
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FRACTION BASED ON NORMAL DISTRIBUTION 


Figure &Results from the last two columns of Tabb II.  The ordinate 
is the cumulative fraction larger than a certain figure, and the abscissa 
is the fraction expected if the distribution were normal with average 
content 0.119 mg. and SD 0.016 mg. 


If one takes the square root: 


z = (I.& 0%. 6)  


i.e., the standard deviation after n coats (Z) is proportional to the 
square root of the number of coats with (I, the standard deviation 
of the first coat, as the proportionality factor. Furthermore the 
distribution after n coats will be normal if it was normal originally. 
For large n, this may be expected for any type distribution (central 
limit theorem). 
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Drug Abuse: Social and Psychopharmacological Aspects. Compiled 
and edited by JONATHAN 0. COLE and J. R. WITIENBORN, Charles 
C Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xiii + 170 pp. 15.5 X 23.5 cm. Price $9.50. 
This book is drawn from reports presented during the Fifth 


Annual Meeting of the American College of Neuropsychopharma- 
culogy. While there is no primary focus to the papers included, they 
are representative of current research related to the growing social 
and medical concern of drug abuse. 


One paper should be of particular interest because of the contro- 
versial nature of the topic and the scarcity of scientific research in 
this area. This study of the long-term effects of LSD administra- 
tion in volunteer graduate students suggests that the use of LSD 
under controlled circumstances with selected individuals may be 
less hazardous and have less far-reaching consequences than 
previously thought. However, other studies reported in this book 
seem to present evidence to the contrary, confirming the need for 
more extensive research into these problems. 


Data from a study of marijuana indicate that marijuana use be- 
gins as a group experience engaged in by peers, and not as the 
pusher engaging the youth. 


This book includes eleven studies concerning various aspects of 
drugs and drug abuse. While the editors admit that no answers are 
presented, they are hopeful that this volume will serve to stimulate 
research in these and related areas. 


Staff Review 


Drugs and Youth. Edited by J. R. WITTENBORN, HENRY BRILL, 
JEAN PAUL SMITH, and SARAH A. WITTENBORN. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1969. xiv + 
485 pp. 18 X 26 cm. Price $22.75. 
This book, “Drugs and Youth,” is based on the proceedings of 


the Rutgers Symposium on Drug Abuse held in June, 1968, at the 
Rutgers Interdisciplinary Research Center. The one hundred fifty 
participants in the three-day symposium were scientists, law enforce- 
ment officials, and members of the judiciary. 


The book is divided into six major sections, the first being intro- 
ductory material of a broad nature. Part I1 deals with morphine, 
heroin, and cocaine. Amphetamine-type and barbiturate tran- 
quilizer-type drugs are covered in the third section, followed by 
marijuana and LSD in Part IV. 


The concluding two sections deal with drug abuse and the law, 
and action to be taken, respectively. 


Although the book takes a broad look at the problems of drugs 
and youth with a sociological emphasis, it should be of interest to 
all persons working in the area of drug abuse. 


StaffReview 


Techniques of Medication. By ERIC W. MARTIN, STEWART F. 
ALEXANDER, WILLIAM E. HASSAN, JR., and BURTON L. SHERMAN. 
J. B. Lippincott, East Washington Square, Philadelphia, PA 
19105, 1969. vii + 239 pp. 18.3 X 26.1 cm. Price $18.00. 
This book is devoted to discussing those factors that often are not 


emphasized in the administration of a drug. In addition to the 
rational selection of a drug, factors such as route of administration 
and form of medication will often determine the usefulness of a 
medication. The authors have done well in attempting to discuss 
this comprehensive area. The book is introduced by discussing the 
trends in therapeutics and principles of medication. The second 
chapter is devoted to prescription writing and the factors that must 
be considered in a prescription. These factors would include dosage, 
directions to the patient, and legal and professional aspects. 


This is followed by sections dealing with various routes of medica- 
tion (dermatomucosal, parenteral, and gastrointestinal) and outlining 
the principles of medication that must be considered. These prin- 
ciples include topics such as dosage forms, techniques of administra- 
tions, and care of needles and syringes. The next section discusses 
nicely the handling of medication by nurses. This section is written 
in clear, easy-to-follow outline form. The book closes with a com- 


prehensive discussion of the legal aspects of medication. These 
include factors such as prescribing errors, inadequate testing, and 
sensitivity reactions. 


This book incorporates the basic concepts of a book published 
by Austin Smith in 1948 entitled “Technic of Medication.” The 
authors of this volume are to be complimented on bringing this 
important topic up to date and providing a practical manual on 
medication techniques for physicians, medical students, nurses, and 
pharmacists. All members of the health team must not only know 
their drugs but, equally important, they must known how to use 
them. 


Reviewed by J. P. Long 
Department of Pharmacology 
University of Iowa 
Iowa City, IA 52240 


Industrial Toxicology. By LAWRENCE T. FAIRHALL. Second Edition 
(Facsimile of 1957 Edition). Hafner Publishing Co., New York, 
NY 1969. xii + 376 pp. 18.3 X 26.3 cm. Price $12.00. 
A continuing demand for this standard reference work in in- 


dustrial toxicology has justified this reprinting of the 12-year 
old second edition. It is likely that part of such a demand 
is based on the desires of some to replace their much-used and 
worn-out copies. Fairhall has had a well-established and long-stand- 
ing reputation as a source of information about elements and com- 
pounds of toxicologic significance in industry. This book, though 
hardly expected to be up to date, still contains much data of current 
value and is a useful guide to some of the outstanding older litera- 
ture. 


With a compendium type of format, this volume is presented in 
two parts. Part 1 deals with inorganic substances, mostly elements 
and their salts, oxides, or compounds with hydrogen. The larger 
Part 11, entitled Carbon Compounds, deals with numerous organic 
chemicals. For each substance or compound, its chemical and 
physical characteristics, industrial uses, toxicity, and general ap- 
proach to methods of analysis are described in a concisely docu- 
mented form. There is little consideration of mechanisms of toxic 
action and no discussion of the treatment of poisoning by the 
agents described. An appendix contains tables listing urinary 
metabolites of 73 compounds, threshold limit values of numerous 
toxic gases, vapors, fumes and dusts, and the LDso’s by oral ad- 
ministration in rats of 104 organic chemicals. 


Obviously, much new knowledge concerning substances of in- 
dustrial toxicologic importance has developed since this edition was 
published in 1957, and several more recent books are available that 
contain such information. Hence, the later works must be relied 
upon as prime references in the field, with Fairhall serving a valuable 
supplementary and back-up function. An example of an area in 
arrears in this book is the timely topic of pesticides. Some of the 
well-known controversial persistent pesticides such as aldrin, di- 
eldrin, endrin, heptachlor, and heptachlor epoxide are not 
described, though threshold limit values and LDso’s for aldrin and 
dieldrin are tabulated in the appendix. 


For numerous agents described, however, little or no new in- 
formation has been produced since 1957, and for these substances 
Fairhall stands as a definitive reference. This volume is still an 
important component of any library purporting to cover toxicology 
comprehensively or industrial toxicology specifically. 


Reviewed by Julius Coon 
Jeferson Medical College 
Philadelphia, PA 19107 


The Biochemistry of Alkaloids: Molecular Biology, Biochemistry 
and Biophysics, Vol. 3. By TREVOR ROBINSON. Springer-Verlag, 
New York, NY, 1968. 149 pp. 17 X 25 cm. Price $9.75. 
1 enjoyed the opportunity of reviewing this book which was both 


readable and interesting. Although the author, in his preface, makes 
no attempt to state whether the monograph is intended primarily 
as a text or reference book, it would appear to me that its greatest 
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N- Aralkyl-piperidyl Carbanilates as Hypocholesteremic Agents 


DARRELL E. O'BRIEN* and WILLIAM J. ROST 


Abstract 0 A number of N-aralkyl-N-methylaminoethyl carbanil- 
ates have been described in the literature as possessing hypocholes- 
teremic activity. This series of compounds now has been extended 
to include 12 new o-[1-(substituted benzyl)-4-piperidyl]-N-(sub- 
stituted phenyl) urethans and six new o-[1-(substituted benzy1)- 
4-piperidylideneimino]-N-(substituted phenyl) urethans. Two new 
derivatives of NL[(l-substituted benzyl)-4-piperidyl]-N~(p-chloro- 
pheny1)ure.a have been prepared. Eleven intermediate piperidine 
derivatives, that have not been previously described in the litera- 
ture, have been prepared and characterized. Fifteen of these new 
compounds have been studied for their ability to  inhibit the in- 
corporation of mevalonate-2-W into cholesterol by homogenates 
of rat liver. Six of the compounds exhibited greater than 50% in- 
hibition when tested at a concentration of 2 X 10-6 M. Appreciable 
incorporation of radioactivity into 7-dehydrocholesterol was ob- 
served with these six compounds. No significant reduction in serum 
cholesterol levels could be found in rats dosed at a level of 40 mg./ 
kg. of body weight over a period of 7 days. 


Keyphrases 0 N-Aralkyl-piperidyl carbanilates, ureas-synthesis 0 
N-Aralkyl-piperidylideneimino urethans-synthesis 0 Mevalon- 
ate-2JC incorporation-cholesterol 0 Hypocholesteremic ac- 
tivit y-N-aralkyl-piperidyl carbanilates 


N-Aralkyl-N-methylaminoethyl carbanilates have 
been reported to possess hypocholesteremic activity 
(1). The potential value of compounds possessing this 
pharmacological activity prompted the study of this 
type of compound in greater detail (see Structure I). 


Structure I 


The benzyl, phenethyl, and phenpropylaminoalkyl 
carbanilates all showed significant activity. Other varia- 
tions of the aralkyl group studied were detrimental to 
the hypocholesteremic activity. Increasing ester func- 
tions as in compounds of the dicarbanilate type did 
not yield useful agents. The analogous urea derivatives 
did not exhibit patterns similar to  the carbanilate series. 
However, substitution in the carbanilate ring markedly 
affected the activity of this series. Meta and para sub- 
stitutions produced compounds wi'h a greater activity 
than ortho-substituted products. To study the effects of 
greater bulk in the ester portion of these carbanilates, a 
series of o-(l-aralkyl-4-piperidyl)-N-(substituted phen- 
yl) urethans and related compounds have been pre- 
pared. The synthesis of compounds related to Classes 
I ,  11, and I11 would provide new structural modifications 
of this type of hypocholesteremic agent. 


The various derivatives of piperidine could be studied 
in order to ascertain if the basic amino function of the 
parent compounds could be incorporated into a cyclic 
structure. By studying compounds of Class I, one would 
be able to obtain more information on the effects 
brought about by substitutions on the aralkyl moiety 


0 


1 


0 


I1 
0 


111 


CIasses of Compounds 


and the effects brought about by changing the parent 
compounds' primary carbinol function to a secondary 
carbinol function. 


The compounds of Class I1 are the corresponding 
urea derivatives. The compounds of Class 111 are the 
urethan derivatives of the oximes of 1-(substituted 
benzyl)-4-piperidones. The pharmacological evaluation 
of these compounds would provide new information 
concerning the structure-activity relationships of this 
new class of hypocholesteremic agents. 


Examples of the piperidine starting materials appear 
in the literature (2, 3). These known synthetic pro- 
cedures were expanded where necessary to yield the re- 
quired starting materials. Reaction of these materials 
with the appropriate isocyanate yielded the desired 
products. 


It had been shown earlier that the m- andp-methyl 
and m- and p-chloro carbanilates were among the most 
active in the series. For this reason, these carbanilates 
of N-benzyl, N-p-chlorobenzyl, and N-p-methylbenzyl 
piperidinols were prepared. The p-chlorocarbanilates of 
N-benzyl and N-p-methylbenzyl piperidylamines were 
also synthesized. The p-methyl- andp-chlorocarbanilates 
of the oximes of the N-benzyl, N-p-methylbenzyl, and 
N-p-chlorobenzyl piperidones have also been synthe- 
sized. 


See Tables I, 11, and I11 for the specific compounds 
prepared. 


EXPERIMENTAL 


Chemical-Preparation of I-BenzyI Piperidones-These com- 
pounds were prepared as described in the literature by Thayer and 
McElvain (2). 


Preparation of I-Benzyl-4-piperidinols-l-Benzyl-4-piperidinols 
were prepared by the reduction of 1-benzyl-4-piperidones with 
diisobutyl aluminum hydride according to the method of Miller 
et al. (4). 


Preparation of I-Benzyl-4-piperidone Oximes-These compounds 
were prepared from the corresponding 1-benzyl-4-piperidones and 
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Table I-N- Aralkyl-piperid y1 Carbanilates 


Anal., . 
No. R X M.p., "C. Formula Calcd. Found 


1 H p-c1 167- 


2 H P-CH3 160- 


3 H m-C1 131- 


4 


5 


6 


7 


8 


9 


10 


11 


12 


m-CH3 


p-CI 


p-C& 


m-C1 


m-CH3 


p-c1 


p-C& 


m-C1 


m-CHs 


68 Ci &MX'JzOz C, 66.2 C, 66.4 
H. 6.14 H. 6.32 
N; 8.13 N; 8.02 


H, 7.36 H, 7.45 
N, 8.63 N, 8.55 


H. 6.14 H. 6.06 


61 CzoHz ~NzOZ C, 74.0 c, 73.74 


32 GgH21ClNz02 C, 66.2 C, 65.9 


N: 8.13 N: 7.98 
120-122 


143-145 


129-130 


145-1 47 


131-133 


154-156 


143-145 


101-103 


93-95 


C; 66.9 C, 66.9 
H, 6.46 H, 6.72 
N. 7.75 N. 7.63 


GiHzA"0z C,' 74.4 C,' 74.4 
H, 8.02 H, 7.72 


N, 8.27 N, 8.20 


H. 5.18 H. 5.32 
CisHzoClzNzOz C, 60.3 C, 60.3 


N: 7.40 
C,' 66.9 
H, 6.46 
N, 7.75 
c ,  60.3 
H. 5.32 
N: 7.40 
C,' 6619- 
H, 6.46 
N, 7.75 


N: 7.52 
C,' 67.1 
H, 6.16 


'N, 7.90 
c, 60.1 
H. 5.61  
N: 7.40 
C,' 67.1 
H,  6.16 
N, 7.90 


hydroxylamine as described in the literature by Brookes et al. (3). 
Preparation of o-[I-(Substituted benzy[)-4-piperidy[l-N-(substi- 


tuted phenyl) Urerhans-The compounds listed in Table I were 
prepared by reacting 0.02 mole of the appropriate alcohol with 
0.022 mole of the isocyanate in 60 ml. of dry toluene at reflux 
temperature for 2 hr. On cooling, a white precipitate formed which 
was crystallized from toluene, ethanol, or hexane. 


Preparation of o-(I-Substituted benzyl-4-piperidylideneimino)-N- 
(substituted phenyf) Urethans-A solution of the appropriate 
oxime (0.02 mole) and isocyanate (0.022 mole) in 50 ml. of anhy- 
drous-toluene was refluxed for 2 hr. At the end of this time, the clear 
yellow solution was allowed to cool slowly. The white crystalline 
product which deposited from the cooled solution was filtered, 
washed with toluene, and air dried. The product was recrystallized 
from toluene. 


Preparation of 4- Amino-I-benzyl Piperidines-These compounds 


Table 11-N-Aralkyl-piperidyl Ureas 


were prepared from the corresponding oximes by sodium metallre- 
duction as described in the literature by Brookes et al. (3). 


Preparufion of Nl-[I-(Substituted benzyf)-4-piperidy&N3-(sub- 
stituted phenyf) Ureas-A solution of 4-amino-1-substituted benzyl 
piperidine dihydrochloride monohydrate (0.025 mole) in 50 ml. of 
water was treated with anhydrous potassium carbonate until pH 
8-9 was obtained. The mixture was extracted three times with ether 
(25 ml.), and the combined ethereal extracts were washed two times 
with water (25 ml.). The ether solution was dried over anhydrous 
sodium sulfate and evaporated to dryness. The residue was dis- 
solved in 100 ml. of hot anhydrous toluene, and this solution was 
evaporated to 50 ml. The isocyanate (0.0275 mole) was added to 
the hot toluene solution, and the resultant solution was refluxed 
for 2 hr. At the end of this time, the light yellow solution was al- 
lowed to cool slowly. The white crystalline product which deposited 
from the cooled solution was separated by filtration, washed with 


- Anal., - 
No. R X M.p., "C. Formula Calcd. Found 


13 H p-c1 2 0 3 - 2 0 5 CI sHzzCIN30 c ,  74.3 c ,  74.4 
H. 7.80 H. 7.52 
N, 13.0 N; 12.9 


C, 67.1 C, 67.2 
H, 6.77 H, 6.83 
N, 11.7 N, 11.6 


14 CH3 p a  21G212 Cz OHZ aCIN30 
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Table 111-N- Aralkyl-piperidylideneimino Urethans 


Anal., 
No. R X M.p., "C. Formula Calcd. Found 


15 H 


16 H 


17 CH3 


18 CH3 


19 Cl 


20 c1 


126-127 


115-117 


144-146 


144-146 


126-128 


105-107 


C, 63.9 
H, 5.63 
N. 11.7 


C, 63.6 
H, 5.41 
N, 11.8 
C. 71.0 C.' 71.3 


H: 6.88 
N, 12.4 
C, 64.7 
H, 5.97 
N. 11.3 


H: 7.11 
N; 12.2 
C, 64.5 
H, 5.95 
N, 11.5 
C. 72.0 C.' 71.8 


H; 7.13 
N, 12.0 
C, 58.2 
H, 4.88 
N, 10.7 
C. 64.7 


H; 7.22 
N, 12.1 
C, 58.4 
H, 4.65 
N, 10.5 
C, 64.4 
H, 6.03 
N, 11.1 


H; 5.97 
N, 11.3 


Table IV-Incorporation of Mevalonate-14C into Sterols" tolyl) urethan VIII, and N1-[l-(p-methylbenzyl)-4-piperidyl]-N3- 
(p-chloropheny1)urea XIV. With each of these compounds there 
is appreciable incorporation of radioactivity in 7-dehydrocholesterol. 
These compounds have also been evaluated (McNeil Labora- 
tories) for their hypocholesteremic activity in rats. In rats receiving 
40 mg./kg. of body weight for a 7-day period, it was found there 
was no significant reduction in serum cholesterol levels. 


Some activity was seen in the urea series, but no appreciable 
hypocholesteremic activity was found among the piperidylidene- 
imino urethan derivatives. 


The hypocholesteremic activity of the N-aralkyl-piperidyl 
carbanilates was not superior to that activity found for the N-aralkyl- 
aminoethyl carbanilates. Hence, it was concluded that there was no 
advantage in the cyclic series of carbanilates. 


In the previously reported series, substitution in the aralkyl 
group did not produce hypocholesteremic compounds. The N-o- 
chlorobenzylaminoethyl carbanilates had an unfavorable effect on 
cholesterol levels. However, in the present series, substitution in the 
aralkyl group was advantageous in certain cases. The N-p-methyl- 
benzyl piperidyl carbanilates were among the most active in in- 
hibiting cholesterol synthesis in uitro. This fact points out the 
need for further investigation of various substitutions on the 
N-benzyl group in this hypocholesteremic series. 


7-Dehydro- 
Compound Cholesterol Desmosterol cholesterol 


35 
60 
51 
79 
30 
34 
25 
47 
66 
40 
87 
81 
53 


10 


11 


23 
9 


33 


~ 


55 1 
2 
3 
4 
5 
6 
7 
8 


13 
14 
15 
16 
17 
Trifluperidol 


McN JR 2498 


38 


47 
57 
42 


24 
8 


37 
6 


11 


39 
26 
23 
7 
8 


20 27 


49 
70 
41 
7 


10 


31 
20 
23 


20 
10 
35 


Control 83 
82 


10 
8 


a Values are expressed 
three sterols. 


as percent of radioactivity based on activity in 
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cold toluene, and air dried. The product was recrystallized from 
aqueous ethanol. 


Pharmacological Evaluation-A number of these compounds have 
been evaluated for their ability to inhibit the biosynthesis of chol- 
estero1.l The compounds have been evaluated by in vitro and in vivo 
procedures. 


DISCUSSION 


The hypocholesteremic activity of N-aralkyl-piperidyl carbanilates 
has been demonstrated in certain cases. Six compounds exhibited 
greater than 50% inhibition when tested at a concentration of 2 X 
lodK M. These compounds were: 0-( l-benzyl-4-piperidyl)-N-@- 
chlorophenyl) urethan I, o-[l-(p-methylbenzyl)-4-piperidyl]-N-(p- 
chlorophenyl) urethan V, 0-[ l-(p-methylbenzyl)-4-piperidyl]-N-(p- 
tolyl) urethan VI, o-[l-(p-methylbenzyl)-4-piperidyl]-N-(n1-chloro- 
phenyl) urethan VII, o-[l-@-methylbenzyl)-4-piperidyl]-N-(m- 
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DRUG S T A N D A R D S  


Assay of Hyoscyamine, Atropine, Scopolamine, and 
Phenobarbital in Unit Doses of Tablets and Elixirs 


RUPERT 0. ZIMMERER, Jr. and LEE T. GRADY 


Abstract n A gas chromatographic assay for unit dose quantities of 
scopolamine and atropine-hyoscyamine was developed for tablets 
and elixirs containing phenobarbital. The method allows the com- 
plete assay of unit dose forms. Standards assayed with precisions 
of 4.8% for scopolamine, 6 mcg./unit dose, 2.5% for atropine- 
hyoscyamine at 100 mcg./dose, and 1.0% for phenobarbital (spectro- 
photometric) at 16 mg./dose. Homatropine served as extracted 
internal standard. Derivatives of the alkaloids were unnecessary 
using properly cured columns. 


Keyphrases 0 Hyoscyamine, atropine, scopolamine, phenobarbital 
tablets, elixirs-analysis 0 Internal standard, "extracted"-homa- 
tropine GLC-analysis UV spectrophotometry-analysis 


Quantitative methods for small amounts of bella- 
donna aIkaloids are few. No method has been reported 
which is suitable for the complete assay of hyoscyamine 
sulfate, atropine sulfate, scopolamine hydrobromide, 
and phenobarbital tablets and e1ixir.l This paper re- 
ports the development of a procedure which allows the 
complete assay of these formulations on unit dose forms. 


Das Gupta and Ferguson ( 1 )  noted recently the need 
for determination of small amounts of atropine in elixirs 
and tablets and applied a dye-complex method. A 
separation of phenobarbital by partition column and 
subsequent colorimetric determination of total bella- 
donna alkaloids was reported by Koch e l  al. (2). This 
sequence was adapted to kaolin-pectin suspensions by 
Bracey and Selzer (3). None of these methods deter- 
mined scopolamine. 


Sterescii and Popovici (4) determined atropine and 
scopolamine individually by paper chromatography in 
the presence of papaverine and sparteine. Schill and 
Agren separated scopolamine from hyoscyamine by 
partition chromatography on kieselguhr columns (5 ) .  
Countercurrent distribution ( 6 )  also separates these 
alkaloids. Paper chromatographic separation of scopol- 
amine from atropine-hyoscyamine was effective, and 
Reichelt (7) was able to separate as much as 50-fold 
ratios. Thin-layer chromatographic separation of scopol- 
amine from the other belladonna alkaloids has been 
particularly successful, for example Wartman-Hafner's 
system (8). 


Some workers have explored the gas chromatography 
of belladonna alkaloids. Kazyak and Knoblock (9) 


~~~~ 


1 Provisionally admitted to NF  XIII. 


used silicone gums on silanized supports to separate 
atropine and scopolamine, but reported no satisfactory 
system. Brochmann-Hanssen and Fontan (10) reported 
separation of these from morphine and homatropine, 
most usably with a cyanosilicone liquid phase. The 
identification of alkaloids, including atropine, in blood 
was studied by Jain and Kirk (1 1) who recommended a 
polyester for general use. Most recently, Solomon et al. 
(12) used methylsilicone gum on silanized diatomite in 
assaying atropine and scopolamine in plant extracts ; 
however, their system decomposed the alkaloids. 


MATERIALS AND METHODS 


Chromatographic grade methylene chloride (Matheson, Coleman 
& Bell). Borate buffer, 0.05 M, was prepared from boric acid and 
sodium hydroxide. Dibasic potassium phosphate and sodium hy- 
droxide were used to  prepare 0.2 M phosphate pH 10.5 buffer. Both 
buffers were standardized against the glass electrode. Homatropine 
hydrobromide, atropine sulfate, and scopolamine hydrobromide 
(Merck & Co., Inc.) and hyoscyamine sulfate and the tablet and 
elixir (A. H. Robins & Co., Inc., Richmond, Va.) were also used. 


Internal Standard Solution-Dissolve 20 mg. homatropine 
hydrobromide in 250 ml. 0.005 N sulfuric acid and mix well. 


Alkaloids Standard Solution-Dissolve 16.2 mg. scopolamine 
hydrobromide in 100 ml. 0.005 N sulfuric acid. Dissolve 30.8 mg. 
atropine sulfate in 200 ml. 0.005 N sulfuric acid, add 10.0 ml. of 
the scopolamine solution, and make to  250 ml. with acid. Dilute 
20.0 ml. of this solution to 100 ml. with the acid. All solutions were 
prepared fresh daily. 


Gas Chrornatography2-Analyses were performed using an 
0.6-m. X 3-mm. i.d. glass column packed with 3 % methylphenyl- 
silicone gum on 80/100 mesh silanized, acid-washed, flux-calcined 
d ia t~mi te .~  Column temperature was 210°, with the injection port at 
235". Helium flow was about 60 ml./min. Samples, 1-2 pl., were 
injected on-column. Flame ionization detectors were used. 


Column Preparation-Maintain the column at 250" for 1 hr. with 
helium flowing to remove oxygen and solvents, stop the flow of 
helium and heat at about 340" 4 hr., lower temperature to25O0, and 
condition with helium flowing until stable. A suitable initial test for 
support inertness, necessary with these low polarity liquid phases, 
is the delivery of a single, symmetric peak for injected cholesterol 
with no evidence of decomposition. 


PROCEDURE 


Standards-Weigh 16.2 mg. phenobarbital USP reference stan- 
dard into a separator and add 5.0 ml. of the alkaloids stan- 
dard Solution. Add 1.00 mi. of the internal standard solution and 


a F & M model 810, Avondale, Pa. 
30V-17 on Gas Chrom Q, Applied Science Laboratories, State 


College, Pa. 
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Table I-Assay of Commercial Preparations, Percent of Labeled Amounts 


Sample- Hyoscyamine-Atropine Scopolamine Phenobarbital 


Elixir 103 Av. = 103% 
105 
102 


Tablet Lot A 101 Av. = 101% 
101 


Lot B 102 
95 Av. = 96% 


Lot c 97 
95Av. = 96% 
96 


94Av. = 96% 
90 


103 
93 Av. = 97% 


100 
98 


109Av. = 111% 
112 
112Av. = 114% 
116 


102 Av. = 102 
101 
103 
100 Av. = 101 
102 ~ ~~ 


101 
100Av. = 99% 
98 


101 Av. = 100% 
99 


a 103.7 mcg.,Hyoscyamine sulfate and 19.4 mcg. atropine sulfate, 6.5.mcg. scopolamine hydrobromide, 16.2 and mg. phenobarbital in each tablet 
or 5 ml. of elixir. 


extract with two 25-ml. portions of methylene chloride, filtering 
through anhydrous sodium sulfate into a 1Wml. volumetric flask. 
Wash the sodium sulfate with 25 ml. methylene chloride, dilute to 
volume, and mix well. Pipet 10 ml. of the solution into a 150-ml. 
beaker and evaporate to dryness on a steam bath. Add 1 ml. 
alcohol and, using pH 9.5, 0.05 M borate buffer, quantitatively 
transfer the residue to a 100-ml. volumetric flask. Dilute to volume 
with buffer and determine the absorbance at 240 mp using 1-cm. 
silica cells. 


To the aqueous phase in the separator remaining after extraction 
of phenobarbital add 4.0 ml. of pH 10.5,0.2 M phosphate buffer and 
extract twice with 10 ml. of methylene chloride, filtering through 
anhydrous sodium sulfate. Wash the sodiumsulfate with 5 ml. of the 
methylene chloride. Evaporate4 the combined extracts to about 0.1 
ml. at reduced pressure and inject an appropriate volume into the 
chromatograph. Record the chromatogram, decreasing the ampli- 
fier attenuation by a factor of about 16 about halfway between the 
hyoscyamine-atropine peak and the scopolamine peak to increase 
the measured peak height of scopolamine. Obtain the peak heights, 
H ,  of scopolamine, hyoscyamine-atropine, and homatropine and 
determine Rs for each drug, where Rs is = H alkaloid/H homatro- 
pine. Ru values are determined similarly for the assay preparations. 
The amount of each alkaloid in each dosage form may be calculated6 
from the formula Wu = Ws (RulRs), where Wu = weight of un- 
known, Ws = exact weight of standard. 


When using a column for the first time prepare additional stan- 
dards by adding 4.0 and 6.0 ml. of alkaloid solution and carrying out 
the assay. A plot of Ru versus amount yields a straight line. Assay 
values should be read directly from this calibration curve if the line 
does not pass through zero. 


The amount of phenobarbital in each dosage form may be cal- 
culated from the formula WU = Ws(Au/As), where Wu = weight 
of unknown, Ws = exact weight of standard, Au = absorbance 
of unknown, and A s  = absorbanceof standard. 


Tablet Composite-Weigh and finely powder not less than 20 
tablets. Transfer the equivalent of one tablet to a 60-ml. separator, 
add 1.0 ml. of the internal standard solution, 5 ml. water, mix, and 
adjust the pH to a value not greater than 3 with 1 N HzS04 (about 
0.5 ml. for those used in this report). Proceed as directed in the 
standard assay beginning with “Extract with two25-ml. portions. . .” 


If necessary, the aqueous phase in the separator, after adding 4 
ml. pH 10.5 buffer, should have the pH adjusted to greater than 9 
using 1 N NaOH (about 0.5 ml. for those used in this report). 


Tablet Content Uniformity-Finely powder one tablet and trans- 
fer to a 60-ml. separator and proceed as in tablet assay above. 
Discard the phenobarbital extracts. Determine hyoscyamine- 
atropine only after evaporation of the extract to about 1 ml. 


Elixir-Pipet 5.0 ml. of the elixir into a 60-ml. separator and 
add 1.0 ml. of the internal standard solution. Proceed as in the 
tablet assay, beginning with “Add 1.00 ml. internal standard solu- 
tion. , . .” 


RESULTS AND DISCUSSION 


The small amounts and similar structures of the alkaloids in these 
formulations recommended gas chromatographic analysis. More- 


4 Rotary Evapo-mix, Buchler Instruments, Fort Lee, N. J. 
6 For the case of a linear curve “passing through zero.” 
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over, a method was desired that would allow the entire assay to be 
performed on individual dose units. 


Ten complete standards were taken through the procedure. The 
coefficients of variation in the hyoscyamine-atropine and scopol- 
amine assay ratios were 2.5 and 4.8 z, respectively. Phenobarbital 
precision was 1.02. Applicability of the procedures to commercial 
formulations was checked (See Table I). The elixir was assayed in 
triplicate. Tablet composites of three lots were assayed. Placebos 
were not available. 


In summary, this procedure allows assay of individual dose units 
of hyoscyamine sulfate, atropine sulfate, scopolamine hydrobro- 
mide, and phenobarbital tablets and elixir. The method is specific, 
rapid, and highly sensitive. Precisions are typical for gas chroma- 
tography, and using duplicates where possible, particularly for scop- 
olamine, is recommended for accuracy. 


This procedure also applies to other, simpler official tablets and 
solutions of belladonna alkaloids after appropriate change in the 
amount of internal standard and, usually, elimination of the acid 
extraction step. This has been done with hyoscyamine sulfate 
tablets NF and morphine sulfate and atropine sulfate tablets NF. 


Applicability to content uniformity determination is inherent in 
single dose procedures, so only an estimate was prepared in a single 
lot. Content uniformity is based on hyoscyamine-atropine rather 
than scopolamine (the least abundant active ingredient) because of 
the better precision for that peak and to eliminate some of the time 
for concentration. This decision assumes that the ratio of scopol- 
amine to the other alkaloids is fixed prior to manufacture of the dos- 
age forms. 


Comments on Procedure-Homatropine was chosen as the “ex- 
tracted” internal standard prior to selection and acceptance of the 
column. It differs from these alkaloids only in a methylene group 
and the nature of substitution of the carbinol so chromatographic 
characteristics are nearly identical. Because of functional group 
similarities, minor alkaline ester cleavage, or amine degradation 
are controlled. Mechanical losses of various layers and volumetric 
considerations along the way are rendered insignificant as the parti- 
tion behaviors are the same. Finally, purified material is readily 
available. 


Phenobarbital must be eliminated in any event prior to the gas 
Chromatographic work-up, so the acid extraction conveniently was 
adopted to determine phenobarbital. Methylene chloride was chosen 
because it is easily evaporated and distribution data indicated that 
the double extraction removes all but 0.2% of the phenobarbital. 
Spectrophotometric assay was chosen for speed and precision and to 
avoid introduction of a second column. The spectra of extracted 
standard and those from elixir and tablets showed no differences 
and all were identical to directly prepared standards. pH limits for 
the two extractions are specified in the procedure so that different 
product formulations will not interfere with alkaloid, particularly 
scopolamine, recovery. Phosphate buffer was added so that the 
final pH of the aqueous phase was 9.1 and was used instead of alkali 
to minimize ester cleavage. At this pH distribution data indicate 
that the two extractions remove 99.6% of the atropine and all 
scopolamine. Heat and air during the subsequent concentration 
should be avoided to prevent cleavage or oxidation of the small 
amounts of the alkaloids. The additional problem of racemization is 
not considered in this report. 


The final volume, 0.1 ml., was chosen so that almost any flame 
ionization-equipped gas chromatograph would have the necessary 
sensitivity. The chromatograph in this laboratory was used atone- 







1 


I 


n 


Figure 1-Typical chromatogram (tablet). Key: 1, homatropine; 
2, hyoscyamine-atropine; 3, attenuation change; 4,  scopolamine. 


tenth of its maximum usable sensitivity range for scopolamine. The 
reagents must be pure as high boiling impurities are concentrated 
200 times. Gas chromatographic grade methylene chloride is es- 
sential. 


Reagent blanks were run to  locate the origin of the additional 
peaks appearing in the chromatogram and see if there were inter- 
ferences. Ten small peaks corresponding to those seen on the ex- 
tracted chromatogram appeared. There were no peaks with reten- 
tions the same as or close enough to  any of the drugs to interfere 
with the analysis (see Fig. 1). All these additional peaks were attrib- 
utable to the reagent blank, mostly from methylene chloride. Of 
these, six emerged prior to homatropine. The others had relative 
(atropine = 1.0) retentions of0.88,1.18,2.05, and 2.75. However, a 
less efficient column could allow minor species to bias the homatro- 
pine measurement. Additional standards, in triplicate, showed the 
analysis to be linear in the region of interest for both hyoscyamine- 
atropine and scopolamine. For this particular column the two lines 
obtained graphically terminated along the abscissa, so the assay 
data reported herein were taken from the calibration curves. The 
formula presented in the procedure would be accurate only where 
calibration curves have been demonstrated to “pass through zero.” 
The column was rechecked (cholesterol, alkaloids, standard curves) 
at the end of the study and found intact. 


Chromatography-The difficulties associated with the GLC of 
polar amines are well known. Improperly or partially-cured and 
conditioned columns often cause extensive tailing of such com- 
pounds and nonlinear recoveries of sample sizes. An additional 
problem is partial on-column dehydration of atropine and SCO- 
polamine as was reported by Solomon et al. (12). Although the 
preparation of less polar derivatives often allows successful chro- 
matography, the additional steps and problems are appreciable. 
Current phases, supports, and column treatments have extended 
the range of molecules which can be chromatographed directly, 
without prior formation of less polar derivatives. 


The peaks were symmetric and tailing was negligible (see Table 11). 
Examination of the chromatograms of pure compounds gave peaks 


Table U-Gas Chromatographic Data 


Homa- Hyoscyamine- Scopol- 
Parameter tropine Atropine amine 


Retention” 0.65 (1.00) 1200 1.76 


Asymmetry, As (15) 1.10 1.02 1.08 
Tailingb 1.06 1.06 1.04 
Responsec 0.97 (1 .oo) 0.99 


Theor. plates (15) lo00 1 loo 


a Actual retentions = X 2.95 min., see Fig. 1.  b T. F. = u + b/2u at 
5 % of peak height. c Equimolar amounts, ratio of peak areas. 


of equal area (=k 1 % by planimeter). A mixture was prepared con- 
taining atropine and scopolamine in the same proportion (20: 1) as 
that found in the commercial preparation : the scopolamine peak 
area was 97.4% of the valuecalculated based on equimolar amounts, 
showing that nonlinear adsorption losses are minor. Repetitive in- 
jections, n = 12, of this mixture in assay quantities gave coefficients 
of variation in the assay ratios of 1.0 and 4.0% for atropine and 
scopolamine, respectively. As seen from these results, most of the 
overall assay precision is attributable to the GLC step. Accuracy for 
scopolamine relative to atropine thus would be improved by dupli- 
cate injection of the same sample. Peaks in the procedural blank 
also were separated completely, so additional length of column was 
superfluous. Efficiencies of the order of a thousand plates appear 
sufficient for this assay. 


The column preparation detailed in this procedure was essential 
to successful chromatography. Tailing values prior to curing were 
1.4-1.7 with asymmetry factors of greater than 1.2. Resolution and 
recoveries were increased. Similar effects have been found with 
columns prepared from various samples of low (W)  and medium 
(G) density silanized supports, both self-coated and supplier-coated. 
Street (1 3) reported recently his procedures for support treatment 
prior to coating and noted the importance of this for GLC of amines 
and alkaloids. Vessman (14) found that 315” conditioning of SE 30 
on a silanized support did not eliminate tailing of high boiling 
amines, including scopolamine, and that alkali treatment of the 
support decreased tailing but decomposed the silicone. 
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Action of Antibiotics on Respiratory Tract I: Ampicillin 


G. BENZI, E. BERMUDEZ, and E. ARRIGONI 


Abstract 0 In uitro ampicillin antagonizes the barium chloride-, 
histamine-, and acetylcholine-induced spasm on the dog bronchial 
chains. Ampicillin is more effective in preventing a histamine than 
an acetylcholine bronchospasm, while isoprenaline and adrenaline 
are similarly potent against the effects of the two agonists. In situ 
the antibiotic induces at first a prompt but short increase in ventila- 
tion; subsequently, a lesser but persistent activity remains for 2 or 3 
hr. 


Keyphrases Ampicillin effect-respiratory tract 0 Histamine-, 
barium chloride-, acetylcholine-induced bronchospasm-ampicillin 
effect 0 Respiratory ventilation-ampicillin effect 


In previous research, the action of some antibiotics 
in uitro and in situ upon the motility and tone of the 
extrahepatic biliary tract (rifamycin SV, erythromycin, 
tetracyclines, ampicillin, aminosidin, spiramycin, and di- 
cloxacillin) and the ureter (ampicillin and dicloxacillin) 
was studied. It was particularly observed that ampicillin 
relaxed the above-mentioned musculatures, normal or 
hypertonized by barium chloride, histamine, serotonin, 
carbachol, or cholecystokinin (1, 2). This behavior 
points out the problem of the action of the antibiotics 
on various tissues, including the respiratory tract. 


The purpose of the present paper is to report the 
ampicillin action on the airways in uitro and in situ. 
In this field, the in uitro pharmacological preparation 
consisting of a chain of tracheal or bronchial rings has 
been used (3,4). Human, guinea pig, and dog prepara- 
tions are equally sensitive to contracting agents, such 
as histamine and acetylcholine (5 ) ,  and the activity of 
the drugs on isolated human bronchial chains agrees 
closely with that found by other workers using prepara- 
tions from animals, including the dog (6). In situ the 
changes in airway smooth muscle tone may be measured : 
(a) by recording the dynamic pressure-volume relation- 
ship of the lungs (7), the resistance to airflow in the 
trachea isolated in situ or in the respiratory tract (8, 9); 
and (b)  by the radiography of the airways (10). 


The direct record of the ventilation by a rubber 
balloon inserted into a primary or secondary bronchus 
was used. For the experiments in uitro and in situ, the 
dog was chosen because of its size and availability. 


METHOD 


The experiments were performed in the dog both in uitro and in 
situ. Ampicillin sodium salt, of which amounts are expressed in 
terms of ~(-))-6-(cu-amino-~-phenylacetamido)-penicillanic acid, 
was used. 


Experiments In VitreBronchi  of 32 mongrel dogs of either sex 
(weighing 7.4 to 10.9 kg.) were removed immediately after death. 
All tissues were dissected and cut in rings which were tied together 
in chains with loops of cotton. The mucosa was removed to allow 
greater freedom of movement of the muscle. Four to six rings were 
suspended in a 50-ml. organ bath containing Tyrode solution 
gassed with 95% oxygen and 5% carbon dioxide; the temperature 


was 36.5-37.5". The tonus level of preparations was continuously 
recorded by a strain-gauge lever, giving a magnification of X 15 to 
20, tension 200 mg., writing on a kimograph drum. The preparations 
were left 2 hr. before any drugs were given. Three submaximal doses 
of acetylcholine were given until regular responses were obtained, 
before any doses of acetylcholine itself or other agonists were tested. 


The action of ampicillin (62.5-2000 mcg./ml.) was evaluated 
against the stimulation by barium chloride (10@400 mcg./ml.); 
for the construction of the dose-response curve, ampicillin activity 
was taken as the percent inhibition of the recorded response area 
by barium chloride stimulation during a 20-min. period of contact. 


For comparative assay with other well-known bronchodilators, 
the activity of ampicillin (2048-16,384 mcg./ml.), I-adrenaline 
(0.5-4 mcg./ml.), and dl-isoprenaline (0.125-2.0 mcg./ml.) was 
evaluated against the stimulation by acetylcholine chloride (0.2- 
2 mcg./ml.) and histamine acid phosphate (1.0-10 mcg./ml.). 
Two-dose levels of agonist and antagonist were usually used; the 
agonists were left in contact with the preparation for 0.5-1 min. 
Ampicillin was introduced into the bath 10 min., and adrenaline 
or isoprenaline 30 sec. before the acetylcholine or histamine doses. 
The EDSO, the slope of the curve, the potency ratio, and their 95% 
confidence limits were calculated (1 1). 


Experiments I n  Situ-The experiments were carried out on 28 
beagle dogs of either sex (weighing 10.7-16.8 kg.) preanesthetized 
with urethan (0.4 g./kg. i.p.). Anesthesia was induced and main- 
tained by chloralose (80 mg./kg. i.v.); the arterial blood pressure 
was measured from a cannula inserted into a femoral artery; the 
intestinal movement and tone were recorded by a rubber balloon 
inserted into the jejunum. 


During the succinylcholine chloride (1 mg./kg. i.v.) action, an 
intratracheal Warne tube was set in place. Through this tube a 
little rubber balloon was pushed into a primary or, if possible, 
secondary bronchus under X-ray examination. 


Arterial blood pressure and intestinal and bronchial activities 
were recorded by a polygraph Physioscript EE12 Schwarzer. 


Ampicillin ( 1.25-80 mg./kg.) was administered intravenously 
by a polystan tube inserted into the femoral vein. Two submaximal 
doses of dl-isoprenaline or I-adrenaline were given i.v. until regular 
responses were obtained before any doses of ampicillin sodium salt 
were tested. To analyze the mechanism of action, ampicillin was 
tested after: (a )  cutting the vagi, and (b )  treatment with the following 
drugs: morphine hydrochloride (4-8 mg./kg. i.v.), atropine sulfate 
(2-3 mg./kg. s.c.), dibenamine hydrochloride (2-5 mg./kg. i.v.), 
D( -)INPEA (4-8 mg./kg. i.v.), chlorpheniramine maleate (2-3 
mg./kg. s.c.), cyproheptadine hydrochloride (300-600 mcg./kg. 
i.v.), hexamethonium bromide (300-600 mcg./kg. i.v.). 


Figure I-Action of ampicillin on dog bronchial chain siimulaied by 
barium chloride. The barium chloride (250 mcg./ml.) was added to 
the bath at the marks (0). The antibiotic (A) was present in the bath 
at the following concentrations: 1 = 0 mcg./ml.; 2 = 250 mcg./ml.: 
3 = 500 mcg./ml.; 4 = 1000 mcg./ml. At A the recording apparatus 
was stopped for the first 8 rnin. of contact with ampicillin. 
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Table I-Dog Bronchial Chain In Vitro: EDSO, Slope Function of the Line (9, and Estimated Relative Potency (ERP), with 95 Z 
Confidence Limits, of dl-Isoprenaline, I-Adrenaline, and Ampicillin against the Stimulation by Acetylcholine Chloride (0.2-2 
mcg./ml.) and Histamine Acid Phosphate (1.0-10 mcg./ml.) 


~ ~ ~ _ _ _ _  ~ 


7 Agonist 7 


7-- Acetylcholine 7 Histamine 7 


Antagonist EDson Sb ERPc EDsoa S b  ERPc 


Isoprenaline 0.40 2.30 28 ,OOO 0.49 2.57 9490 
(0.2e0.80)  (0.92-5.75) (9650-81,200) (0.254.95) (1.03-6.42) (349G25,8 10) 


D D 
Adrenaline 1.30 2.29 8615 1.05 2.25 4430 


(0.62-2.73) (1.01-5.01) (292G25,415) (0.51-2.15) (1.00-5.06) (1 575-12,450) 
D D 


Ampicillin 11,200 2.39 1 4650 2.80 1 
(509G24,640) (0.68-8.36) (2214-9765) (0.62-12.60) 


a ED50 = dose (mcg./ml.) of bronchodilator necessary to reduce by 50% the contraction produced by acetylcholine or histamine. b S = fold change 
in dose required to produce a unit standard deviation change in response along the line; thus S = antilog s = antilog l/b, where b and s are, respec- 
tively, the slope constant and standard deviation of a line relating log dose of antagonist, and probit percent reduction of agonist activity. c D = ampicil- 
lin and compared drug differ significantly in potency ( p  < 0.05). 


Table 11-Dog Ventilation In Situ: Range of the Percent Changes both in Amplitude of the Recorded Tracing and in Frequency 
of the Respiratory Rate Induced by the i.v. Injection of Ampicillin 


Ampicillin Period of Observation after Injection of Ampicillin -7 


Dose Levels ----From 0 to 20 min.- -From 20 to 60 min.-- -- From 1 to 2 hr.- 
Injected Number of Increase Decrease Increase Decrease Increase Decrease 


1.v., Tested in Amplitude, in Frequency, in Amplitude, in Frequency, in Amplitude, in Frequency, 
mg./kg. Dogs z 72 z z z z 
1.25-5 


10 -20 
40 -80 


6 24-115 8-28 10-62 8-27 G29  G24  
4 62-1 50 18-35 22-75 12-40 G40 4-42 
4 48-174 13-38 14-94 1G43 13-48 12-37 


RESULTS AND DISCUSSION 


On the dog bronchial chains in uitro, ampicillin (62.5-2000 
mcg./ml.) reduces or inhibits the stimulation by barium chloride 
(Fig. 1); the log dose-response curve is indicated in Fig. 2. 


The comparative assay of ampicillin, isoprenaline, and adrena- 
line action against the stimulation by acetylcholine or histamine is 
summarized in Table I and shows that isoprenaline is more active 
than adrenaline and ampicillin in reducing the agonist-induced 
spasm. It is possible to observe that against acetylcholine-induced 
contraction, ampicillin is about 1/8600 as active as I-adrenaline and 
about 1/28,000 as active as dl-isoprenaline. According to Mc Dougal 
and West (5) .  on dog tracheal rings aminophilline possesses about 
1/1O,OOO the activity of adrenaline and about 1/4O,OOO the activity 
of isoprenaline. On the other hand, ampicillin, as is aminophilline 
(3, is more effective in preventing a histamine than an acetylcholine 
bronchospasrn, while adrenaline and isoprenaline are similarly 
potent against the effects of the two agonists. 


Obviously the in uitro technique employed provides information 
concerning potency ratio or mechanisms operant in the airway wall; 
nevertheless it is unphysiological, the studies being limited to 
denervated portions of the airways. However, it is impossible to 
correlate directly the present results with clinical conditions. In 
fact it is well known that many bronchoconstrictive stimuli act, 
at least in part, nia reflex mechanisms, and these effects are absent in 
the in uitro preparation. Nevertheless, the results in uitro related to 
isoprenaline and adrenaline agree with the findings of previous 
workers (12) using in uiuo the test of the antagonism of the effects 
of a histamine aerosol in guinea pigs. 


The observations in situ indicate that, after intravenous injection 
of 1.25-80 mg./kg., ampicillin induces a biphasic action. At first the 
antibiotic induces a prompt, high, but short (5-20 min.) increase in 
ventilation, and subsequently a lesser but persistent activity remains 
for 2 or 3 hr., as summarized in Table I1 and exemplified in Fig. 3. 
No change in systemic blood pressure occurs during the ampicillin 
action on the airways. 


The increase in ventilation induced by ampicillin during its 
first phase of action is similar to those caused by the i.v. injection of 
isoprenaline (0.125-2 mcg./kg.) and adrenaline (0.5-5 mcg./kg.). 
Nevertheless, related to the very different biotransformation, the 
total time of activity of the sympathomimetic amines is much shorter 


(2-8 min.) than that of ampicillin, and furthermore the well- 
known changes in systemic blood pressure occur. 


The in situ preparation utilized by the authors does not provide 
any information on drug effects on peripheral airways which are 
vitally concerned with the gas-exchange process. The pressures re- 
corded by the bronchial balloon must have been changes in the 
depth of respiration, and it is completely possible that the results 


80 


g 60 
i 
2 
t 
m 
2 40 


20 


0 
250 500 1000 2000 
CONCENTRATION, mcg./ml. 


Figure 2-Log dose-response curue of ampicillin action against the 
stirnulation by barium chloride. The ordinate shows the inhibition per- 
cent of the contracting action by barium. The concentrations of the 
antibiotic (mcg.lm1.) are plotted on the abscissa in logarithmic scale. 
The uertical lines indicate standard errors of the means. Eight prep- 
arations at each dose leuel. 
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Determination of Epitetracycline and Chlortetracycline 
in Tetracycline by Quantitative Thin-Layer Chromatography 


I D 0  C. DIJKHUIS and MARTHA R. BROMMET 


Abstract 0 Small amounts of epitetracycline and chlortetra- 
cycline in tetracycline were determined by quantitative thin-layer 
chromatography on kieselguhr layers, impregnated with a citrate- 
phosphate solution, pH 5.5, containing 10% glycerin. The method 
involves chromatography under sharply defined conditions (relative 
humidity, temperature, and rapidity of spotting) in order to 
obtain a good separation of the different zones and to prevent 
rapid epimerization during development. After elution with 0.1 N 
HCI, epitetracycline was measured at 356 mp, while for chlortetra- 
cycline the fluorimetric method of Chicarelli was used. The possible 
identities of three other impurities-with R,  values between epitetra- 
cycline and tetracycline-are discussed ; their percentages were 
calculated as epitetracycline. 


Keyphrases 0 Epitetracycline-analysis, separation in tetra- 
cycline 0 Chlortetracycline-analysis, separation in tetracycline 0 
TLC-analysis 0 Spectrophotometry-analysis 


In 1963, Remmers et al. ( I )  described a spectrophoto- 
metric determination of 4-epitetracycline (epi-TC) in 
tetracycline (TC), based on the absorbance-ratio dif- 
ference at 254 and 267 mp. However, this method is 
not suitable for measuring small amounts of epi-TC 


in commercial samples ; accurate measurements at  
those wavelengths are disadvantageously affected by 
the presence of anhydrotetracyches (ATC, epi-ATC). 
The paper chromatographic method, reported by 
Addison and Clark (2), gives better information about 
the percentage of epi-TC. 


When small amounts of chlortetracycline (CTC) are 
to be determined, the spectrophotometric procedure, 
given by Woolford et al. (3), is not preferable. It is also 
not possible to apply the fluorimetric procedure 
[Chicarelli (4)] because the fluorescence of the CTC is 
quenched by the TC solution. 


In 1964, Sonanini and Anker (5) described the 
identification of three tetracyclines on kieselguhr layers, 
impregnated with a solution (pH 3.7) containing 5 %  
glycerin. In 1968, Ascione et al. (6) reported the separa- 
tion of some tetracyclines on the same support, im- 
pregnated with a EDTA-PEG 400-glycerin solution, pH 
- ~ n  
I .u. 


The present authors used the idea of Sonanini and 
Anker as a starting point for a quantitative determina- 
tion of epi-TC and CTC present in commercial samples 
of TC. 
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Drug Abuse: Social and Psychopharmacological Aspects. Compiled 
and edited by JONATHAN 0. COLE and J. R. WITIENBORN, Charles 
C Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xiii + 170 pp. 15.5 X 23.5 cm. Price $9.50. 
This book is drawn from reports presented during the Fifth 


Annual Meeting of the American College of Neuropsychopharma- 
culogy. While there is no primary focus to the papers included, they 
are representative of current research related to the growing social 
and medical concern of drug abuse. 


One paper should be of particular interest because of the contro- 
versial nature of the topic and the scarcity of scientific research in 
this area. This study of the long-term effects of LSD administra- 
tion in volunteer graduate students suggests that the use of LSD 
under controlled circumstances with selected individuals may be 
less hazardous and have less far-reaching consequences than 
previously thought. However, other studies reported in this book 
seem to present evidence to the contrary, confirming the need for 
more extensive research into these problems. 


Data from a study of marijuana indicate that marijuana use be- 
gins as a group experience engaged in by peers, and not as the 
pusher engaging the youth. 


This book includes eleven studies concerning various aspects of 
drugs and drug abuse. While the editors admit that no answers are 
presented, they are hopeful that this volume will serve to stimulate 
research in these and related areas. 


Staff Review 


Drugs and Youth. Edited by J. R. WITTENBORN, HENRY BRILL, 
JEAN PAUL SMITH, and SARAH A. WITTENBORN. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1969. xiv + 
485 pp. 18 X 26 cm. Price $22.75. 
This book, “Drugs and Youth,” is based on the proceedings of 


the Rutgers Symposium on Drug Abuse held in June, 1968, at the 
Rutgers Interdisciplinary Research Center. The one hundred fifty 
participants in the three-day symposium were scientists, law enforce- 
ment officials, and members of the judiciary. 


The book is divided into six major sections, the first being intro- 
ductory material of a broad nature. Part I1 deals with morphine, 
heroin, and cocaine. Amphetamine-type and barbiturate tran- 
quilizer-type drugs are covered in the third section, followed by 
marijuana and LSD in Part IV. 


The concluding two sections deal with drug abuse and the law, 
and action to be taken, respectively. 


Although the book takes a broad look at the problems of drugs 
and youth with a sociological emphasis, it should be of interest to 
all persons working in the area of drug abuse. 


StaffReview 


Techniques of Medication. By ERIC W. MARTIN, STEWART F. 
ALEXANDER, WILLIAM E. HASSAN, JR., and BURTON L. SHERMAN. 
J. B. Lippincott, East Washington Square, Philadelphia, PA 
19105, 1969. vii + 239 pp. 18.3 X 26.1 cm. Price $18.00. 
This book is devoted to discussing those factors that often are not 


emphasized in the administration of a drug. In addition to the 
rational selection of a drug, factors such as route of administration 
and form of medication will often determine the usefulness of a 
medication. The authors have done well in attempting to discuss 
this comprehensive area. The book is introduced by discussing the 
trends in therapeutics and principles of medication. The second 
chapter is devoted to prescription writing and the factors that must 
be considered in a prescription. These factors would include dosage, 
directions to the patient, and legal and professional aspects. 


This is followed by sections dealing with various routes of medica- 
tion (dermatomucosal, parenteral, and gastrointestinal) and outlining 
the principles of medication that must be considered. These prin- 
ciples include topics such as dosage forms, techniques of administra- 
tions, and care of needles and syringes. The next section discusses 
nicely the handling of medication by nurses. This section is written 
in clear, easy-to-follow outline form. The book closes with a com- 


prehensive discussion of the legal aspects of medication. These 
include factors such as prescribing errors, inadequate testing, and 
sensitivity reactions. 


This book incorporates the basic concepts of a book published 
by Austin Smith in 1948 entitled “Technic of Medication.” The 
authors of this volume are to be complimented on bringing this 
important topic up to date and providing a practical manual on 
medication techniques for physicians, medical students, nurses, and 
pharmacists. All members of the health team must not only know 
their drugs but, equally important, they must known how to use 
them. 


Reviewed by J. P. Long 
Department of Pharmacology 
University of Iowa 
Iowa City, IA 52240 


Industrial Toxicology. By LAWRENCE T. FAIRHALL. Second Edition 
(Facsimile of 1957 Edition). Hafner Publishing Co., New York, 
NY 1969. xii + 376 pp. 18.3 X 26.3 cm. Price $12.00. 
A continuing demand for this standard reference work in in- 


dustrial toxicology has justified this reprinting of the 12-year 
old second edition. It is likely that part of such a demand 
is based on the desires of some to replace their much-used and 
worn-out copies. Fairhall has had a well-established and long-stand- 
ing reputation as a source of information about elements and com- 
pounds of toxicologic significance in industry. This book, though 
hardly expected to be up to date, still contains much data of current 
value and is a useful guide to some of the outstanding older litera- 
ture. 


With a compendium type of format, this volume is presented in 
two parts. Part 1 deals with inorganic substances, mostly elements 
and their salts, oxides, or compounds with hydrogen. The larger 
Part 11, entitled Carbon Compounds, deals with numerous organic 
chemicals. For each substance or compound, its chemical and 
physical characteristics, industrial uses, toxicity, and general ap- 
proach to methods of analysis are described in a concisely docu- 
mented form. There is little consideration of mechanisms of toxic 
action and no discussion of the treatment of poisoning by the 
agents described. An appendix contains tables listing urinary 
metabolites of 73 compounds, threshold limit values of numerous 
toxic gases, vapors, fumes and dusts, and the LDso’s by oral ad- 
ministration in rats of 104 organic chemicals. 


Obviously, much new knowledge concerning substances of in- 
dustrial toxicologic importance has developed since this edition was 
published in 1957, and several more recent books are available that 
contain such information. Hence, the later works must be relied 
upon as prime references in the field, with Fairhall serving a valuable 
supplementary and back-up function. An example of an area in 
arrears in this book is the timely topic of pesticides. Some of the 
well-known controversial persistent pesticides such as aldrin, di- 
eldrin, endrin, heptachlor, and heptachlor epoxide are not 
described, though threshold limit values and LDso’s for aldrin and 
dieldrin are tabulated in the appendix. 


For numerous agents described, however, little or no new in- 
formation has been produced since 1957, and for these substances 
Fairhall stands as a definitive reference. This volume is still an 
important component of any library purporting to cover toxicology 
comprehensively or industrial toxicology specifically. 


Reviewed by Julius Coon 
Jeferson Medical College 
Philadelphia, PA 19107 


The Biochemistry of Alkaloids: Molecular Biology, Biochemistry 
and Biophysics, Vol. 3. By TREVOR ROBINSON. Springer-Verlag, 
New York, NY, 1968. 149 pp. 17 X 25 cm. Price $9.75. 
1 enjoyed the opportunity of reviewing this book which was both 


readable and interesting. Although the author, in his preface, makes 
no attempt to state whether the monograph is intended primarily 
as a text or reference book, it would appear to me that its greatest 
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utility would be in the former category, especially in a graduate 
course in alkaloids. 


The material covered is thorough and the author’s viewpoint 
regarding the unbalanced progress in the study of alkaloid bio- 
chemistry is heartily supported by the reviewer, i .e.,  quite a bit is 
known about alkaloid biosynthesis but very little is known about 
function or degradative pathways. For example, the author cites 
the work of Fairbairn, who showed that the morphine alkaloids 
are not end products of metabolism but appear to be actively 
turned over at a rapid rate. Similar studies of this type are sadly 
lacking and much more work is needed in this area. It may well be 
that alkaloids are active metabolites within plants. 


In any book there is a certain lag period between the literature 
survey, writing, and official publication. The lag period works 
against areas of research which are making active progress. A 
specific example of material which has been greatly extended since 
publication of the book is the work on the biosynthesis of indole 
alkaloids. This problem has now been pretty well cleared up and a 
monoterpenoid precursor is well established for the Cs or Clo unit 
involved. This is not a criticism of the author but is cited to point 
out some problems even with monographs of this type. Indeed, 
overall I believe the book to be quite up to date. 


In summary, the book is clearly written, well organized, and 
readable. The major alkaloids are covered according to structural 
types and their biochemistry discussed. I would recommend its use 
in courses of natural products and especially in courses emphasizing 
alkaloids. It is a welcome addition to the library of books dealing 
with natural products. 


Reviewed by John Tashiro 
College of Pharmacy 
University of Rhode Island 
Kingston, RI 02881 
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Blood Levels of Chlorphentermine in Man 


HUNG WON JUN and EDWARD J. TRIGGS 


Abstract 0 Blood level determinations of chlorphentermine (p- 
chloro-ap-dimethylphenethylamine) in man following oral ad- 
ministration of the drug in solution, as a prolonged-release formu- 
lation, and as an intravenous injection have been carried out by 
gas-liquid chromatography (GLC). The drug had a long apparent 
elimination half-life in the body, and the therapeutic need for a 
prolonged-release formulation of a drug of this type therefore may 
be doubtful. The significance of blood level studies in evaluating 
therapeutic dosage levels was emphasized with respect to dosage 
form evaluation and pharmacokinetics, even though such studies 
may not represent pharmacological efficacy in cases of extensive 
drug localization. 


Keyphrases c] Chlorphentermine blood levels-determination 0 
Pharmacokinetic parameters-chlorphentermine distribution, elimi- 
nation 0 Half-life, apparent-hlorphentermine 0 GLC-anal- 
ysis 


Urinary excretion studies of amphetamine analogs 
have been carried out by a number of workers as a 
method for evaluating biopharmaceutical drug param- 
eters in man (1, 2). This technique, however, is not 
completely satisfactory as a number of assumptions are 
implicit in the method (3,4). To overcome some of these 
shortcomings, blood level studies have been developed 
for a number of these compounds ( 5 ,  6) .  Such studies 
require the use of specific and sensitive analytical pro- 
cedures since these drugs are extensively concentrated 
extravascularly in the body (7). Both the use of radio- 
isotopically labeled drugs (8) and electron-capture 
GLC (9) have been found satisfactory in such analysis. 


A method to determine chlorphentermine blood levels 
in man was developed using flame ionization GLC, and 
a study made of the drug following oral administration 
of solution and prolonged-release formulations together 
with intravenous administration. 


EXPERIMENTAL 


Extraction Procedure and Analytical Method-The extraction 
procedure from blood was based on that used by Reynolds and 
Beckett (10) for a series of local anesthetics. A 3-5-ml. blood sample 
was diluted with an equal volume of water in a 15-ml. glass centri- 
fuge tube, and 1 ml. of 2 0 z  w/v NaOH was added. Four milliliters 
of redistilled reagent grade diethyl ether was then added. The tube 
was stoppered tightly and shaken for 10 min., followed by centri- 
fugation at 2000 r.p.m. for 5 min. The upper ethereal layer was 
transferred to a second centrifuge tube, and the procedure was 
repeated for two further ether extractions. The combined ethereal 
extracts were shaken twice for 10 min with 3 ml. 0.1 N HCl. The 
aqueous layer containing the extracted drug was transferred to a 
third centrifuge tube and adjusted to approximately pH 11 with 
2 0 z  w/v NaOH (about 1 ml.) and extracted 3 times with 3 ml. 
diethyl ether as for blood. The ethereal layers were transferred to a 
12-ml. glass sedimentation tube containing 1 ml. of a 2 mcg./ml. 
solution of azobenzene in diethyl ether (internal marker). 


The sedimentation tube was placed in a water bath at 40" and the 
contents evaporated to near dryness. The tube was then stoppered 
and placed in an ice bath to produce a final volume of about 5 pl. A 
2-3-hl. sample of this concentrate was then injected onto the gas 
chromatographic column. 


The apparatus and conditions for GLC were as reported by Jun 
and Triggs (11) with the following modifications: (a) the gas chro- 


matographic column was packed with 1 silicon gum rubber' on 
80-100-mesh general-purpose solid support a, and@) helium flow rate 
40 ml./min. 


Blood Level Studies-Oral Administration-Chlorphentwmine 
hydrochloride was administered in 20 ml. aqueous solution as a 100- 
mg. dose (5 mg. HCllml.) to four healthy male subjects (aged 25-30 
years), approximately 30 min. after a light breakfast of coffee and 
toast. Blood samples (7 ml.) were taken intravenously using Vacu- 
tainer tubes3 at 30-min. intervals for 3 hr. and then at 7, 11, 13, 25, 
35, and 48 hr. after drug administration. Urine samples were also 
collected irregularly over the 48-hr. time period, and in some cases 
for a further 8 days. 


The drug was also administered as a 78-mg. dose in the form of 
prolonged-release Preparation A4 to three of the four subjects who 
had received the drug in solution. Blood samples were taken as 
previously at 60-min. intervals for 4 hr.; 120-min. intervals for a 
further 8 hr.; and at 24, 28, 32, 36, and 48 hr. after drug administra- 
tion. Urine samples were taken as previously described. 


Intravenous Administration-Chlorphentermine hydrochloride 
injections were prepared in the laboratory and sterilized by passing 
the solution through a bacterial filter6 under aseptic conditions 
followed by autoclaving. The solution for injection contained 25 
mg./ml. of the drug as the hydrochloride salt. The ampuls were 
tested for sterilitysand for drug content by GLC. 


The drug was infused intravenously over a 2-min. period as a 
50-mg. dose to two of the four subjects. Blood samples were taken 
at 2,5,  10,20,40,60, and 120min. and at 4,7, 10, 24, 36, and 48 hr. 
after drug administration. Urine samples were taken as previously 
described. 


RESULTS 


Extraction Procedure and Analytical Method-Figure 1 shows a 
typical chromatogram of a blood extract containing chlorphenter- 
mine. Good symmetrical peaks were obtained for both chlor- 
phentermine and the internal marker, azobenzene. Analysis of 
blank samples of blood from the subjects used in the studies showed 
no interfering peaks with the same retention times as chlorphenter- 
mine or azobenzene. 


Figure 2 illustrates a calibration curve obtained for chlorphen- 
termine in blood; the ratio peak height of chlorphentermine to peak 
height of azobenzene was plotted against the concentration of 
chlorphentermine per 5 ml. of blood. The calibration curve was a 
straight line passing through the origin. 


Ten duplicate analyses of a blood sample containing 0.5 mcg. 
chlorphentermine/5 ml. were performed, and the results showed a 
standard deviation of k4.92X. 


The percentage recovery of chlorphentermine from blood was 
found to be 95 j= 5 %. 


Blood Level Studies-Oral Administration-Average blood levels 
for chlorphentermine following oral administration of the 100-mg. 
solution dose to four subjects are shown in Fig. 3. The pharmaco- 
kinetic parameters, apparent elimination half-life, apparent volume 
of distribution, and area under the blood level curve were esti- 
mated and appear together with the cumulative urine data in Table 
I. 


Subjects experienced no stimulant effect from the drug at this 
dosage level. The only effects noticed were pupil dilation and 
marked anorexia. 


1 OV-1 Hewlett Packard Ltd. 
2 Chromosorb G(AW-DMCS), Hewlett Packard Ltd. 
3 Becton, Dickinson & Co., Canada, Ltd. 
4 Commercially available preparation of chlorphentermine hydro- 


6 Standard Millipore filter type HA, B.D.H. (Canada) Ltd. 
6 USP XVII Sterility Test for injection. 


chloride. 
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Figure 1-Typicul chromatogram of blood extract containing 
chlorphentermine. Key: A = solvent peak (diethyl ether); B = 
chlorphentermirie; C = internal marker (azobenzene). Figures in 
parentheses signify attentuation. 


Average blood levels for chlorphentermine following oral admin- 
istration of the 78-mg. prolonged-release formulation to three sub- 
jects are shown in Fig. 4. Areas under the blood level curves and 
urine data are shown in Table I. No subjective effects were noted. 
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Figure 2-Calibration curve for chlorphentermine in blood. 
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Figure 3-Average blood level-time curves for chlorphentermine 
following drug administration in solution (I00 mg.) and intravenous 
injection (50 mg.). Key: 0, solution; and @, intravenous injection. 
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Intravenous Administratioti-Average blood levels of chlorphen- 
termine following intravenous administration of the drug to two 
subjects as a 50-mg. dose are shown in Fig. 3. The pharmacokinetic 
parameters and urine data appear in Table I. 


Effects noted were lightheadedness and marked anorexia. 


DISCUSSION 


In most chromatograms the drug peak occurred on the solvent 
slope at the low attentuations used in these studies; however, 
reasonably accurate peak height measurements could be made as 
indicated by the size of the standard deviation. Drug concentrations 
as low as 125 ng./5 ml. of blood could be detected. The average 
blood levels for chlorphentermine (see Fig. 3) were well within the 
range of sensitivity of the method. 


Peak blood levels for chlorphentermine in all subjects occurred at 
1.5-2.5 hr. following oral administration of the drug in solution, and 
blood levels after the peak showed a slow exponential decline. The 
appare.nt elimination half-life for the drug ranged from 35 to 45 hr. 
(average 41 hr.) and was in close agreement with that obtained 
from predicted blood levels determined by analog computation (3). 
The apparent volume of distribution (average 213 I.), together with 
the long apparent elimination half-life, suggested extensive tissue 
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Table I-Some Pharmacokinetic Parameters for Chlorphentermine following Solution, Prolonged-Release, and Intravenous Drug 
Administration in Man 


Area under Dose 
Apparent Apparent Blood Level Excreted 


Mode of Dose, Elimination Volume of Curve, mcg. Unchanged in 
Subject” Administration mg. HCI Half-Life, hr. Distributionb hr./ml.c Urine in 48 hr. 


H.J. 
D.S. 
W.J. 
K.M. 
H.J. 
D.S. 
H. J. 
K.M. 
W.J. 


Solution 
Solution 
Solution 
Solution 


i.v. 
Prolonged-release 
Prolonged-release 
Prolonged-release 


l.v. 


100 45 
100 35 
100 45 
100 40 
50 42 
50 44 
78 
78 
78 


- 
- 
- 


185 
21 4 
298 
245 
139 
198 


14.5 23.3 
10.7 25.8 
8.6 19.6 
8.5 16.1 
8.7 20.4 
6.6 21.6 
4.5 16.4 
5.8 12.3 
3.3 14.1 


~ ~ ~~~ 


(1 Incompleted crossover study. * See References I and 21. c Calculated by means of trapezoid rule (20). 


distribution of the drug. These findings suggested that the drug 
may be localized to a large extent in the body. Previous reports 
(12, 13) have shown chlorphentermine to be localized in various 
body organs of rats and mice, notably brain and lung tissue. 


Peak blood levels for chlorphentermine occurred at 6-8 hr. 
following oral administration of prolonged-release Preparation A, 
suggesting delayed release and subsequent slow absorption of the 
drug. The areas under the blood level curves were compared follow- 
ing intravenous and prolonged-release drug administrations, and an 
average of 62% (maximum 87%) of the drug was found to be 
available from the prolonged-release dosage form. However, it is 
possible that this average result may be an underestimate since 
comparisons were made only over the 48-hr. time period and ideally 
should be compared from zero to infinite time (22). Subject varia- 
tion, which did occur (see Table I), probably also contributed to the 
spread of the value of the availability term. 


Urinary excretion studies of chlorphentermine in this and pre- 
vious studies (3) suggested almost complete drug availability from 
this prolonged-release preparation. Thus, the determination of drug 
availability from urinary excretion studies may lead to a discrepancy 
as the assumption is made that urine drug levels reflect tissue levels 
of the drug which might not be the case where some degree of 
localization occurs in the body. 


The observations that the apparent elimination half-life of the 
drug was, on the average, in excess of 40 hr. and that the cumulative 
amount of drug in the urine in 48 hr. was less than 2 5 z  of the 
administered dose suggested doubts as to whether a prolonged- 
release drug formulation was indeed clinically necessary. It could, 
however, be argued that tissue levels resulting from administration 
of a prolonged-release formulation would perhaps follow a more 
clinically acceptable pattern than those levels following administra- 
tion of the drug in solution. This possibility and the determination 
of pharmacokinetic data are the subject of further study. It has 
been shown previously that this particular prolonged-release for- 
mulation gives a good in uiuolin Ditro correlation of drug availability 
(3). 


A dose of 50 mg. of drug was chosen for the intravenous drug 
administration studies since it was felt that there would be less 
subjective effects at this dosage level. The initial phase of the blood 
level curve following intravenous drug administration was indicative 
of the extensive extravascular distribution of the drug (see Fig. 3). 
However, it was not possible with the blood sampling times used to 
extrapolate accurately this initial drug distribution phase to time 
zero. Reference to the area under the blood level curves (see Table 
I) following oral and intravenous drug administration showed that 
the drug was completely available when administered in solution. 
This confirmed results in an earlier study in which the cumulative 
amount of drug excreted in acid pH controlled urine over an 
extended period of time following drug administration in solution 
was about 90% (14). Also, previous reports have shown the drug to 
be almost completely excreted unchanged (15, 16). 


It is difficult to determine the required therapeutic dose levels of a 
drug which is largely localized in the tissues by means of blood level 
studies. Ideally the concentration of drug at its site of action should 
be measured or a pharmacological response of the drug monitored. 
However, blood level studies are of importance as they enable the 


determination of drug pharmacokinetic parameters (17) and com- 
parison between performance of different dosage forms to be 
made (18, 19). 


SUMMARY 


1. Blood level determinations of chlorphentermine in man 
following administration of the drug in solution, prolonged-release 
formulation, and as an intravenous injection have been carried out 
by GLC. 


2. The apparent elimination half-life of the drug in man was on 
the average 41 hr. 


3. Comparison of areas under the blood level-time curves for 
intravenous and oral solution drug administration indicated com- 
plete availability of the drug from solution. However, the area under 
the curve resulting from administration of the prolonged-release 
formulation was lower possibly due to the limited experimental time 
period and subject variation. 


4. The shape of the blood level-time curves suggested that the 
drug undergoes some degree of body localization. 


5. Therapeutically, prolonged-release formulations of chlorphen- 
termine may be doubtful. 
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Pharmacokinetic Profile of Coumermycin A, 


STANLEY A. KAPLAN 


Abstract 0 The pharmacokinetic profile of coumermycin A1 has 
been determined in man following intravenous and oral adminis- 
tration. The antibiotic is eliminated slowly from the bloodstream 
and appears to be highly biotransformed. The plasma level versus 
time curve after intravenous injection is consistent with a twocom- 
partment open system containing a primary compartment with a 
volume equivalent to the volume of plasma water. The design of a 
pharmacokinetic model is discussed. 


Keyphrases 0 Coumermycin A1-pharmacokinetic profile 0 Ab- 
sorption, elimination-coumermycin A1 Model, two-compart- 
ment open-coumermycin A1 0 Kinetic equations-coumermycin 
Al absorption, elimination 


Coumermycin Al is an antibiotic isolated from 
Streptomyces hazeliensis var. hazeliensis nov. sp. 
which exhibits antistaphylococcal activity in vitro and in 
uiuo (1). The compound, a monosodium salt, has a 
molecular weight of 1132. Coumermycin A1 is a bis- 
hydroxy coumarin with two weakly acidic groups 
which are widely separated spatially in the molecule and 
therefore ionize simultaneously with an approximate 
pKa of 6. The three pyrrole groups are weakly acidic, 
pKa > 11, and may decrease the solubility of the com- 
pound due to  hydrogen bonding. The compound is only 
very slightly soluble in water at 25”.  The structure is 
given as I (2 ) :  


C K  
CH3 I oJo ‘ ’ NH- 


i)H 
-co 


The pharmacokinetic profile of coumermycin A, was 
determined in four human subjects based on the serum 
level data obtained from the report of a clinical study 
on file (3,4). 


EXPERIMENTAL 


Protocol-Four healthy human adults fasted overnight, received 
single intravenous and oral doses of coumermycin A1 at the Special 
Treatment Unit of Martland Hospital. Subjects A and B each re- 
ceived single 50-mg. doses intravenously and orally, 3 weeks apart. 
Subjects C and D each received single 100-mg. doses intravenously 
and orally, 2 weeks apart. The drug was administered in the dosage 
forms presently used in clinical trials. Blood and urine specimens 
were collected periodically and the serum separated and frozen for 
subsequent analysis. 


Microbiological Assay-Coumermycin A1 was analyzed by the 
cup plate assay employing Staphylococcus aureus HLR No. 82. The 
sensitivity ofthe method is 0.08 mcg./ml. of biological fluid (4). 


RESULTS AND DISCUSSION 


The serum level data following both intravenous and oral ad- 
ministration of the drug are presented in Figs. 1-4. Following the 
intravenous injection of coumermycin A1, a biexponential serum 
level curve is obtained with all four subjects. The consideration of 
the disposition of coumermycin A1 in terms of a two-compartment 
open system model is therefore a minimal requirement in order to 
describe adequately the distribution of the drug into the body. The 


CH, 


0 


0 
I 


Vol. 59, No. 3, March I970 0 309 








Differential Nonaqueous Titration of Isoniazid 
and Sodium p-Aminosalicylate Mixtures 


M. B. DEVANI and C. J. SHISHOO 


Abstract Isoniazid and sodium p-aminosalicylate are estimated 
potentiometrically in nonaqueous media. Their mixtures are ame- 
nable to differential nonaqueous titrimetry. The titration solvent 
consists of a mixture of equal volumes of acetonitrile and acetic 
anhydride, the titrant is acetous perchloric acid, and electrode sys- 
tem is the glass-calomel electrode pair. Satisfactory resolution of 
end points is obtained with the ratio of sodium p-aminosalicy- 
late-to-isoniazid as high as 4: 1 .  Both of these components in mix- 
tures can be determined in a single titration by the proposed method 
without resorting to preliminary separation. 


Keyphrases Isoniazid, Na p-aminosalicylate mixture-anal- 
ysis 0 Perchloric acid, acetous-titrant 0 Differential non- 
aqueous titration-analysis 


A variety of chromatographic, volumetric, colori- 
metric, spectrophotometric, and nonaqueous titrimetric 
procedures have been described for the analysis of 
isoniazid as well as sodium p-aminosalicylate (1-3). 


The individual components in mixtures are generally 
determined after initial separation by one of these 
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Figure I-Titration curves of isoniazid-sodium p-aminosalicylate 
( 1 : I )  mixture in various solvents against 0.1 N acetous perchloric 
acid. Key: a, acetonitrile; b, acetic anhydride; c, acetonitrile-acetic 
anhydride ( 1 : I )  mixture. 
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methods (4-6). Although satisfactory results can be 
obtained by these methods, they suffer from several 
drawbacks, particularly that of time-consuming pre- 
liminary separation processes. While isoniazid and so- 
dium p-aminosalicylate can be readily determined in 
nonaqueous media individually, their differential titra- 
tion in a mixture has not been reported. 


The present study has been directed to find a simple 
differential nonaqueous titration procedure for the 
analysis of isoniazid-sodiump-aminosalicylate combina- 
tions. The mixtures having sodium p-aminosalicylate-to- 
isoniazid ratio up to 4 : I are resolved in a solvent system 
of acetonitrile-acetic anhydride (1 : 1). When the dis- 
proportion ratio of the components is higher, only one 
end point corresponding to total base is realized. 


PROCEDURE 


Apparatus-All titrations were performed potentiometrically. 
A pH meter (Polymetron) employing a glass electrode and a calomel 
electrode with a salt bridge was used for the purpose. A saturated 
solution of lithium chloride in glacial acetic acid served as the salt 
bridge (7). Electrodes were dipped in acetic anhydride for at least 
24 hr. before use. 


Reagents and Solutions-Isoniazid BP was recrystallized from 
alcohol and dried at 105 '. Sodium p-arninosalicylate USP was taken 
for analysis. Acetonitrile was purified by shaking it with two batches 
of silica gel (50 g./l.), two batches of alumina (20 g./l.), and phos- 
phorus pentoxide (20 g./l.). Finally it was distilled over phosphorus 
pentoxide ( 5  g./l.) (8). Acetic anhydride reagent grade was distilled 
before use. 


A 0.1 N solution of perchloric acid in glacial acetic acid was pre- 
pared and standardized potentiometrically against primary standard 
potassium acid phthalate dissolved in acetic acid. All other chem- 
icals and solvents used in the study were reagent grade and were 
employed without further purification. 


Analysis of Isoniazid-In a 100-ml. beaker about 60 rng. isoni- 
azid, accurately weighed, was dissolved in 25 ml. of acetonitrile 
and stirred magnetically. An equal volume of acetic anhydride was 
added to it. The solution was further stirred for 5 min. and titrated 
potentiometrically against 0.1 N acetous perchloric acid. Near the 


Table I-Effect of Isoniazid-to-Sodium p- Aminosalicylate 
Ratio on Sensitivity of Differentiating Titration 


~ 


Amt. Weighed, meq. 
Sodium Recovery, 


Isoniazid salicylate Isoniazid salicylate 
p-Amino- Sodium p-Amino- 


- 0 . 3  - 99.8 f 0.37 
0.2 0.1 99.9 f 0.67 99.9 f 0.48 
0.2 0.15 98.9 f 0.47 100.6 f 0.56 
0.1  0.1 99.6 f 0.52 99.0 f 0.87 
0.1 0.2 99.7 f 0.60 99.8 f 0.72 
0.1 0.3 100.0 f 0.53 99.5 f 0.64 
0.1 0.4 100.0 f 0.45 100.2 f 0.76 
0 .1  0.5 One end point6 


5 Standard deviation based on at least five determinations. b Corre- 
sponds to isoniazid plus sodium p-aminosalicylate. 
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Figure 2-Titration curces using acetonitrile-acetic anhydride ( 1  : I )  
mixture as solvent system. Key: a, sodium p-aminosalicylute 0.25 
meq.; b, isoniazid 0.4 meq.; c, isoniarid-sodium p-aminosulicylate 
mixture containing 0.2 meq. of’ each component. 


end point, titration was continued adding 0.05 ml. of titrant at 
intervals of 1 min. and the solution kept stirred vigorously. A blank 
titration was performed. 


Titration curves were traced, plotting potential reading (mv.) 
versus volume of titrant (ml.). 


Analysis of Sodium p-Aminosalicylat-About 60 mg. of sodium 
p-aminosalicylate, accurately weighed, was mixed with 25 ml. of 
acetonitrile in a 100-ml. beaker and stirred for about 15 min. An 
equal volume of acetic anhydride was then added and stirring con- 
tinued further for 5 min. before the solution was titrated potentio- 
metrically with 0.1 N acetous perchloric acid. The end point was 
determined from the titration curve as described earlier. 


Differential Titration of Isoniazid-Sodium p-Aminosalicylate 
Mixture-About 0.1 meq. of isoniazid and 0.1 meq. of sodium 
p-aminosalicylate, accurately weighed, were mixed with 25 ml. 
acetonitrile and stirred for about 15 min. An equal volume of acetic 
anhydride (25 ml.) was added to it and the stirring was continued 
for about 5 min. The solution was titrated rapidly, stirring all the 
time, until the first end point was obtained. The titration was car- 
ried out slowly near the second end point. The exact end points 
were determined from the titration curve as before. 


Effect of Isoniazid Concentration on Differential Titration- 
Isoniazid and sodium p-aminosalicylate, in varying proportions 
corresponding to  desired ratios (Table I), were accurately weighed 
and titrated as above. 


RESULTS AND DISCUSSION 


Isoniazid and sodium p-aminosalicylate, individually, have been 
titrated with perchloric acid as monoacidic and diacidic bases, 
using different solvents (9-12). Acetonitrile and acetic anhydride 
have been found suitable solvents for the titration of bases (13, 14). 
In the preliminary experiments, both these solvents were tried. The 
titration curves using acetonitrile as well as acetic anhydride as 
solvents (Curves a and b of Fig. 1) indicate two inflections: the 
first corresponds to sodium p-aminosalicylate content and the second 
indicates the isoniazid end point. It is seen that with acetonitrile, 
the first inflection is sharply defined while the second inflection point 
is indistinct (Fig. 1, Curve a).  On the other hand, the first in- 
flection is somewhat vague but the second inflection stands out 
quite distinctly in acetic anhydride medium (Fig. 1, Curve b). 
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Figure 3-Effect of sodium p-uniinosulicylure-to-isoniazid ratio on 
differential titration. The rutios abose the curues indicate milli- 
equivalents of sodium p-aminosalicylate-isoniazid. 


On the basis of these results, mixtures of the two solvents, in 
varying proportions, were tried as solvent systems. It was seen that 
while isoniazid-sodium p-aminosalicylate (1 : 1) mixture could be 
successfully resolved in the solvent mixtures having acetonitrile- 
acetic anhydride in ratios of 4 : 1,2 : 1, 1 : 1 ,  1 :2, and 1 : 3, the solvent 
mixture in 1 : 1 was most ideally suited. 


Typical titration curves of isoniazid, sodium p-aminosalicylate, 
and isoniazid-sodiump-aminosalicylate mixture are shown in Fig. 2. 
Both the compounds, individually as well as in a mixture, are deter- 
mined with fair degree of accuracy. Both isoniazid and sodium 
p-aminosalicylate are titrated as monoacidic bases in acetonitrile- 
acetic anhydride (1 : 1) mixture. 


Since in the usual dosage forms, the amount of sodium p-amino- 
salicylate considerably predominates over the content of isoniazid, 
the effect of varying the ratio of concentrations of the components 
on the sensitivity of the differentiating titration was studied. Typical 
titration curves are shown in Fig. 3 and the recovery of components 
is recorded in Table I. 


Two distinct inflections in the titration curves are obtained when 
sodium p-aminosalicylate-to-isoniazid ratio does not exceed 4 
(Fig. 3, Curves a to e). In the titration of mixtures with ratio of 
disproportion exceeding 4, only one end point corresponding to the 
total base is obtained (Fig. 3, Curvef). The differential titration of 
mixtures having sodium p-aminosalicylate-to-isoniazid ratio higher 
than 4: 1 was tried employing solvent mixture acetonitrile-acetic 
anhydride in proportion other than 1 :I. The resolution of the end 
points was not satisfactory. 


The proposed procedure makes possible a simple and accurate 
determination of isoniazid-sodium p-aminosalicylate combinations, 
without preliminary separation of the components. The technique 
is applicable to those mixtures in which sodium p-aminosalicylate- 
to-isoniazid ratio does not exceed 4. 
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Nonaqueous Titrimetric Determination of Isoniazid in Presence of 
Excess of Sodium p-Aminosalicylate in Dosage Forms 


C. J. SHISHOO and M. B. DEVANI 


~~ 


Abstract 0 Isoniazid in the presence of excess of sodium p-amino- 
salicylate is estimated by differential titration of the acetonitrile 
extract of the mixture against perchloric acid. Sodium p-amino- 
salicylate content is then calculated from the total basicity obtained 
by direct titration of the mixture with the same titrant. The pro- 
cedure is applied to determine the isoniazid and sodium p-amino- 
salicylate content of tablets, granules, and cachets. The results 
obtained are comparable to those obtained by the official method. 


Keyphrases 0 Isoniazid, Na p-aminosalicylate mixture-analysis 0 
Differential titration, nonaqueous-analysis 0 Perchloric acid- 
titrant 


Table I-Recovery of Isoniazid in the Presence of Excess 
Sodium p- Aminosalicylate 


Amt. Weighed, meq. 
Sodium I Recovery, 8 - 


Isoni- p-Amino- Sodium p-Amino- 
azid salicylate Isoniazida salicylateb 


0 .1  0 . 5  100.42 f 0.42.: 99.90 f 0.50 
0 . 1  1 .o 100.10 f 0.39 100.00 f 0.41 
0.1 2.0 99.75 f 0.52 100.10 f 0.39 
0.1 3 .0  99.85 f 0.47 99.73 f 0 .52  
0.1 4 . 0  99.50 f 0.37 99.85 f 0.40 
0.1 5 .0  100.52 f 0.53 99.95 f 0.61 


Commercial dosage forms of isoniazid-sodium p- 
aminosalicylate combinations usually contain the com- 
ponents in molar proportions of 1 : 33. The conventional 
methods for the analysis of these dosage forms give 
erroneous and inconsistent results (1, 2). 


Differential titration of isoniazid-sodium p-amino- 
salicylate mixture has been described earlier ( 3 ) .  The 
method is restricted only to  the analysis of the mixtures 
having sodium p-aminosalicylate-to-isoniazid ratio up 
to 4: 1 .  


In  the present study, mixtures having large dispro- 
portion of the components were extracted with acetoni- 
trile to remove the bulk of sodium p-aminosalicylate. 
The molar proportion of sodium p-aminosalicylate-to- 
isoniazid in the acetonitrile extract was favorable for 
the differential nonaqueous titration of these com- 
pounds. The nonaqueous titrimetric procedure de- 
scribed earlier (3) was applied to  estimate isoniazid in 
the presence of sodium p-aminosalicylate in the aceto- 
nitrile extract and found to give satisfactory recovery 
of isoniazid. Sodium p-aminosalicylate content of the 
mixture was determined from total basicity obtained by 
direct titration of the mixture. 


The procedure was applied to the analysis of tablets, 
granules, and cachets and the results were found com- 
parable to those obtained by the official method (4). 


~~ ~~~~ ~ 


a Isoniazid content was determined from the titration of acetonitrile 
extract of the mixture. aAmount of sodium p-aminosalicylate was 
estimated from the total basicity of the mixture determined by direct 
titration, as described, after subtraction of the volume of titrant cor- 
responding to isoniazid content of the mixture. c Standard deviation 
based on at least five determinations. 


EXPERIMENTAL 


Apparatus and Reagents-The reagents and apparatus were em- 
ployed as described previously (3). The electrodes were dipped in 
acetic anhydride for 24 hr. before use. 


Analysis of Mixtures Containing Isoniazid and Excess of Sodium 
p-Aminosalicylate-lsoniazid-Milliequivalent quantities of finely 
powdered isoniazid and sodium p-aminosalicylate as given in 
Table I were accurately weighed and transferred to a 100-ml. 
beaker. After adding 25 ml. of acetonitrile, the mixture was stirred 
vigorously for 20 min. and filtered. The residue in the beaker was 
treated with 10 ml. acetonitrile and stirred for 5 min. and filtered. It 
was further washed twice with 5 ml. of acetonitrile. An equal volume 
of acetic anhydride was added to the combined filtrates and wash- 
ings. The mixture was stirred for 5 min. It was then titrated against 
0.1 N acetous perchloric acid. Near the second end point, 0.05 ml. of 
titrant was added at an interval of 1 min. A blank titration was per- 
formed. Titration curves were obtained by plotting potential read- 
ing (mv.) versus volume (ml.) of the titrant. 


Toral Basicity-An aliquot of the mixture equivalent to 0.25 
meq. of sodium p-aminosalicylate was accurately weighed and 
transferred to a 100-ml. beaker. Acetonitrile (25 ml.) was added to it 
and stirred. After addition of an equal volume of acetic anhydride, 
it was titrated as described previously. 


Analysis of Dosage Forms-The procedure was applied to an- 
alyze the powder mass obtained from tablets, granules and cachets. 
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Figure 3-Action of ampicillin i.u. on ihe ueniilation of a dog in 
situ. From top to bottom: iracing recorded by a balloon inserted into 
the bronchus; blood pressure (mm. Hg);  1 = control condition; 2 = 


2 min. afrer injection i.u. of I0 mg./kg. of ampicillin; 3 = 30 min. 
later: 4 = I hr. later; 5 = 2 hr. laier. 


are only in part associated with changes in bronchial tone. In fact, 
it should be noted that: (a)  the baseline of bronchial balloon pressure 
did not change appreciably in response to ampicillin, indicating that 
the resting tone of bronchial muscle was slightly or not affected by 
the drug; (b)  the ampicillin action was antagonized by the high res- 
piratory depression by morphine; and ( c )  the antibiotic action was 
unaffected after treatment with atropine, dibenamine, INPEA, 
chlorpheniramine, cyproheptadine, and hexamethonium. 


In conclusion, only in uirro is it possible to postulate the ability 
of ampicillin to relax directly the bronchial musculature. In uico 
the pressure fluctuations noted with each breath were probably not 
caused by rapid breath-to-breath changes in bronchial tone. It is 
more likely that ampicillin increased the activity of the respiratory 
center, causing an increase in ventilation and a subsequent increase 
in anatomic deadspace. 
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Determination of Epitetracycline and Chlortetracycline 
in Tetracycline by Quantitative Thin-Layer Chromatography 


I D 0  C. DIJKHUIS and MARTHA R. BROMMET 


Abstract 0 Small amounts of epitetracycline and chlortetra- 
cycline in tetracycline were determined by quantitative thin-layer 
chromatography on kieselguhr layers, impregnated with a citrate- 
phosphate solution, pH 5.5, containing 10% glycerin. The method 
involves chromatography under sharply defined conditions (relative 
humidity, temperature, and rapidity of spotting) in order to 
obtain a good separation of the different zones and to prevent 
rapid epimerization during development. After elution with 0.1 N 
HCI, epitetracycline was measured at 356 mp, while for chlortetra- 
cycline the fluorimetric method of Chicarelli was used. The possible 
identities of three other impurities-with R,  values between epitetra- 
cycline and tetracycline-are discussed ; their percentages were 
calculated as epitetracycline. 


Keyphrases 0 Epitetracycline-analysis, separation in tetra- 
cycline 0 Chlortetracycline-analysis, separation in tetracycline 0 
TLC-analysis 0 Spectrophotometry-analysis 


In 1963, Remmers et al. ( I )  described a spectrophoto- 
metric determination of 4-epitetracycline (epi-TC) in 
tetracycline (TC), based on the absorbance-ratio dif- 
ference at 254 and 267 mp. However, this method is 
not suitable for measuring small amounts of epi-TC 


in commercial samples ; accurate measurements at  
those wavelengths are disadvantageously affected by 
the presence of anhydrotetracyches (ATC, epi-ATC). 
The paper chromatographic method, reported by 
Addison and Clark (2), gives better information about 
the percentage of epi-TC. 


When small amounts of chlortetracycline (CTC) are 
to be determined, the spectrophotometric procedure, 
given by Woolford et al. (3), is not preferable. It is also 
not possible to apply the fluorimetric procedure 
[Chicarelli (4)] because the fluorescence of the CTC is 
quenched by the TC solution. 


In 1964, Sonanini and Anker (5) described the 
identification of three tetracyclines on kieselguhr layers, 
impregnated with a solution (pH 3.7) containing 5 %  
glycerin. In 1968, Ascione et al. (6) reported the separa- 
tion of some tetracyclines on the same support, im- 
pregnated with a EDTA-PEG 400-glycerin solution, pH 
- ~ n  
I .u. 


The present authors used the idea of Sonanini and 
Anker as a starting point for a quantitative determina- 
tion of epi-TC and CTC present in commercial samples 
of TC. 
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Table I-Percentages of epi-TC and CTC and Compounds A, B, 
and C in Three Commercial Samples of TC 


Sample. 
No. epi-TC, % CTC, % A, % B, % C,  Z 


I 2.4 0 0.3 0.6 0 . 6  
2.4  0 0 .3  0 . 7  0.7 
2 .5  0 0 . 2  0.9 0.7 


11 1.1 3 .4  0 . 3  0.5  0.5 
1 . 2  3.4 0 . 2  0 . 5  0 .5  


0 .4  0 . 4  0 .5  
5.5 0.1 0.4 0 .5  0.6 


EXPERIMENTAL 


Materials-Kieselguhr, Purified-One-hundred grams of Kiesel- 
guhr-G (Merck) is suspended in 500 ml. of 4 N HCI, boiled, and 
filtered; this procedure is done three times to remove the binder 
(CaSO,) and most of the iron. After washing with distilled water, the 
product is suspended in 500 ml. of a 1 % aqueous EDTA solution, pH 
3, and boiled again to eliminate traces of Fe+++ and Ca++ ions. 
The purified kieselguhr is finally washed with distilled water 
and methanol and dried at 100". As a control for purity, 500 mg. is 
suspended in 5 ml. of 0.1 N HCI and centrifuged; the absorbance 
of the clear solution at 356 mp is <0.005. 


Solution p H  5.5-Forty-three milliliters of citric acid (0.1 M ) ,  
57.0 ml. of Na2HP04.2Hz0 (0.2 M), and 10 ml. of glycerin (sp. gr. 
1.23) were used. 


Tetracycline Hydrochloride (USP Reference Standard, Packaged 
July 1968)-Dried over P205 at 60" in uacuo. Absorbance of a 1 % 
solution in 0.1 N HCl in a 1-cm. cell at 356 mp is 308. Impurities: 
ATC, 0.1 % [spectrophotometric (711; CTC, 0.3%; epi-TC, 0 .52;  
Compound A, 0.1%; Compound B, 0 .22;  Compound C, 0.2%'. 


solution in 
0.1 N HCl in a 1-cm. cell at 356 mp is 316. Impurities: epi-ATC, 
0.3 [spectrophotometric (7)]; TC, 0.5 %. Because of its instability, 
epi-TC was only used in calculating the recoveries of epi-TC and 
TC after spotting and elution. 


Chlortetracycline Hydrochloride-From capsules (Aureomycin), 
dried over P20j  at 60" in uacuo. Absorbance of a 1 solution in 0.1 
N HCl in a 1 -cm. cell at 269 mp is 194; this value has been corrected 
for the absorbance of TC present in CTC (0.6%, determined hy 
quantitative TLC). 


Oxytetracycline (OTC), 2-acetyl-2-decarboxamido-tetracycline 
(ADTC),' methacycline (MTC), anhydrotetracycline (ATC),' and 
epi-anhydrotetracycline (epi-ATC)' were used for the thin-layer 
chromatographic identification of other impurities in tetracycline. 


Kieselguhr Layers-Layers (0.25 mm.) were prepared with the 
Desaga apparatus by application of a slurry of 4 g. purified kiesel- 
guhr in 8 ml. of the solution, pH 5.5 ,  per 20 X 20-cm. glass plate. 
The plates were stored at 15" and a relative humidity of 65-75Z 
during 2 days before use. 


Epitetracycline Ammonium Salt'-Absorbance of a 1 


All chemicals used were of analytical grade. 
Microliter pipets, 5-~1., 55-mm. length (microcaps, Drummond 


Scientific), were used. 
Apparatus-Beckman DU spectrophotometer. Filter-fluorimeter, 


primary filter 364 mp, secondary filter 414 mp. TLC-tank, 20 X 
20 X 8 cm., saturated with dichloromethane-ethanol 95% (9:l) 
at 15". 


PROCEDURES 


Chromatography-The sample of TC is dissolved in methanol at 
0" in a concentration of 20 mg. per ml. Approximately 1 mg. of 
the sample (= p mg. dried substance) is spotted rapidly over 15 cm. 
and the plate is placed immediately in the developing solvent 
[dichloromethaneeethanol 95 % (9: 1) at 1 5 " ] .  The time between 
spotting and developing must not exceed 3 min. The fluorescing 
zones are marked under longwave UV light. 


_ _ _ _ _ _ ~ ~ ~  ~~ ~ 


1 The authors are grateful to Dr. J. Keiner (Jena, D.D.R.) for his 
gift of ADTC and to, Mr. J. Ribbers (Organon, Holland) for the prep- 
aration of highly purified epi-TC, ATC, and epi-ATC. 


R j  values are: epi-TC, 0.1; Compound A, 0.17; Compound 
B, 0.30; Compound C, 0.38; TC, 0.55-0.65; CTC, 0.80; epi-ATC, 
0.85; ATC, 1. 


If necessary, the fluorescence of CTC can be activated by spraying 
a few milliliters of 0.01 N NaOH on the plate. Activation of the 
fluorescence of epi-TC, by spraying with NaOH or by holding the 
plate above ammonia vapor, is not recommended because of rapid 
decomposition of this compound. 


Assay of Epitetracycline (Hydrochloride)-The epi-TC zone is 
scratched off, transferred into a stoppered centrifuge tube, and 
extracted with 5.00 ml. of 0.1 N HCl. After centrifuging, the ab- 
sorbance (A)  of the clear solution is determined at  356 mp. To 
eliminate inaccuracies in spotting and elution, 50 mcg. of the TC 
standard (concentration 1 mg. per ml.) is spotted over 15 cm.; 
after elution with 5.00 ml. of 0.1 N HCl, the absorbance at 356 mp 
is determined (= Ahtand.). 


A X 5  % epi-TC = 
Astnnd. X P 


In this laboratory the &and. for TC was 0.277 zk 0.003 (recovery 
90%), while for epi-TC with the same procedure a recovery of 
91% was obtained. The absorbance of the bbnk-250 mg. of 
developed kieselguhr per 5.00 ml. of 0.1 N HQ-was negligible; 
also the background absorbance between epi-TC and Compound A 
was very small (about 0.005), and therefore no correction had to be 
made. This background absorbance, due to epimerization during 
development, increased at higher R ,  values; the values of the per- 
centages of Compounds A, B, and C in Table I were corrected 
with 0.1, 0.2, and 0.2, respectively. 


Assay of Chlortetracycline (Hydrochloride)-The CTC zone is 
scratched off, transferred into a stoppered cemtrifuge tube, and 
extracted with 5.00 ml. of 0.2 N NaOH. After centrifuging, the 
fluorescence of the clear solution is determined about 15 min. 
after NaOH addition, adjusting the reading of the galvanometer at 
a suitable value. The percentage of CTC (hydrochloride) IS calcu- 
lated from the standard curve. 


CTC Standard Curve-To eliminate inaccuracies in spotting and 
elution, 5, 10, 15, and 20 mcg. of the CTC standard (concentration 
0.5 mg. per ml.) are spotted over 1 5  cm. After elution with 5.00 
ml. of 0.2 N NaOH the fluorescence is measured. In this laboratory 
the recovery of the CTC standard was 97 f 3 z, while Beer's law 
was obeyed. 'The fluorescence of the blank was nil. 


DISCUSSION 


Before good results could be obtained in the determination of 
epi-TC and CTC in TC, many problems had to be solved. While 
the qualitative examination of these substances was easy-because 
only 1-5 mcg. of a sample of TC can he spotted on the plate-it 
was rather difficult to separate them when 1-1.5 mg. had to be 
examined. (These great quantities were necessary for spectrophoto- 
metric measurements.) Moreover, epi-TC and CTC also had to be 
separated from five other impurities present in most commercial 
samples of TC: ATC, epi-ATC, and the Compounds A, B, and C. 
Finally, chromatography on one plate and with one developing sol- 


Figure 1-The quantitatiue TLC separatioti of the impurities in 
commercial tetracycline hydrochloride. 
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Figure 2-Chromatogram of five possible impurities in conzmercial 
tetracycline (OTC, ADTC, MTC, CTC, and ATC are standard 
substances). 


vent was tried. After rejecting ethyl acetate and chloroform-acetone 
(1 :1 )  and kieselguhr layers pH 3.7 (51, dichloromethane-ethanol 
95% (9: 1)  was selected, in combination with kieselguhr impreg- 
nated with a buffer solution pH 5.5, containing 10% glycerin. 
In order to obtain reproducible values in the determination of 
epi-TC, the influence of the chemicals used and the influence of 
small variations in the technique were studied. It was found that the 
separation of the zones depended greatly on the amount of purifica- 
tion of the kieselguhr and on the condition of the layer before and 
during development (relation of relative humidity to temperature). 
Further, it was observed that the partial conversion of TC into 
epi-TC during the determination was strongly influenced by the 
amount of time between spotting and development and by the 
temperature of the methanolic TC solution, Working under the 
conditions described under Procedures, the epimerization is negli- 
gible and the chromatogram shows sharply defined zones of about 
0.5 cm. width. Because the recoveries of epi-TC and TC are prac- 
tically equal, TC is preferred as a standard substance for epi-TC 
determinations, being more stable than epi-TC. 


As to CTC, the fluorimetric procedure is preferable because of 
its high sensitivity. Only very high percentages of epi-ATC (R, 
0.85) might quench the fluorescence. 


In nearly all samples of TC, three yellow fluorescing zones 
between epi-TC and TC were observed (Fig. 1) After elution with 
0.1 N HCI, maximum absorbances were found at about 355 mp. 
Two-dimensional TLC using methyl ethyl ketone saturated with 
the buffer solution, pH 5.5, as second phase suggests that their 
identities might be oxytetracycline (R, 0.17), 2-acetyl-2-decarbox- 
amido-tetracycline (R ,  0.30), and methacycline (R,  0.38) (Fig. 2) .  
Keiner et al. (8) used this developing solvent, pH 4.7, to separate 
ADTC from epi-TC and TC. However, the authors did not succeed in 
a definite identification by IR, mainly due to the large quantity of 
eluted glycerin and to  the decomposition of these three compounds 
during the isolation. They were determined quantitatively-calcu- 
lated as epi-TC-to give an idea of the possible errors in epi-TC 
determination if no sharply defined zones can be obtained. 


The methods for the determination of epi-TC and CTC are not 
limited to tetracycline substances but can also be performed in 
some TC formulations. For aqueous solutions and suspensions of 
TC, it is recommended in most cases to freeze-dry the preparation 
and to spot after dissolving in methanol. 


Finally, this quantitative TLC method can also be applied to 
determine impurities in other tetracyclines like chlortetracycline, 
demethylchlortetracycline, and methacycline. In oxytetracycline 
studies, however, the solvent system used in development should 
be replaced by another one. 
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utility would be in the former category, especially in a graduate 
course in alkaloids. 


The material covered is thorough and the author’s viewpoint 
regarding the unbalanced progress in the study of alkaloid bio- 
chemistry is heartily supported by the reviewer, i .e.,  quite a bit is 
known about alkaloid biosynthesis but very little is known about 
function or degradative pathways. For example, the author cites 
the work of Fairbairn, who showed that the morphine alkaloids 
are not end products of metabolism but appear to be actively 
turned over at a rapid rate. Similar studies of this type are sadly 
lacking and much more work is needed in this area. It may well be 
that alkaloids are active metabolites within plants. 


In any book there is a certain lag period between the literature 
survey, writing, and official publication. The lag period works 
against areas of research which are making active progress. A 
specific example of material which has been greatly extended since 
publication of the book is the work on the biosynthesis of indole 
alkaloids. This problem has now been pretty well cleared up and a 
monoterpenoid precursor is well established for the Cs or Clo unit 
involved. This is not a criticism of the author but is cited to point 
out some problems even with monographs of this type. Indeed, 
overall I believe the book to be quite up to date. 


In summary, the book is clearly written, well organized, and 
readable. The major alkaloids are covered according to structural 
types and their biochemistry discussed. I would recommend its use 
in courses of natural products and especially in courses emphasizing 
alkaloids. It is a welcome addition to the library of books dealing 
with natural products. 


Reviewed by John Tashiro 
College of Pharmacy 
University of Rhode Island 
Kingston, RI 02881 
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Gas-Liquid Chromatographic Determination of Melphalan 


J. T. GORAS", J. B. KNIGHT?, R. H. IWAMOTOt, and P. LIMt 


Abstract 0 The gas-liquid chromatography of melphalan and its 
decomposition products, determined as trimethylsilyl derivatives, 
is reported. The application of this procedure to the quantification 
of intact melphalan in a pharmaceutical preparation is described. 


Keyphrases Melphalan and dosage forms-analysis 0 GLC- 
analysis 0 Chrysene-internal standard 0 Mass spectroscopy- 
identification 


The compound p-di(2-chloroethyl)amino-~-phenyl- 
alanine, NSC 8806 (melphalan, L-sarcolysin, L-phenyl- 
alanine mustard), is a chemotherapeutic agent used in 
the treatment of various tumors (1-7). Because the drug 
is susceptible to hydrolytic degradation, an assay pro- 
cedure that quantitatively measures intact melphalan in 
the presence of its hydrolysis products was desired. The 
hydrolytic degradation of melphalan (I) (8, 9) and re- 
lated nitrogen mustards (10-12) has been reported as a 
replacement of one or both chlorine atoms by hydroxyl 
groups to give Forms I1 and I11 (see Scheme I). 


OH - /CH2CH2C' d 
R-N\ 


CH2CH2C1 
I 


OH- FHLCH20H fHLCHLC1 
\CH2(:HIOH \cH,cH,oH 


- R-N R-N 


I1 I11 
R = ~-phenylalanine for melphalan 


Scheme I 


Quantitative procedures that have been applied to 
melphalan include direct U V  spectrophotometry, ionic 
and total chlorine determination, spectrophotofluorim- 
etry (8), and a colorimetric assay utilizing y-(Cnitro- 
benzy1)pyridine (NBP) (12, 13). The first three proce- 
dures are inherently nonspecific in this application. The 
NBP assay has been employed by Friedman et al. (12) to 
study the hydrolysis of two simpler nitrogen mustards. 
However, it has been recently demonstrated that the 
NBP reagent is reactive with both Forms I and I1 of a 
mustard similar to melphalan and cannot be considered 
specific for the intact molecule (14). 


Klebe et al. (15) have shown that, in the absence of 
moisture, many amino acids form stabile and volatile N-  
and O-bonded trimethylsilyl derivatives with bis(tri- 
methylsilyl) acetamide (BSA) and may be assayed by 
GLC. Other silylating reagents have been used for 
quantitative preparations of trimethylsilyl derivatives of 


~~ 


1 Manufactured as Alkeran by Burroughs Wellcome and Co. 


amino acids (16), but BSA was preferred for these experi- 
ments because of its higher reactivity as a silyl donor. 


Quantitative conversion of amino acids to trimethyl- 
silyl derivatives is accomplished simply by dissolving 
either the free amino acids or their hydrochlorides in an 
excess of BSA reagent. Degradation products I1 and 111 
are capable of further reaction with BSA to form Com- 
pounds V and VI, respectively (see Scheme 11). 


CHLCHLOSi(CHJ)J 
/ R'-N /CH2CH2C' R-N 


\c.H2CH,Ci 'CHICH,C1 
IV v 


CH,CH,O Si (CH,), 


\CH,CH,OSi(CH?), 


/ 
R'-N 


VI 


0 a- ll 
R' = (CH,),SiO-C-CH-CH, 


I 
HkSi(CH,,)J 


Scheme I I  


Melphalan bulk, which served as a reference standard, 
was silylated with BSA and chromatographed as the 
trimethylsilyl derivative of the intact compound. A mix- 
ture of hydrolytic decomposition products was pre- 
pared, silylated, and chromatographed under the same 
conditions. Peaks having retention times of 1.1 and 1.3 
relative to the intact melphalan derivative (IV) were 
recorded and identified as trimethylsilyl derivatives V 
and VI, respectively. The separation permitted the quan- 
titative determination of intact melphalan in a freeze- 
dried dosage formulation containing mannitol. With the 
use of an internal standard, the assay is accurate as well 
as rapid and specific. 


EXPERIMENTAL 


Reagents and Materials-Melphalan bulk used in this study was 
provided by the Drug Distribution Unit of Cancer Chemotherapy 
National Service Center, National Institutes of Health. A sterile, 
freeze-dried intravenous dosage formulation of melphalan di- 
hydrochloride was prepared from bulk material by this laboratory. 
Each Vial contained 50 mg. of melphalan and 100 mg. of mannitol. 
A purified grade of BSAZ in septum-stoppered vials was obtained 
for the experiment. A solution of chrysene3 in chloroform (2.5 
mg./ml.) was prepared fresh daily for use as an internal standard. 
The column packing employed for GLC was a laboratory prepara- 
tion consisting of 2.5 (w/w) of a silicone polymer* on acid-washed, 


2 Pierce Chemical Co., Rockford, Ill. I 
3 Aldrich Chemical Co., Milwaukee, Wis. ! 
4 SE-54, General Electric Co., Waterford, N. $. 
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Table I-Mass Spectral Analysis of Fractions 1 "  
Retention -Molecular Weight-- 


Compound Time, min. Theory Found 


IV 
V 


VI 


12.6 
15.2 
17.5 


448 
502 
556 


447 
502 
556 


Table 11-Retention Times 


Relative 
Retention Time 


IV 
V 
VI 
Mannitol-TMS 
Chrysene 


1.0 
1 .1  
1 .3  
0.13 
0.66 


silanized, SO/lOO mesh diatomaceous earth.5 All solvents were re- 
agent grade quality and used as supplied. 


Instrumentation-A gas chromatograph6 equipped with a flame- 
ionization detector and an all-glass column (1.8 m. long, 3 mm. 
id.) was employed for quantitative work. Prepurified nitrogen was 
used as the carrier gas at a flow rate of 30 ml./min. The column oven 
was operated isothermally at 210", the injector at 250°, and the de- 
tector at 215 '. A similar gas chromatography system7 was used to  
obtain fractions for mass spectrometry analysis. The mass spectral 
data wereobtained from a modified massspectrometer* withan upper 
limit of m/e 500 and with resolution capabilities of 1/1OOO. 


Procedures-Derivatives were prepared for qualitative GLC 
analysis by reacting approximately 10 mg. of dry sample 
with 0.5 ml. of BSA. The reactions were carried out in 
I-ml. septum-stoppered vials, and BSA was introduced with a 
hypodermic syringe to exclude atmospheric moisture. The reactions 
were complete in 1 5  min. at room temperature, and 3-pI. portions of 
the solutions were injected onto the column with a microliter 
syringe.9 This procedure was followed using samples of melphalan 
bulk, melphalan freeze-dried dosage formulation, and hydrolytically 
degraded melphalan. The latter material was obtained by heating an 
aqueous solution of bulk melphalan at 40" and carefully monitoring 
the extent of the hydrolysis by measuring the amount of ionic chlo- 
rine liberated. When the concentration of ionic chlorine represented 
one-half of the total chlorine, the solution was cooled and lyo- 
philized. 


The quantification of intact melphalan in the freeze-dried dosage 
formulation was accomplished with the aid of an internal standard. 
Exactly 10.0 ml. of internal standard solution was added to the con- 
tents of each vial. The vials were fitted with septum-stoppered caps 
and 2.5 ml. of BSA was introduced with a hypodermic syringe. The 
vials were shaken and allowed to stand at room temperature for 1 
hr. A syringe was used to withdraw 4-j11. portions of the solutions 
for injection onto the column. A standard solution was prepared for 
each series of samples by following the same procedure with an 
accurately weighed quantity of melphalan bulk approximately 
equivalent to that in the samples. The initial injection was used only 
to condition the column and the associated chromatogram was dis- 
regarded. Samples and standard solution were alternately chromato- 
graphed. 


Calculations-Peak heights were measured from adjusted base- 
lines and the peak height ratios of intact melphalan to chrysene were 
determined. The quantity of intact melphalan in the samples was 
determined by direct comparison of peak height ratios between 
samples and standard solution. 


Identification of Derivatives-Samples of the trimethylsilyl deriva- 
tives were collected at the exit port of the gas chromatograph for 
identification. The collected fractions were protected from atmo- 


5 Chromosorb W, Johns-Manville Corp., New York, N. Y .  
6 Perkin-Elmer model 801. 
7 Beckman model-GC-5. 
* Consolidated Electrodynamics Corp. model CEC-105. 
g Hamilton Co., Whittier, Calif. 


E n 


TIME (1-MINUTE INTERVALS) 


Figure 1-Chromatogram of an assay preparation from freeze-dried 
dosage formulation: A = solvent, B = mannitol-TMS, C = im- 
purity in chrysene, D = chrysene, E = melphalan-TMS (IV), F = 
decomposition product-TMS ( v>. 


spheric moisture and immediately analyzed by mass spectrometry. 
The mass spectral data are summarized in Table I. In the case of the 
fraction representing the derivative of melphalan reference material, 
sufficient sample was isolated to allow recovery of the parent com- 
pound by hydrolysis of the trimethylsilyl groups. The resulting pro- 
duct, melphalan, was identified by IR spectroscopy and paper 
chromatography. 


RESULTS AND DISCUSSION 


Qualitative Determinations-The silylated melphalan reference 
samplechromatographed as asinglecomponent. Threecomponents, 
the first of which corresponded to the reference sample, were ob- 
tained when partially hydrolyzed material was silylated and chro- 
matographed. Fragments common to N,O-bis(trimethylsily1) deriv- 
atives of amino acids (17) and aryl amino acids (18) were prom- 
inent in the mass spectrum of each fraction. Molecular weights 
determined from the mass spectral data were in agreement with 
those calculated for IV, V, and VI. In addition, paper chromato- 
graphic and IR spectroscopic analyses established that the parent 
compound of the reference sample derivative was intact melphalan. 


GLC analysis of silylated dosage formulation revealed the pres- 
ence of V. Mannitol in the formulation eluted early as a silylated 
product and posed no problem. Relative retention times are given in 
Table 11. 


The same elution order was found when the derivatives were 
chromatographed using a relatively less polar liquid phase;" how- 
ever, the order was reversed when a relatively more polar phase" 
was employed. 


Quantification of Intact Melphalan in Dosage Formulation-A 
typical chromatogram for the assay of a freeze-dried dosage formula- 
tion preparation is shown in Fig. 1 (in this particular assay, Com- 
pound VI is not present). Chrysene was selected for the internal 
standard because it is nonreactive with BSA and no decomposition 
products elute at or near its retention time (0.66 relative to intact 
melphalan). 


10 SE-30, General Electric Co. 
1 1  OV-17, Applied Science Labs,, Inc., State College, Pa. 
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The average of five replicate determinations for percent intact 
melphalan in a single vial of dosage formulation was 88.7% with a 
standard deviation of 1 (range = 2.5 %). 


Variations of less than 3 % were found in the assay of several vials 
from the same production lot. The samples and reference solutions 
may be used for quantitative work up to 24 hr. after preparation. 
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Synthesis of 
4- t p-[ (2-Chloroethyl)-(2-hydroxyethyl)amino]phenyl~ butyric Acid 
and Its Behavior in the 4-(4-Nitrobenzyl)pyridine 
Assay Procedure 


M. K. BALAZS*, C. A. ANDERSON, R. H. IWAMOTO, and P. LIMt 


Abstract 0 The synthesis of 4- (p-[(2-chloroethyl)-(2-hydroxyethyl)- 
amino]phenyl) butyric acid is reported. Investigation of the be- 
havior of this compound in the NBP assay procedure showed that it 
alkylates NBP in a manner similar to chlorambucil. Therefore 
the results obtained from the assay of chlorambucil and similar 
aryl nitrogen mustards by the NBP method must be interpreted 
with due caution. 


Keyphrases 4-(p-[(2-Chloroethyl)-(2-hydroxyethyl)amino]- 
phenyl } butyric acid-synthesis 0 4-(4-Nitrobenzyl)pyridine 
alkylation4- (p-[(2 - chloroethy1)- (2 - hydroxyethyl)amino]phenyl) - 
butyric acid 0 Chlorambucil analysis4- (p-[(2-chloroethyl)-(2- 
hydroxyethyl)amino]phenyl} butyric acid interference Color- 
imetric analysis-spectrophotometer 0 TLC-separation, identi- 
fication IR spectrophotometry-structure NMR spec- 
troscopy-structure 


The compound 4-(4-nitrobenzyl)pyridine (NBP) has 
been used as an analytical reagent for alkylating agents, 
among which are the nitrogen mustards such as mel- 
phalan, chlorambucil,2 and uracil mustard. The 


1 4- {p-[Bis(2-chloroethyl)amino] 1 phenyl-L-alanine. 
2 4- {p-[Bis(2-chloroethyl)amino] { phenyl butyric acid was furnished 


3 5-[Bis(2-chloroethyl)amino]uracil. 
by Cancer Chemotherapy National Service Center. 


general method involves the alkylation of NBP; subse- 
quent basification results in the formation of a chromo- 
phore whose intensity can be measured photometrically. 


The following reaction sequence has been suggested 
by Petering and Van Giessen (1) (Scheme I). 


R-N /CHzcHzC1 ‘CH~CH~CI + N Q - - C H , - @ - N O ~  - 
R c1- 


CICH,CH,N-CH,CH,-N D C H - N O ,  - I 
R 


Scheme 1 


Holtzman (2) reportedly was able to isqlate the prod- 
uct obtained from the reaction of mus/tard gas with 
NBP; he identified it as the mono-NBP product. 


The NBP procedure has been considered in the au- 
thors’ laboratories for the assay of chlorambucil. One 
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Pharmacokinetic Profile of Coumermycin A, 


STANLEY A. KAPLAN 


Abstract 0 The pharmacokinetic profile of coumermycin A1 has 
been determined in man following intravenous and oral adminis- 
tration. The antibiotic is eliminated slowly from the bloodstream 
and appears to be highly biotransformed. The plasma level versus 
time curve after intravenous injection is consistent with a twocom- 
partment open system containing a primary compartment with a 
volume equivalent to the volume of plasma water. The design of a 
pharmacokinetic model is discussed. 


Keyphrases 0 Coumermycin A1-pharmacokinetic profile 0 Ab- 
sorption, elimination-coumermycin A1 Model, two-compart- 
ment open-coumermycin A1 0 Kinetic equations-coumermycin 
Al absorption, elimination 


Coumermycin Al is an antibiotic isolated from 
Streptomyces hazeliensis var. hazeliensis nov. sp. 
which exhibits antistaphylococcal activity in vitro and in 
uiuo (1). The compound, a monosodium salt, has a 
molecular weight of 1132. Coumermycin A1 is a bis- 
hydroxy coumarin with two weakly acidic groups 
which are widely separated spatially in the molecule and 
therefore ionize simultaneously with an approximate 
pKa of 6. The three pyrrole groups are weakly acidic, 
pKa > 11, and may decrease the solubility of the com- 
pound due to  hydrogen bonding. The compound is only 
very slightly soluble in water at 25”.  The structure is 
given as I (2 ) :  


C K  
CH3 I oJo ‘ ’ NH- 


i)H 
-co 


The pharmacokinetic profile of coumermycin A, was 
determined in four human subjects based on the serum 
level data obtained from the report of a clinical study 
on file (3,4). 


EXPERIMENTAL 


Protocol-Four healthy human adults fasted overnight, received 
single intravenous and oral doses of coumermycin A1 at the Special 
Treatment Unit of Martland Hospital. Subjects A and B each re- 
ceived single 50-mg. doses intravenously and orally, 3 weeks apart. 
Subjects C and D each received single 100-mg. doses intravenously 
and orally, 2 weeks apart. The drug was administered in the dosage 
forms presently used in clinical trials. Blood and urine specimens 
were collected periodically and the serum separated and frozen for 
subsequent analysis. 


Microbiological Assay-Coumermycin A1 was analyzed by the 
cup plate assay employing Staphylococcus aureus HLR No. 82. The 
sensitivity ofthe method is 0.08 mcg./ml. of biological fluid (4). 


RESULTS AND DISCUSSION 


The serum level data following both intravenous and oral ad- 
ministration of the drug are presented in Figs. 1-4. Following the 
intravenous injection of coumermycin A1, a biexponential serum 
level curve is obtained with all four subjects. The consideration of 
the disposition of coumermycin A1 in terms of a two-compartment 
open system model is therefore a minimal requirement in order to 
describe adequately the distribution of the drug into the body. The 


CH, 


0 


0 
I 
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Figure I-Coumermycin A1 serum Ieaels in Subject A following the 
i.v. and oral administration of a single 50-mg. dose. Key: e, i.v. 
(data point); X- - -, oral (data point); and -, i.v. (calculatedcurve). 


basic equations of the two-compartment open system model have 
been described by Riegelman et al. (5) .  


Solution of the differential equations resulting from a two-com- 
partment open system model yields the following integrated solution 
describing the blood level-time curve after a single intravenous injec- 
tion: 


C, = Ae-at + Be-Bt 


where C, is the concentration of the drug in the plasma, A and Bare 
the zero-hour ordinate axis intercepts, and a and @ are both hybrid 
rate constants reflecting all the individual rate processes. The term 
-8/2.303 is the slope of the linear portion of the curve and B is its 
extrapolated zero-hour intercept. Resolving the curve into its two 
components by the method of residuals yields a second linear seg- 
ment with a slope of -a/2.303 and an extrapolated zero-hour in- 
tercept of A. 


The disposition data of coumermycin A1 were evaluated in terms 
of the two-compartment open system model as described by Riegel- 
man et al. ( 5 )  Model I, as shown below: 


lI?zIl central compartment 


I and excretion I 


where k12 and kzl are the first-order rate constants of distribution, 
and kla is the sum of the simultaneous processes of biotransforma- 
tion and excretion, all assumed to be first-order processes. The con- 
stants, A, B, a, and @, were obtained graphically. They were then 
used with the appropriate equations to evaluate the rate constants 
of the two-compartment open model shown above. In addition, the 
volume of the central compartment ( V,) was determined and found 
to range in the four subjects studied from 2.6-3.5 1. It is interesting 
to note that this volume corresponds almost exactly with the volume 
of the plasma water. 


Usually when a single dose of a drug of small molecular size is 
injected intravenously the blood plasma does not behave as a dis- 
cernible compartment. Mixing in the plasma is not instantaneous 
since a few recirculations of blood may be required before mixing is 
complete. Moreover with small molecules, filtration and diffusion 
out of the capillary beds is extremely rapid so that by the time the 


0 1 1 


0 5 10 15 20 25 30 35 40 45 50 
TIME. hr. 


Figure 2-Coumermycin A1 serum levels in Subject B following the 
i.v. and oral administration of a single 50-mg. dose. Key: e, i.v. 
(data point); X - - -, oral (data point); and -, i.v. (calculatedcurve). 


drug is uniformly distributed in the plasma, the drug has already 
penetrated into a much larger volume. It would be this larger volume, 
which includes the blood plasma, that constitutes the apparent in- 
itial volume of distribution for small drug molecules. 


In contrast, coumermycin A1 is a rather large molecule with a 
molecular weight of 1 132 and is highly bound to plasma albumin 
(3). In cases where a large molecule is administered, and/or if the 
molecule is firmly bound, one may be able to identify a separate 
plasma compartment by analyzing the early part of the curve of 
serum level versus time. In fact, the V, values of coumermycin A1 in 
the four subjects studied bear this out in that the V,  range of 2.6-3.5 
1. corresponds directly to the plasma water compartment per se. 
Therefore, the usual concept of a central compartment as defined by 
Riegelman ( 5 )  may be inappropriate for the disposition of coumer- 
mycin Al. In the model for the disposition of coumermycin At the 
first compartment apparently reflects solely the plasma water, while 
the second compartment comprises the remaining body distribution 
space. It is interesting to note that only one other report (6) was 
found with an example of a defined plasma water compartment, and 
this too was for a highly bound drug. 


In designing a model for the disposition of coumermycin A1 the 
following additional factors should be considered. The drug is not 
eliminated from the central or plasma compartment inasmuch as 
intact drug is not excreted, and biotransformation can be assumed 
not to occur in the plasma since the drug is not hydrolyzed or de- 


.--.. 
-.... , ----....- 


g 0.1 i L -2 - 2 - L -  I L- 1-L̂ -1.L 
0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
0 


TIME, hr. 


Figure 3-Coumermycin A1 serum levels in Subject C following the 
i.u. and oral administration of a single 100-mg. dose. Key: a, i.v. 
(data points); X- - -, oral(datap0ints); and-, i.v. (calculatedcurve). 
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graded in the plasma. Therefore biotransformation is occurring 
elsewhere in the body. 


The above factors indicate that the appropriate model for the 
disposition of coumermycin A1 may then be as follows (Model 11): 


Compartment No, 1 , Compartment No. 2 


k21 Ti and tissues 
plasma water extracellular water 


biotransforma tion 


As with the previously described model the concentration of drug 
in the plasma, C,, as a function of time is given by the equation: 


C, = Ae-al + Be-Bj 


a and p are both hybrid rate constants reflecting all the individual 
rate processes, while klz,  kZ1, and k23 are individual rate constants 
calculable from this equation, as described in Appendix I .  


By assigning k23 as the elimination rate constant in Model I1 we 
make the assumption that Compartment 2 is homogeneous, i.e., 
the total amount of drug in the compartment is immediately ac- 
cessible to the elimination mechanism. This assumption would be 
meaningful if the drug were distributed essentially into the liver. 
However, Compartment 2 in Model I1 represents the entire avail- 
able body space minus the plasma and until such time that tissue 
level studies are completed the utility of Model I1 is governed by the 
accuracy ofthis assumption. 


The rate constants associated with each of the models were cal- 
culated and are presented in Table I. In evaluating both models 
in terms of the disposition of coumermycin AI, it should be noted 
that the elimination rate constant, k13 as defined in Model I, may 
be an overestimate of the elimination rate since the model design 
indicates that only the relatively small fraction of drug in the plasma 
compartment, Compartment No. 1, is immediately available for 
elimination. On the other hand the elimination rate constant, kzs, in 
Model I1 may be an underestimate of the elimination rate for the 
author is assuming that Compartment 2 is homogeneous with 
all the drug contained therein immediately available for elimination. 
The elimination rate constant, therefore could be some value other 
than kI3  or k23. It should also be noted that since individual com- 
partments are not detected, the corresponding rate constants into 
and out of compartments are not specific in that they do not apply 
to any real compartments. 


Although the value of the elimination rate constant is interesting 
from a purely pharmacokinetic point of view it is not as meaningful 
physiologically, in terms of the disposition of the drug as is 8, the 
apparent elimination rate of the drug. Therefore, the inability to 
define the value of the elimination rate constant at this time will 
not alter the validity of the pharmacokinetic profile of coumermycin 
A1 presented herein. In fact, one might wonder in this particular case 
as to the relevance of the elimination rate constant in defining the 
physiological disposition of a drug. 
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Figure 4-Coumermycin A1 serum levels in Subject D following the 
i.v. and oral administration of a single 100-mg. dose. Key: 0, i.v. 
(data points): X- - -, oral(datapoints); and-, i.v. (calculatedcurve). 


Physiological Disposition Characteristics of Caumermycin A1-h 
describing the physiological disposition of coumermycin A, many 
of the calculated parameters are independent of Models I and 11. 
This model independence results from the fact that certain constants 
such as A, B, a, and 0 are the same for both models. It is these 
model independent parameters, therefore, which will now be dis- 
cussed in terms of the pharmacokinetic profile of coumermycin AI. 
They are presented in Table 11. It should be noted that the simulated 
intravenous blood level curves in Figs. 1-4 obtained using A,  B, a, 
and 0 coincide quite well with the experimentally determined data 
points. 


Elimination Characteristics-The results in Table I1 indicate that 
coumermycin A1 has a fast disposition rate constant, a, which 
ranged from 25.7-41.2 z/hr.,  corresponding to a half-life of 2.7-1.7 
hr. The slow disposition rate constant, p, derived from the slope of 
the linear segment of the serum level curve reflects the apparent 
elimination rate of the drug from the body. The slow disposition 
rate constant, 0, ranged from 1.5-4.7z/hr., corresponding to a 
half-life of 46.3-14.8 hr. 


It should be noted that in the four subjects studied tbere scems to 
be a trend toward a decreased elimination rate with increase of dose. 
However, there were too few subjects studied to  make any definitive 
statement at this time. As seen in Table 11, as the dose was in- 
creased the apparent half-life increased as follows: 


Subject 
B 
A 
C 
D 


Half-Life of 
Dose, mg./kg. Elimination, hr. 


0.61 14.8 . . .~ 


0.78 
1.02 
1.85 


20.6 
28.6 
46.3 


This might be a result of saturation of plasma- or tissue-binding sites 
and/or saturation of the metabolizing enzymes. 


Another parameter, the fraction of drug in the body in the cen- 
tral compartment (fc) during the @-phase (7) was found to be very 
close when calculated with the elimination rate constant from either 


Table I-Rate Constants for the Disposition of Coumermycin A1 as a Function of Model 


Subject A B C D 


a, hr.-1 0.405 0.412 0.306 0.257 
p hr.-1 0.034 0.047 0.024 0.015 
A, mcg./ml. 15.85 9.82 31.85 28.03 
B, rncg./ml. 3.48 4.49 4.20 4.71 


Model I Model I1 Model I Model I1 Model I Model I1 Model I Model I1 
klz, hr.-I 0.201 0.338 0.178 0.297 0.145 0.273 0.144 0.222 
kzl, hr.-I 0.101 0.060 
k13, hr.-l 0.137 - 0.121 
kza, hr.- 1 - 0.041 - 0.065 - 0.027 


0.033 


- 0.017 
- 


0.058 0.030 0.049 
- 0.079 


0.160 0.097 
- 0.127 
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Table 11-Pharmacokinetic Profile of Coumermycin Al in Four Human Subjects (Model Independent Parameters) 


-B . -c- -. -D-- 
Subject Model I Model 11 Model I Model I1 Model I Model I1 Model I Model I1 


Dose, mg. 50 50 100 100 
Body weight, kg. 64.0 82.7 97.8 54.1 
Dose, mg./kg. 0.78 0.61 1.02 1.85 
I.V. data 
a, hr.-l 0.405 0.412 0.306 0.257 


corresponding tV2, hr. 1.71 1.68 2.26 2.69 
P,  hr.-1 0.034 0.047 0.024 0.015 


corresponding t 1 / 2 ,  hr. 20.6 14.8 28.6 46.3 
A,  mcg./ml. 15.84 9.82 31.85 28.03 
B, mcg./ml. 3.48 4.49 4.20 4.71 


Fraction of drug in central compartment, fc 
= Plkla or 0.25 - 0.39 - 0.19 - 0.19 - 


0.11 - 0 . 2  = 1 - P/kZa - 0.17 - 0.28 - 
V p  = volume of central compartment, 1. 2 . 6  3 . 5  2 . 8  3 . 1  
Oral data of dose absorbed 


Calculated from area ratio (oral/i.v.) 16.9 12.7 15.2 28.4 
Calculated from kinetic constants 16.4 14.0 13.2 13.0 14.4 13.0 30.4 28.0 
Amount of drug absorbed, mg. 8 . 3  7 .7  6 . 5  6 . 4  14.8 14.1 29.4 28.2 
Z of absorbed dose absorbed at: 
I "  


1 hr. 
2 hr. 
3 hr. 
4 hr. 
6 hr. 
8 hr. 


24 hr. 
Absorption rate, h r . 3  


7 . 4  8 . 7  4 . 9  5 .0  6 . 6  7 .3  10.0 10.9 
31.7 37.0 25.7 25.9 19.1 21.1 26.5 28.8 


53.6 58.2 50.8 59.3 49.8 50.2 38.5 42.5 
61.4 71.6 71.6 72.2 52.5 58.1 64.7 70.3 
80.9 94.4 94.2 94.7 72.3 80.1 80.1 86.9 
85.9 100 100 100 75.0 83.0 83.9 90.8 
98.3 94.0 94.4 100 100 
0.278 0.394 0.402 0.408 0.249 0.314 0.311 0.344 


of the models in that: Model I, fc = P/kll (7) or Model IT, fc = 1 - 
The values reported in Table I1 indicated that fc ranged from 


0.19-0.39(Model I)and0.11-0.28(Model IT). 
Ahsorption Characteristics-Orally administered coumermycin 


A1 resulted in clinically effective blood levels. Fourteen percent of 
the administered dose was absorbed in three of the subjects and 28 
in the fourth. 


The extent of absorption was determined by two different pro- 
cedures. In one, the areas under the oral and intravenous serum 
level curves were compared to yield a measure of availability. This 
method would be model independent. In the other, the kinetic con- 
stants and volume of Compartment I, V,, were used for the calcula- 
tion of the percent absorbed by utilizing the equation presented by 
Loo et al. ( 8 )  for Model I, and by modifying the equation of Loo 
et a!. ( 8 )  for Model 11. The derivation of the modified equation is 
presented in Appendix ZZ. The data in Table I1 indicate that the 
estimates of oral availability were practically the same when calcu- 
ulated with either of the models resulting in an additional model 
independent parameter. 


The percent available drug absorbed with time has been calcu- 
lated for each subject and is also reported in Table 11. The mean 
values indicate that approximately 8% of the absorbed dose was 
absorbed in 1 hr., 2 8 z  in 2 hr., 53% in 3 hr. and 89% in 6 hr. In 
each case the serum level peaks following oral administration of the 
drug appear to plateau during the 3-6-hr. interval. 


P/k23- 


SUMMARY 


The pharmacokinetic profile of coumermycin A1 has been deter- 
mined for four subjects following intravenous and oral administra- 
tion of the drug. The apparent elimination rate from the blood- 
stream is slow with a half-life range of 1 5 4 6  hr. In addition, there 
appears to  be a tendency toward a decrease in elimination rate with 
an increase in mg./kg. dose. The slow elimination may result in a 
potential for prolonged therapeutic effectiveness. The distribution 
characteristics are such that the drug is initially confined to  the 
small plasma water compartment following intravenous injection. 
The drug appears to be highly biotransformed inasmuch as no in- 
tact drug is detectable in the urine. However, alternate routes of 
excretion remain to be explored. 


Following the oral administration of coumermycin Al, 14% of the 
administered dose was absorbed in three of the subjects and 2 8 z  
was absorbed in the fourth, with a mean percent of absorbed dose 


absorbed with time calculated to be 8% in 1 hr., 28% in 2 hr., 53% 
in 3 hr., and 89 


The design of a pharmacokinetic model for coumermycin AI is 
discussed with emphasis on the meaning of the elimination rate con- 
stant, as defined by each of the models. 


in 6 hr. 


APPENDIX I : DETERMINATION OF KINETIC CONSTANTS 


kia 


k21 
Model: Compartment 1 @ Compartment 2 


i k2s 
Compartment 3 


where the amount in Compartment 1 = X ,  and the amount in 
Compartment 2 = X I ,  and kI2, kZ1, and kz3 are first-order rate con- 
stants. 


The differential equations for the model are: 


if X, = X "  (administered dose) and X t  = 0 at time = 0, Eq. 1 and 
2 can be solved by Laplace transforms so that 


where 


so that 


and 


where 


C,"(k - a) 
B - a  


A =  


C,' = A + B 
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(Eq. 11) 


(Eq. 12) 


Therefore, k = 1: = k 21 f k23 


from Eq. 6, klz = a + P - k = a + B - __- 
A + - B  


(Eq. 13) from Eq. 5 ,  kZ3 = a'8 
kiz 


and therefore from Eq. 6, 


k?i = 01 + 8 - kn - kza (Eq. 14) 


APPENDIX I1 : INTRINSIC ABSORPTION RATE 
CALCULATION 


Model: Drug at, k12 


absorption site -.. Compartment 1 e Compartment 2 
k2i 1 k23  


Compartment 3 


where the mass balance equation indicates that the amount of drug 
absorbed at any time, in concentration units, is defined as: 


The concentration in Compartment I = C,, and the concentration 
in Compartment 2 = Ct ,  and klz,  kzl and k23 are the first-order rate 
constants. 


The differential equation to express the rate of change of the tissue 
compartment with time is 


Since the blood level data between times t,-1 and t, can be ap- 
proximated by a straight line segment, we write 


(Eq. 3) 


A Cp=(Cp)t,, - (Cp)rn - and M = A C$/7. 


(Cp)tn = ( C p ) t n - l  + MT 


where T = t,, - in - 
If we take t, - as an initial time, the Eq. 2 can be written as 


'9 = -kzi(Cc)tn 4- klz[(Cp)tn-l + MT] - kz3(Ct)tn (Eq. 4) 


Let K = kzl + k23. 


conditions Ct(0) = (CZ)~,, - I. Rewriting Eq. 4 as 
Equation 4 can be solved by Laplace transformation with initial 


'9 + K(Ct)tn = kld(Cp)tn-l + MT)] (Eq. 5 )  


and taking the Laplace transform of both sides, we obtain 


taking inverse Laplace transforms on both sides of equation 


(Cot,, = L-'[(Ct)tn] 


- - (Ct)t,-le-Kr + kdCi%+ (1 - e - ~ r )  
K 


or 


klzM + ~ KZ (KT + e - K T  - 1) (Eq. 8) 


The third term of Eq. 8 can be expanded in terms of a two term 
Taylor series : 


Then Eq. 8 becomes 


i.e., 


Using Eq. 9, we can calculate the amount metabolized C,, and 
excreted up to time t,, in concentration units: 


Therefore, the amount of drug absorbed at any time in concentra- 
tion units results when Eqs. 9 and 10 are substituted into Eq. 1. 


+ '9 + kZ3 l r ( C t ) f , d t  (Eq. 11) 


Eq. 11 has been programmed for computation on the GE 265 time 
sharing system. The slope of the percent remaining to be absorbed 
versus time plot provides the absorption rate constant of the drug. 
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Nonaqueous Titrimetric Determination of Isoniazid in Presence of 
Excess of Sodium p-Aminosalicylate in Dosage Forms 


C. J. SHISHOO and M. B. DEVANI 


~~ 


Abstract 0 Isoniazid in the presence of excess of sodium p-amino- 
salicylate is estimated by differential titration of the acetonitrile 
extract of the mixture against perchloric acid. Sodium p-amino- 
salicylate content is then calculated from the total basicity obtained 
by direct titration of the mixture with the same titrant. The pro- 
cedure is applied to determine the isoniazid and sodium p-amino- 
salicylate content of tablets, granules, and cachets. The results 
obtained are comparable to those obtained by the official method. 


Keyphrases 0 Isoniazid, Na p-aminosalicylate mixture-analysis 0 
Differential titration, nonaqueous-analysis 0 Perchloric acid- 
titrant 


Table I-Recovery of Isoniazid in the Presence of Excess 
Sodium p- Aminosalicylate 


Amt. Weighed, meq. 
Sodium I Recovery, 8 - 


Isoni- p-Amino- Sodium p-Amino- 
azid salicylate Isoniazida salicylateb 


0 .1  0 . 5  100.42 f 0.42.: 99.90 f 0.50 
0 . 1  1 .o 100.10 f 0.39 100.00 f 0.41 
0.1 2.0 99.75 f 0.52 100.10 f 0.39 
0.1 3 .0  99.85 f 0.47 99.73 f 0 .52  
0.1 4 . 0  99.50 f 0.37 99.85 f 0.40 
0.1 5 .0  100.52 f 0.53 99.95 f 0.61 


Commercial dosage forms of isoniazid-sodium p- 
aminosalicylate combinations usually contain the com- 
ponents in molar proportions of 1 : 33. The conventional 
methods for the analysis of these dosage forms give 
erroneous and inconsistent results (1, 2). 


Differential titration of isoniazid-sodium p-amino- 
salicylate mixture has been described earlier ( 3 ) .  The 
method is restricted only to  the analysis of the mixtures 
having sodium p-aminosalicylate-to-isoniazid ratio up 
to 4: 1 .  


In  the present study, mixtures having large dispro- 
portion of the components were extracted with acetoni- 
trile to remove the bulk of sodium p-aminosalicylate. 
The molar proportion of sodium p-aminosalicylate-to- 
isoniazid in the acetonitrile extract was favorable for 
the differential nonaqueous titration of these com- 
pounds. The nonaqueous titrimetric procedure de- 
scribed earlier (3) was applied to  estimate isoniazid in 
the presence of sodium p-aminosalicylate in the aceto- 
nitrile extract and found to give satisfactory recovery 
of isoniazid. Sodium p-aminosalicylate content of the 
mixture was determined from total basicity obtained by 
direct titration of the mixture. 


The procedure was applied to the analysis of tablets, 
granules, and cachets and the results were found com- 
parable to those obtained by the official method (4). 


~~ ~~~~ ~ 


a Isoniazid content was determined from the titration of acetonitrile 
extract of the mixture. aAmount of sodium p-aminosalicylate was 
estimated from the total basicity of the mixture determined by direct 
titration, as described, after subtraction of the volume of titrant cor- 
responding to isoniazid content of the mixture. c Standard deviation 
based on at least five determinations. 


EXPERIMENTAL 


Apparatus and Reagents-The reagents and apparatus were em- 
ployed as described previously (3). The electrodes were dipped in 
acetic anhydride for 24 hr. before use. 


Analysis of Mixtures Containing Isoniazid and Excess of Sodium 
p-Aminosalicylate-lsoniazid-Milliequivalent quantities of finely 
powdered isoniazid and sodium p-aminosalicylate as given in 
Table I were accurately weighed and transferred to a 100-ml. 
beaker. After adding 25 ml. of acetonitrile, the mixture was stirred 
vigorously for 20 min. and filtered. The residue in the beaker was 
treated with 10 ml. acetonitrile and stirred for 5 min. and filtered. It 
was further washed twice with 5 ml. of acetonitrile. An equal volume 
of acetic anhydride was added to the combined filtrates and wash- 
ings. The mixture was stirred for 5 min. It was then titrated against 
0.1 N acetous perchloric acid. Near the second end point, 0.05 ml. of 
titrant was added at an interval of 1 min. A blank titration was per- 
formed. Titration curves were obtained by plotting potential read- 
ing (mv.) versus volume (ml.) of the titrant. 


Toral Basicity-An aliquot of the mixture equivalent to 0.25 
meq. of sodium p-aminosalicylate was accurately weighed and 
transferred to a 100-ml. beaker. Acetonitrile (25 ml.) was added to it 
and stirred. After addition of an equal volume of acetic anhydride, 
it was titrated as described previously. 


Analysis of Dosage Forms-The procedure was applied to an- 
alyze the powder mass obtained from tablets, granules and cachets. 


92 0 Journal of Pharmaceutical Sciences 







800 


700 


600 


500 
(I) 


3 
B 5 400 


I 
- 


300 


200 


100 


0 1 2 3 4 5 6 
MILLILITERS 0.1 N HCIO4 


Figure 1-Typical titration curve of acetonitrile extract of isoniazid- 
sodium p-aminosalicylate ( I  :50) mixture after diluting it with equal 
volume of acetic anhydride. 


Where magnesium stearate was used as a lubricant in the prepara- 
tion of tablets, the aliquot of tablet mass equivalent to 0.25 meq. 
of sodium p-aminosalicylate was mixed with salicylaldehyde (3.0 
ml.) and treated three times with 10-ml. quantities of acetonitrile 
and filtered. The combined filtrates were then diluted with equal 
volume of acetic anhydride and titrated as described to obtain 
reading for total basicity. 


RESULTS AND DISCUSSION 


r At the very outset, it was evident that because of the large ex- 
cess of sodium p-arninosalicylate associated with isoniazid in com- 
mercial dosage forms, a direct differential nonaqueous titrimetry 
would be of no avail (3). 


The quantitative extraction of isoniazid-sodium p-aminosalicylate 
mixture has been attempted by several workers (5-7). However, 
either the separation of the components was not efficient or the pro- 
cedure adopted was time consuming. 


In the present work, advantage was taken of the difference 
in solubilities of these compounds in acetonitrile to obtain molar 
ratio of the components in the extract favorable for differential 
titration. Thus, the removal of the bulk of sodiump-aminosalicylate 
was effected by extracting the mixture with acetonitrile. The 
acetonitrile extract contained only a part of sodium p-aminosali- 
cylate but the whole of isoniazid. The end points for both the com- 
ponents could be resolved in the titration of acetonitrile extract 
(after diluting it with equal volume of acetic anhydride) against 
acetous perchloric acid. 


A typical titration curve thus obtained is reproduced in Fig. 1. 
The first inflection in the curve (see Fig. 1) corresponds to the 
sodium p-aminosalicylate while the second inflection denotes the 
end point corresponding to isoniazid present in the extract. 


Acetonitrile extracts of a number of mixtures were analyzed by 
the proposed procedure for their isoniazid content (see Table I). 


Table II-Analysis of Dosage Forms Containing Isoniazid and 
Sodium pAminosalicylate by Various Procedures 


---Recovery in mg. By--- 
Known Proposed 


Active Ingredients Method Method 
Dosage Amt.,” Isoni- Na- Isoni- Na- 
Form Labeled mg. azid PAS azid PAS 


Tablet A Isoniazid 25.0 24.3 840.0 24.0 845.0 
Na-PAS 834.0 


Tablet B Isoniazid 25.0 20.0 835.0 20.2 839.0 


Tablet C Isoniazid 30.0 29.0 995.0 29.3 1OOO.O 


Tablet D Isoniazid 26.7 26.6 851.0 26.2 846.0 


Na-PAS 850.0 


Na-PAS 1OOO.O 


Na-PAS 850.0 
Granules A Isoniazid 25.V 25.2 782.0 25.5 788.0 


Granules B Isoniazid 23.3b 23.5 779.1 23.1 776.0 


Cachet A Isoniazid 33.0 33.0 1509.0 32.7 1500.0 


Na-PAS 780. O b  


Na-PAS 777.V 


Na-PAS 1500.0 


0 Per unit dosage. .5 Per gram of the granules. 


The recovery of isoniazid from synthetic mixtures having sodium 
p-aminosalicylate-to-isoniazid ratio as high as 50 : 1 was found to be 
satisfactory. 


For the estimation of sodium p-aminosalicylate, an aliquot of the 
mixture dissolved in acetonitrile-acetic anhydride (1 : 1) mixture is 
titrated against acetous perchloric acid. Only one inflection point 
in the titration curve is obtained which corresponds to total basicity 
of the mixture. The amount of sodium p-aminosalicylate present 
in the mixture can be calculated from the reading for the total 
basicity of the mixture after subtracting the volume of the titrant 
required for isoniazid. 


The procedure was applied to analyze commercial dosage forms. 
The results agreed closely with those obtained by the official method 
(4) (see Table 11). The usual diluents, lubricants, and colors used in 
the preparation of dosage forms did not appear to interfere with 
the titration. However, the presence of magnesium stearate in 
tablets as lubricant induces high recoveries of sodium p-amino- 
salicylate. In such a case, the sample of the powdered tablet was 
treated with salicyialdehyde and extracted with acetonitrile. The 
solubility of sodium p-aminosalicylate increases in the presence of 
salicylaldehyde, so that its complete extraction is effected with a 
relativeIy small volume of solvent. The extract after diluting with 
equal volume of acetic anhydride is titrated as usual. The method 
gave satisfactory recovery of sodium p-aminosalicylate. 
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Effect of Lipid Polarity and Cell Design 
on the In Vitro Transport of Salicylic Acid 


MATTHEW A. AUGUSTINE and JAMES SWARBRICK 


Abstract 0 The transport kinetics of salicylic acid have been 
studied in a Schulman-type in vitro model cell containing two 
aqueous phases ( A  and C )  separated by a third liquid lipid phase 
(B)  simulating the biomembrane. Prime consideration was given 
to evaluating the effect of increasing the polarity of the lipid phase 
on the two forward rate constants, Kl and Kz. While K, ( A  4 B) 
always increased with increasing polarity of the lipid phase, KI 
( B  --* C )  was found to increase or decrease depending on the stir- 
ring conditions employed in the two aqueous phases. The surface- 
to-volume ratio of the immiscible phases was significant in deter- 
mining the magnitude of the rate constant Kl. 


Keyphrases Salicylic acid-in vitro transport kinetics Lipid 
phase polarity effect-salicylic acid transport 0 Surface-to-volume 
ratio, stirring-salicylic acid transport 0 Schulman cell, evaluation 
-transport studies 0 Partition coefficients, salicylic acid-oil- 
water phases 


With model in vitro systems that employ liquid lipids 
to simulate the biomembrane, there is the possibility that 
drug concentration may build up in the lipid phase. 
Such an effect is in contrast t o  the in vivo situation and 
reduces the validity of the in vitro model. 


The retention of drug in the lipid phase will be, in 
part, a function of the polarity of the lipid and this, in 
turn, will affect the rate constants which describe the 
transport of the drug through the model system. Such an 
effect was demonstrated by Khalil and Martin (1) who 
used the inverted Y-tube as an in vitro model. Using 
various single-component lipid materials as the “mem- 
brane” phase, these workers obtained forward and 
reverse rate constants for the transport of salicylic acid: 
(a) from an aqueous pH 2.0 phase to  the lipid phase (K,  
and K-l, respectively), and (b )  from the lipid phase to a 
second aqueous phase buffered to pH 7.4 (Kz and K-2, 
respectively). It was observed, predictably, that as the 
polarity of the lipid phase, expressed in terms of the 6- 
value (2), increased, the forward rate constant R in- 
creased while the forward rate constant Kz decreased. 


The in vitro model cell designed by Schulman (3) has 
been claimed to possess certain advantages over the 
inverted Y-tube (4). Thus, long-chain alcohols can be 
used as the lipid phase with less chance of emulsifica- 
tion; phospholipid material can also be placed at the oil- 
water interfaces which do not continuously expand and 
contract in area, as is the case with the inverted Y-tube. 
Accordingly, the Schulman-type cell was chosen for 
these in vitro transport studies. 


As a preliminary study, the effect of polarity of the 
lipid phase on the transport kinetics of salicylic acid was 
investigated. The polarity of the oil phase was increased 
by the addition of isoamyl alcohol to cyclohexane, with 
the expectation of finding at least a qualitative correla- 
tion between these data and that of Khalil and Martin. 
The results obtained demonstrate, however, that the 
magnitude and rank order of the rate constants are 


I - I cI1 
MAGNETIC S T I R R E R  


Figure I-Schulman-type in vitro model cell. See text for explatla- 
tion ofsymbols. 


dependent to a significant degree on the design of the 
cell and the agitation conditions used. 


EXPERIMENTAL. 


In Vitro Model Cells-Three Schulman-type cells, designated I, 
11, and 111, similar to that shown in Fig. 1 were used in these 
preliminary studies. These model cells, constructed of Plexiglas 
(I, 11) or glass (III), physically simulate the two membrane inter- 
faces found in viuo, one between the gastrointestinal fluid (A)  and 
the membrane ( B )  and one between the membrane and blood plasma 
(C). Either gastric or intestinal absorption can be studied by choos- 
ing the appropriate pH conditions for Compartment A ,  while 
keeping the pH of Compartment C constant at 7.4. 


The two aqueous compartments were stirred using Teflon-coated 
magnetic stirring bars, and the oil phase was stirred using an over- 
head constant-speed motor equipped with shaft and propeller (see 
Tables I and 11). The cells were maintained at 25 f 0.1 O in all the 
studies performed. 


The volumes of liquid used for each of the three phases in the 
various cells are shown in Tables I and 11. Also included in these 
tables are the surface-to-volume ratios of the cells, which are based 
on the volume of either aqueous phase and the surface area in con- 
tact with the lipid phase, B, in the absence of any agitation. Only 
slight rippling of the interfaces was noted with the various agitation 
conditions employed. 


Materials-Salicylic acid, cyclohexane, isoamyl alcohol, and 
the buffer ingredients were all reagent grade. Clark and Lubs buffer 
solutions at pH 2.0 and pH 7.4 were prepared and their pH values 
checked prior to use.’ 


Procedure-In all studies, Compartment A was maintained at 
pH 2.0 while the receiving compartment, C, was buffered to pH 7.4. 


1 Beckman Expandomatic pH meter, Beckman Instruments, Inc., 
Fullerton, Calif. 
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Table I-Solubility, Partition Coefficients, and Forward Rate Constants for Salicylic Acid 


Isoamyl Alcohol Forward Rate 
in Cyclohexane, Solubility, -Apparent Partition Coefficiento-- r---Constants (hr.-l)b- x VIV g./100 ml. Oil/pH 2.0 pH 7.4/0il Ki K2 


~ ~ ~ 


5 1.74 11.0 (f0.2) 994 (5=140) 0.320 0.115 
10 3.13 22.1 (10 .3)  558 (3~83) 0.430 0.213 
20 5.58 43.7 (k1.5)  274 (4~12) 0.520 0.281 
30 7.96 65.9 (4~6.0)  167 (k16) 0.650 0.410 


Average of three initial salicylic acid concentrations, 20, 40, and 50 mg. per 20 ml. (=tSD). b Cell I, rectangular Plexiglas; volume of each phase 
is 550ml.; surface-to-volume ratio is 0.124; aqueous phases stirred at 300 r.p.m. with 2.54-cm. (1-in.) magnetic stirring bar; oil phase stirred at 60 r.p.m. 


Table 11-Effect of the Surface-to-Volume Ratio and Stirring Conditions on Salicylic Acid Transport 


(v/v) Isoamyl 
Surface-to-Volume Stirring Alcohol in Cyclo- Forward Rate Constants (hr.-l) 


Cell Ratio Conditions hexane Ki K2 


0.148 300 r.p.m. with 
2.54-cm. (1-in.) 
magnets 


0.148 400 r.p.m. with 
1 .27-cm. (0.5-in.) 
circular magnets 


10 
20 
30 


10 
20 
30 


0.650 
0.752 
0.885 


0.500 
0.602 
0.652 


0.174 
0.202 
0.400 


0.106 
0.105 
0.089 


IIIb 0.180 300 r.p.m. with 10 0.520 0.120 
2.54-cm. (1-in.) 20 1.100 0.360 
magnets 30 1.250 0.410 


a Circular glass cell; volume of each phase = 225 ml.; oil phase stirred at 60 r.p.m. b Rectangular Plexiglas cell; volume of each phase = 250 ml.; 
oil phase stirred at 60 r.p.m. 


The two aqueous phases were preequilibrated with respect t o  the 
lipid phase prior to the transport studies. At various time intervals 
following the addition of salicylic acid into Compartment A ,  samples 
were removed from the aqueous and lipid phases by pipet and 
assayed for salicylic acid by means of previously prepared calibra- 
tion curves. In all studies, Beer's law was found to be obeyed over 
the concentration range examined. The volume of each of the 
sampled phases was kept constant by replacing a quantity of either 
buffer or oil equal to that removed for assay. Calculations were 
based on the percent of salicylic acid remaining in each of the phases 
with corrections made for the quantity of salicylic acid removed with 
each sample. 


Analysis of Data-The kinetics governing in vitro drug transport 
in a three-phase system have been described elsewhere (1). The 
solution of the differential equations involved in a consecutive 
reversible first-order system requires the calculation of four rate 
constants. These are the two forward rate constants, Kl and Kz, 
which govern the transport of drug between Compartments A and 
B and B and C, respectively, and their corresponding reverse rate 
constants, K-1 and K--2. To facilitate their determination, an analog 
computer2 was employed whose output was displayed on an X-Y 
recorder. The analog program and the differential equations are 
shown in Fig. 2. The volume terms associated with the solution of 
these equations are absent since the volumes of all three phases were 
kept equal. Once goodness-of-fit of the experimental and theoretical 
curves was achieved with the analog computer, the resultant rate 
constants were then verified using a digital computer3 programmed 
for the integrated forms of the differential equations ( 5 ) .  


Solubility of Salicylic Acid-An excess of salicylic acid was placed 
in 100 ml. of each of the various lipid phases contained in 125-ml. 
ground-glass-stoppered flasks. The flasks were shaken in a constant- 
temperature shaker bath for 2 weeks at 25". Filtered, diluted samples 
were assayed spectrophotometrically4 for salicylic acid, using pre- 
viously determined Beer's law plots. 


Determination of Partition Coefficients-Twenty milliliters of 
either pH 2.0 or pH 7.4 aqueous buffers containing a known amount 
of salicylic acid was shaken in a 60-nil. separator with an equal 
volume of the various lipid phases used in the transport studies. 


2 PACE 261R, EAI, Variplotter 1100, EAI, Long Island, N. Y. 
SIBM model 360165. 
4 Beckman model DB-G spectrophotometer, Beckman Instruments, 


Inc., Fullerton, Calif. 


The separators were placed in a constant-temperature bath at 25" 
and shaken manually until equilibrium was attained. Both phases 
were assayed spectrophotometrically for salicylic acid and the ap- 
parent partition coefficients calculated. 


RESULTS AND DISCUSSION 


The percents of salicylic acid in each of the three phases at various 
time intervals and isoamyl alcohol concentrations are shown in 
Figs. 3-5 for Cell I. The disappearance of salicylic acid from the 
compartment buffered at pH 2.0 is plotted against time in Fig. 3. As 
the polarity of the lipid phase is increased by the addition of iso- 
amyl alcohol in cyclohexane, the rate of disappearance of salicylic 
acid increases. Consequently, the initial rate of appearance of 


ANALOG COMPUTER PROGRAM -100 v 
d A i d t  - K I A  t K l B  


d B l d t  


d C i d t  = K 2 B -  k - ? C  


K I A -  K.iB - K2B + K-2C 


+ A  


Figure 2-Differential equations used for consecutive reversible 
first-order kbirtics and analog computer program. 
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Figure 3-Rate of disappearance of salicylic acid from Compart- 
ment A, buffered at p H  2.0, to Compartment B, composed of in- 
creasing amounts of isoamylalcoholin cyclohexane. 


salicylic acid in the oil phase increases with increasing polarity of 
this phase (Fig. 4). However, while the time for the peak concentra- 
tion of drug to appear in the oil phase was progressively reduced as 
this phase became more polar, the concentration of salicylic acid at 
the peak was not directly related to the polarity. The appearance of 
salicylic acid in the pH 7.4 buffer is shown in Fig. 5.  As the polarity 
of the oil phase increases, so does the rate of appearance of salicylic 
acid into this phase. 


In contrast to the results of Khalil and Martin (l), both forward 
rate constants, Kl and K2, for salicylic acid in Cell 1 were found to  
increase as the polarity of the oil phase increased. These data are 
presented in Table I and Fig. 6. The rank order of the Kl values ob- 
tained with Cell I was in agreement with those previously reported. 
However, the reverse was apparently true in the case of the Kz 
values, which increased with increased polarity of the oil phase. 


In an attempt to rationalize these results, the solubility of salicylic 
acid in each of the various lipid phases was determined to see if 
saturation of this phase was occurring. While it was found that the 
solubility of salicylic acid increased linearly with increasing concen- 
trations of isoamyl alcohol in cyclohexane (Table I), the concen- 
tration of salicylic acid employed in the transport studies (3.63 
mg./100 ml.) was far below that needed to saturate the oil phase. 


50 


b? 40 


5% 


._ . 


30% 


a I 0% 
v) 


I I I  
1 2 3 4 5 6 


TIME, hr. 


Figure 4-Initial rate of appearance of salicylic acid in Compart- 
ment B as a function of the amount of isoamyl alcohol in cyclo- 
hexane. 


50 


0 1  
1 2 3 4 5 6  
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Figure 5-Rare of appearance of salicylic acid in Compartment C, 
buffered at pH 7.4, as a function of the composition of the lipidphase. 


The next parameter investigated was the equilibrium partitioning 
of salicylic acid between the two aqueous phases and the various oil 
phases. The apparent partition coefficients were calculated based on 
the concentration of drug in each of the two phases at equilibrium. 
The possibility of dirnerization of salicylic acid in the oil phase was 
also investigated by using initial concentrations of 20,40, and 50 mg. 
of salicylic acid per 20 ml. of buffer solution. However, the data pre- 
sented in Table I did not indicate the presence of a dimer in the lipid 
phase. As would be expected, both partition coefficients vary in a 
manner that is proportional to the concentration of isoamyl 
alcohol in the lipid phase. The relatively high standard deviations 
obtained for the pH 7.4/oil systems are due to the very low concen- 
trations of salicylic acid remaining in the oil phase at equilibrium. 


Although the ratio of the partition coefficient (oil/pH 2.0) to C 
does not remain constant as the concentration of isoamyl alcohol is 
increased, KI does increase with increasing partition coefficient, as 
would be expected. 


Predictably, the apparent partition coefficients based on the con- 
centration of salicylic acid in the pH 7.4 buffer over that in the 
various lipid phases (pH 7.4/oil) were found to decrease as the 
polarity of the lipid phase increased. However, when these apparent 
partition coefficients were compared to Kz, the reverse of what would 
be expected, based on the partition data, occurred (Table I). Thus, 
the forward rate constant Kz would be expected to decrease with 
increasing polarity of the lipid phase. As noted earlier, the values 
obtained for K2 with Cell I increased with polarity. 


Further transport studies were then carried out at 300 r.p.m. with 
2.54-cm. (1-in.) magnetic stirring bars in the aqueous phases using 
two other model cells having surface-to-volume ratios different from 
that of Cell I (Tables I and 11). Within any one cell, the rank order of 


0.6 
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Figure 6-The effect of increasing lipidpolarity of the oil phase on the 
two forward rate constants, K1 and Kz, for salicylic acid. 
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Kl with increasing polarity of the lipid phase was not changed. How- 
ever, the data demonstrate a relationship between the surface-to- 
volume ratio and K I .  Thus, with one exception (Cell 11, 10% iso- 
amyl alcohol), the value of K, increased as did the surface-to-volume 
ratio for any one lipid phase employed. Under the same stirring con- 
ditions of the aqueous phases [namely, 300 r.p.m. with 2.54-cm. 
(I-in.) stirring bars] in any one cell, Kz still showed increasing values 
with increasing lipid polarity. There was no rank order correlation 
between the value of K2 for a particular lipid phase and the surface- 
to-volume ratio. 


The effect of stirring conditions in the aqueous phases was then 
investigated. While keeping the surface-to-volume ratio constant at 
0.148, the stirring conditions of the aqueous compartments were 
arbitrarily changed from 300 r.p.m. using 2.54-cm. (]-in.) oblong 
magnetic stirring bars to 400 r.p.m. using 1.27-cm. (0.5-in.) circular 
magnetic stirring bars. The lipid phase was stirred at the same rate of 
60 r.p.m. The data, which were obtained using Cell 11, are presented 
in Table 11. It is readily apparent that the size and revolutions per 
minute of the stirrer did not change the order of the K, values, al- 
though the magnitude of this rate constant was affected. What is 
relevant is that, under the second set of stirring conditions, the order 
of Kz now is reversed, with K2 tending to decrease with increasing 
lipid polarity, as found by Khalil and Martin (I). 


In light of these preliminary results, it would appear that the use 
of the Schulman model cell to correlate in vitro with in oivo absorp- 
tion data could produce misleading results if factors such as the size 
and shape of the stirring bars and the rate of stirring in the various 
compartments are not closely monitored. The authors have also 
found further discrepancies between the Schulman cell and the 
inverted Y-tube apparatus. For example, benzene, when used as the 


lipid phase by Khalil and Martin, appeared to be ideal, because there 
was negligible retention of salicylic acid in this phase over a 24-hr. 
period. However, when benzene was used as the lipid phase in Cell 
11, appreciable retention of salicylic acid by this phase was observed 
over the same time period. 
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Effect of pH of Precipitation on Antacid Properties of Hydrous 
Aluminum Oxide 


STANLEY L. HEM*, EMANUEL J. RUSSO, SURENDRA M. BAHAL, and RALPH S. LEV1 


Abstract The effect of the pH of precipitation on the physical 
and chemical properties of hydrous aluminum oxide prepared by 
the reaction of aluminum chloride and strong ammonia solution 
NF; aluminum sulfate USP, and strong ammonia solution 
NF; and aluminum chloride, sodium bicarbonate USP, and 
sodium carbonate USP, was studied. During aging, changes 
may occur in the hydrous aluminum oxide structure which result 
in a loss in acid reactivity. This loss followed apparent first-order 
kinetics. The rate of loss was directly dependent on the pH of 
precipitation and continued until a constant end-point was reached. 
The percentage of theoretical reactivity remaining at the end-point 
was inversely related to the pH of precipitation. X-ray diffraction 
showed no differences in form, either initially or during aging. 
Gel stability appears to depend on the presence of anions in the 
gel structure. The concentration of these anions is related to the 
pH of precipitation. Data are presented which demonstrate that a 
stable, completely acid-reactive gel would be obtained if 1 mole of a 
monovalent anion such as chloride or bicarbonate or 0.5 mole of 
a bivalent anion such as sulfate is incorporated in the gel structure 
per mole of aluminum. 


Keyphrases 0 Hydrous aluminum oxide-antacid properties, 
preparation pH precipitation effect-hydrous aluminum oxide, 
chemical and physical properties 0 Gel stability-anion concentra- 
tion data, acid reactivity kinetics X-ray diffraction-analysis 


Alumina gel, which can be described chemically as 
hydrous aluminum oxide, is widely used in the manage- 
ment of peptic ulcer and gastric hyperacidity. Several 


factors, such as the precipitation temperature (1, 2), the 
order of addition of the reactants (2), and the concentra- 
tion of the reactants (2,3), have been shown to affect the 
properties of the precipitated gel. Although previous 
authors (4-6) have suggested that the pH of precipita- 
tion influences the crystallinity of the precipitated gel, no 
workers have directly examined the effect of the pH of 
precipitation on the acid reactivity of the gel. Therefore, 
the purpose of the present study was to  examine the 
effect of the pH of precipitation on the antacid proper- 
ties of hydrous aluminum oxide prepared from several 
reactant systems. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. 


Method of Preparation of Hydrous Aluminum Oxide-A series of 
hydrous aluminum oxides, to be referred to as chloride-containing 
gels, were prepared at 25” by the addition of a 13% solution of 
strong ammonia solution NF to an aqueous 8.5% aluminum 
chloride heptahydrate solution. The method of PapCe et al. (4) 
and the conditions described by Lewis and Taylor (2) were followed 
to ensure reproducible precipitations. Sufficient ammonia solution 
was added to control the pH of precipitation. Alumina gels were pre- 
cipitated at pH 4.8, 6.1, 7.7, and 9.2 and washed with deionized 
water until the concentration of the chloride ion in the filtrate, as 
determined by the Volhard method (7), was less than 0.1 %. The 
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TECHNICAL ARTICLES 


Sampling and Analysis of Oxygen in the Void 
Volume of Ampuls and Vials 


L. F. CULLEN and G .  J. PAPARIELLO 


Abstract 0 A technique recognized as a considerable aid in sta- 
bilizing parenteral formulations sensitive to oxidative decomposi- 
tion consists of replacing air in the container’s headspace with an 
inert atmosphere. To monitor and investigate inert gas flushing 
techniques and to assist in evaluating antioxidant suitability, a 
procedure is described for the sampling and analysis of gaseous oxy- 
gen content in the void volume headspace of ampuls and vials. The 
procedure utilizes a paramagnetic oxygen analyzer in conjunction 
with a unique sampling cell and flow system which permit the collec- 
tion of the headspace gas without atmospheric contamination. The 
sampling device and flow system were designed and evaluated to 
provide the necessary sensitivity. accuracy, and precision for the 
quantitative analysis of IOU. air contaminant levels in the sample 
gas. With this method it is possible to analyze nine samples per 
hour with a relative standard deviation of 3.9z at a Wpl.  air level 
(k., 5 mcg. of oxygen). which corresponds to approximately 2% 
of the theoretical gaseous void volume of a typical I-ml. ampul 
product. Accuracy of the technique is demonstrated by experi- 
mentally confirming the relationship of headspace oxygen con- 
sumption to intact bisulfite and metabisulfite antioxidant content, 
following accelerated storage, in sealed ampuls. 


Keyphrases 0 Oxygen sampling3 analysis-void volumes, ampuls, 
vials 0 Sampling device. void volume oxygen4iagram 0 Am- 
puls-oxygen determination p Vials-oxygen determination 


The adverse influence of atmospheric oxygen on both 
the physical and chemical stability of parenteral formu- 
lations and the numerous problems arising from the 
oxidative decomposition of drugs in the development of 
new products has been emphasized repeatedly in the 
past (1-6). The inclusion of a suitable antioxidant sys- 
tem to inhibit the oxidative process and the replace- 
ment of air in the headspace of a product’s container 
with an inert atmosphere are generally recognized as 
considerable aids in stabilizing an injectable formula- 
tion. However, prior to the recent development of a 
method for measuring the oxygen level in the headspace 
of vial products (7), a survey of the literature failed to  
disclose any other analytical procedures specifically de- 
signed to monitor the efficiency of the inert gas flushing 
technique on the various parenteral containers. Thus, 
the pharmaceutical manufacturer has been in the dark 
with regard to the effectiveness of his oxygen exclusion 
process employed during the filling operation. 


Clearly, a need existed for a sensitive, accurate, and 
rapid procedure for sampling and analysis of low air 
contamination levels in the void volume of inert gas 
flushed parenteral products, including ampuls. Such a 
technique could be employed to monitor and investigate 


the inert gas flushing processes and to assist in evaluat- 
ing antioxidant suitability. 


The accurate sampling of the void volume from a 
sealed, glass ampul within a controlled oxygen-free 
atmosphere and subsequent analysis, under similarly 
controlled conditions, for low oxygen levels is indeed 
difficult. Existing methods of oxygen analysis could not 
be readily modified to  handle this problem. Several of 
the wide variety of methods which have been employed 
to  determine gaseous oxygen vary from a highly sensi- 
tive luminescent-bacteria1 method (8), to colorimetric 
methods (9-12), microvolumetric (13, 14) and mano- 
metric (1 5) techniques, galvanic cell-type systems (16, 
17), and coulometric procedures (18, 19). Many of these 
methods have the necessary accuracy and sensitivity at 
the oxygen level considered ; however, they are either 
time-consuming and/or require meticulous care for 
satisfactory results. Furthermore, none of the pro- 
cedures offered a convenient system for the sampling of 
the headspace gas within a sealed, glass ampul. Rapid 
and precise polarographic (7, 20) and gas chromato- 
graphic procedures (21 , 22) which have found extensive 
use in oxygen analysis are also restricted by not afford- 
ing systems readily adaptable to the collection and 
analysis of the headspace gas under anaerobic condi- 
tions. 


Several commercial instruments are available which 
utilize the paramagnetic property of oxygen for its de- 
termination. This instrumentation is primarily em- 
ployed for the continuous monitoring of the oxygen 
levels of expired air in respiratory physiology (23-25). 
The reported accuracy and sensitivity of the Beckman 
E2 Oxygen Analyzer (26), which has available a small 
volume internal analysis system equipped to  measure 
nonflowing samples and an adaptable sample inlet 
port, suggested a promising approach. A considera- 
tion of the capabilities and limitations of this instrument 
led to  the design of a unique sampling cell and flow 
system, of definite and critical specifications, which 
were evaluated to  provide an accurate and rapid sam- 
pling technique for the analysis of the headspace gas of 
ampul products. The design of the sampling device per- 
mitted an extension of the procedure to the analysis of 
low air contamination levels in the void volume of inert 
gas-flushed injectable vial products. With this method it 
is possible to analyze nine ampuls and/or vials per 
hour. 
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Figure I-Headspace gas sampling device. 


EXPERIMENTAL 


Sampler Construction-The sampling device, designed to collect 
the headspace gas in an ampul without atmospheric contamination, 
is illustrated in Fig. 1. Dimensional details of this cell are given in 
Fig. 2. The 0-ring-sealed components of the sampler, the sleeve 
adapter and chamber plug were machined from brass rods. For 
fine control of the flushing gas during deaeration of the sampling 
cell and to prevent damage to the detector of the analyzer from 
pressure surges, minimum void volume metering valves' were fitted 
to the sample chamber. Following the removal of a port connector 
on each of the metering valves, the valves were soldered directly 
onto openings in the cell, as shown in Fig. 1. This reduced the in- 
crease in total void space of the sampler introduced by the mi- 
crometer valves and eliminated the need for additional fittings. The 
septum inlet assembly is used for calibration purposes in the ampul 
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Figure 2--Dimensional details of sampling deel;ice. 


Nupro model B-2S, Nupro Co., Cleveland, Ohio. 


procedure and as the injection port for a gas-tight syringe contain- 
ing headspace gas sampled from vial products. 


Apparatus-A Beckman E2 Oxygen Analyzer2 equipped with 
0-1 and 0-10% oxygen percentage ranges was employed in all 
experiments. The sensitive detection system of the analyzer utilizes 
the magnetic susceptibility of oxygen to provide the basis for a 
quantitative evaluation of the oxygen content in the sample gas. 
Detailed discussions of this characteristically strong property of 
oxygen and how it is applied to the paramagnetic oxygen analyzers 
were described by Catton (27) and Johnson (28). 


Accurate flow control of nitrogen during deaeration of the sam- 
pling device was provided by a flowmeter unit.3 


A vacuum pump4 in conjunction with a fine metering valve5 per- 
mitted a complete and graduated evacuation of the flow system and 
analysis cell of the oxygen analyzer. A McLeod-type vacuum 
gauge6 was inserted into the manifold to monitor the efficiency of 
the evacuation process. 


Rubber vacuum tubing (0.32 cm. [0.125 in.] i.d. X 0.32 cm. 
[0.125 in.] wall thickne~s)~ was connected to each of the threaded 
fittings of the metering valves and sample ports of the oxygen 
analyzer with 0.95 cm. (0.375 in.) 0.d. tubing clamps. To minimize 
the total void volume of the actual analysis system, only 3.81-cm. 
(1.5-in.) lengths of this vacuum tubing were employed. 


Pressure-Lok gas-tight syringes of 0.5-mi. and 1.0-m1.8 capacity 
were used to calibrate the system in the analysis of both ampul and 
vial products and to sample the headspace gas in the analysis of 
vial products. 


Analytical Procedures-Ampul Products-A diagram of the flow 
system indicating the equipment arrangement for the analytical 
method is shown in Fig. 3. The collection of an uncontaminated 
sample of headspace gas followed by conveyance of the gaseous 
sample from the sampling device to the sensitive detector of the 
oxygen analyzer consists of the following steps: (a) deaeration, 
with n i t r~gen ,~  of the sampling device containing the sealed ampul; 
(b)  complete evacuation of the analysis cell to purge it of air; and 
(c) the introduction of the sample or calibration gas into the cell. 
Exact flow rate conditions are described to avoid sudden pressure 
changes which can damage the magnetic unit. 
In operation, the sealed ampul is placed into the sleeve com- 


ponent of the sampler and pressed into firm contact with the 0.95 
cm. (0.375 in.) O-ring seal with the ampul retainer. This assembly is 
inserted into the sample chamber and tightened. In preparation for 
deaeration of the sampling device and flow system, as illustrated 
in Fig. 3, the flowmeter needle valve (V-1) is closed, and the second 
stage of a two-stage regulator on the nitrogen cylinder is set to 
deliver 10 psig Needle valves V-2 and V-3 are opened to provide a 
nitrogen gas flow rate of approximately 125 ml./min. Valves V-4 
and V-5 are set to permit a flow rate of 250 ml./min., with the T-bore 
stopcock (T-6) vented to the atmosphere. To nitrogen-flush the 
sampling device, slowly open flowmeter needle valve (V-I) until a 
flow rate of 220 ml./min. is established as indicated by a 105 mm. 
metering-tube reading with the Pyrex float. After a 2-min. flush 
close valve V-1, followed by valves V-2. V-3. and V-4 in successive 
order. Break ampul, then evacuate flow system and detector by 
closing valve V-5 to produce a flow rate of 70 nil./min., setting 
stopcock (T-6) for system evacuation, and drawing a vacuum for 1.5 
min. To ensure a relatively complete deaeration process, a vacuum 
reading after approximately 1.25 min. of this evacuation period 
should indicate a system pressure of less than 0.4 mm. Hg. To con- 
vey sample gas mixture to the evacuated detector of the analyzer 
for compositional analysis, close valve V-5 and slowly open valve 
V-4 to a flow rate of 100 ml./min. Following sample readout, the 
magnetic unit is gradually adjusted to atmospheric pressure by 
venting stopcock (T-6) to the atmosphere and slowly opening valve 
V-5 to deliver a flow rate of 70 ml./mi:i. The sampling cell pressure 


Beckman catalog No. 118521, Beckman Instruments, Inc., Fuller- 


3 Matheson model 620BBV with No. 602 metering tube, Matheson 


5 Nupro model B-2s. 
6 Nester/Paust model 68, Nester/Faust Manufacturing Corp., New- 


Thomas catalog No. 8844, Arthur H. Thomas Co., Philadelphia, Pa. 
* Models 306000-A and 306001-A, Precision Sampling Corp., Baton 


9 Prepurified grade, Matheson Co., Inc. 
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is brought to atmospheric by opening valve V-4 to provide a flow 
rate of 250 ml./min. 


The exact flow system conditions described above for the analysis 
of the headspace gas are used in calibration of the system. Calibra- 
tion is effected by injecting, in duplicate, known volumes of air at 
the appropriate level into the nitrogen-purged sampling device, 
which contains an ampul. Standardization is repeated at the end of 
a series of 20 samples in order to minimize the effects of instru- 
mental variations. Calculations are made using corresponding in- 
strument responses of standards and headspace gas of ampul 
products. 


VialPruducrs-The flow system, as illustrated in Fig. 3, and exact 
analytical conditions described under Ampul Products for convey- 
ance of the sample gas from the sampling device to the detector were 
employed in the analysis of vial products. The chamber plug, di- 
mensionally detailed in Fig. 2, is inserted to seal the sampling cham- 
ber. In sampling, an accurately measured portion of the headspace 
gas is drawn into a gas-tight syringe and locked in the syringe prior 
to withdrawal from the vial. This is followed by injection into the 
nitrogen-flushed sampling cell after penetration of the septum and 
opening the actuation valve of the syringe. The volume of the head- 
space gas mixture sampled should, preferably, contain the equiva- 
lent of 0.02-2.5 ml. of air. It should be noted that during the vial 
sampling process a partial vacuum is created. Consequently, a cor- 
rection must be made for this sampling effect in order to determine 
the actual sample volume. 


The system is calibrated by injecting appropriate levels of air, 
sampled directly from the atmosphere, into the nitrogen-purged 
sampling device. Using this standardization technique and the 
Eq. 1 which corrects for the previously described sampling effect, the 
percent air in the sample can be calculated. 


where Rv = response of sample; RS = response of standard; 
AS = volume of air injected for calibration; VV = measured void 
volume of vial; VT = measured void volume of vial ( V V )  plus the 
indicated sample volume of the gas-tight syringe. 


As an alternate technique in standardization of the system, known 
volumes of either air or air-inert gas calibration mixtures are sampled 
from vial packages filled with water to yield a headspace volume 
equivalent to the vial products. Employing the gas-tight syringe to 
collect, store, and transport the headspace gas as described previ- 
ously, the withdrawal of identical volumes of sample and reference 
gas from equal voids eliminates a consideration of the dilution 
factor introduced in the sampling process, as required in Eq. 1. 
Calculations are made using the corresponding instrument responses 
of standards and samples of the headspace gas of vial products. 


RESULTS AND DISCUSSION 


Design of Sampling Device-The major consideration in the 
development of the sampling system was to design a sampling cell 
of a sufficiently low void volume to provide the necessary sensitivity 
for accurately monitoring inert gas flushing efficiency at levels 
greater than 98z, i.e., less than 2 air contamination. Two percent 


Figure >Flow system for 
analysis. 


oxygen 


air contamination corresponded to a 2 0 4 .  air level (i.e., 5 mcg. of 
oxygen) in the typical 1-ml. ampul product investigated. At such 
levels of oxygen, the analyzer has a reported accuracy of f 1.7 PI. 
air (+0.4 pl. oxygen) and a limit of detection of 0.2 pl. air in the 
sample gas with its 3.5-ml. internal analysis system at 760 mm. pres- 
sure (28). However, with a gaseous void volume of approximately 
1 rnl. for most ampul products, insufficient sample gas is available 
to satisfy the detector at atmospheric pressure. Thus, it was realized 
that a special flow system, as described under Analytical Procedure, 
would be required which results in the analysis of the sample gas 
at a reduced pressure. Under these operating conditions, the ac- 
curacy and sensitivity characteristics of the detector are reduced, 
necessitating an evaluation of pressure effects in establishing the 
optimum sample chamber volume for the sampling device. 


In designing the cell for optimum accuracy and sensitivity con- 
ditions, a balance had to  be considered between: (a) satisfying the 
pressure requirements of the detector by increasing the void space 
of the sample chamber in order to approach atmospheric conditions 
in the analysis cell; (b) reducing the volume of the sample chamber 
to prevent a loss in sensitivity from an unnecessary high dilution 
with the inert gas. Employing the ideal gas laws to calculate the 
effect of sample concentration and pressure on instrument readout 
(28), the dimensional parameters of the sampling system were de- 
rived. A graphic representation of the effect of sample cell volume 
on the obtainable theoretical accuracy is shown in Fig. 4. 


It was calculated that a sample chamber and associated metering 
valves with a 5.2-ml. void volume provided the optimum analysis 
conditions. A sampling device of these dimensions has an ultimate, 
theoretical accuracy of 1 7  pl. air and a limit of detection of 0.7 
pl. air. The sampling device and flow system have been fabricated 
to these specifications (see Figs. 2 and 3). Thus, the indicated ac- 
curacy and sensitivity to monitor inert gas flushing efficiency at 
levels greater than 98 


Linearity and Sensitivity-A typical calibration curve obtained 
by injecting known volumes of air into the sampling device in the 


has been built into the system. 


E l , , , ,  6.0 


0 4 8 12 16 
VOID VOLUME OF SAMPLING DEVICE, rnl. 


Figure 4-Effeci of void volume of sample device on the theoretical 
accuracy of system. 
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Figure 5-Relationship of instrument response to air level. 


50-250 pl. range, equivalent to 14-68 mcg. of oxygen, demonstrates 
the linearity of the instrument response-air level relationship (Fig. 
5) .  These data had been collected with the oxygen analyzer set at its 
most sensitive operating range, i.e., the 0-1 % oxygen percentage 
range. The &lo% range on the instrument extends the applica- 
bility of the sampling and flow system (Fig. 3) to include the analysis 
of most ampul and vial parenteral products at any level of inert gas 
flush efficiency by permitting an evaluation of headspace gas which 
contains 0.25 to 2.5 ml. of air. A linear relationship exists between 
instrument response and air level at these higher concentrations. 


The actual measured lower limit of sensitivity of both the ampul 
and vial procedures is 2 pl. of air in the sample gas mixture. This 
air level represents 0.2% of the total void volume of the typical 
1-ml. and 2-ml. ampul products. The determined sensitivity of 2 
pl. of air approaches the theoretical sensitivity of 0.7 p1. of air. 


Ampul Procedure-Precision-Repeatability of the procedure 
was determined by assaying the headspace gas of 20 individual 
ampuls flushed with a 0 . 4 x  (v/v) oxygen-nitrogen calibration gas 
mixture.10 Experimentally, 1 .O-ml. aliquots of water were introduced 
into 1-ml. ampuls under an atmosphere of the oxygen-nitrogen gas 
mixture within an inflatable polyethylene glove chamber. Using 
the gas mixture the ampuls were flushed for exactly 20 min., then 
immediately sealed under the oxygen-nitrogen atmosphere with ap- 
proximately 1 ml. of headspace above the water. Following the 
analysis of the headspace gas, the void volumes of the individual 
ampuls were measured and calculated into the results. This elim- 
inated any differences in the void volumes of the ampuls produced 
by the sealing process. Reported in terms of air at 25 and 760 mm. 
Hg, a relative standard deviation of 3.9% was determined at the 
19-pl. air level. The 19-pl. air level, which corresponds to 98.1% 
nitrogen flushing efficiency, demonstrates the precision of the pro- 
cedure at a high level of inert gas layering. 


Accuracy-Accuracy of the ampul procedure was established by 
experimentally determining the relationship of oxygen consump- 
tion to intact bisulfite and metabisulfite content after interaction in 
sealed ampuls. In this study, 1.0 ml. of an 0.1 % solution of the anti- 
oxidant (sodium bisulfite or sodium metabisulfite) was introduced 
into 1-ml. ampuls and flushed with air-nitrogen gas mixtures in 
order to obtain either 60 or 500 pl. air per 1 ml. of ampul void 
volume. A gas proportioning unit” provided accurate metering of 
air and nitrogen to the desired ratio during this flushing process. 
The ampuls were sealed to contain a void volume of about 1 ml. 
under the air-nitrogen atmosphere, then immediately assayed for the 
initial antioxidant content (29) and headspace air. The ampuls were 
stored at temperatures from 35 to 60” to accelerate oxygen consump- 
tion and assayed for antioxidant and headspace air content at 
periodic time intervals. Typical data collected in this study are sum- 
marized in Table I. 


The theoretical consumptions of sodium bisulfite and sodium 
metabisulfite by the oxygen content of 1.00 ml. of air at 25” and 


~~~~~~ ~ ~ 


lo Matheson Co., Inc. 
11 Matheson model 665, Matheson Co., Inc. 


Table I-Relationship of Consumed Air 
to Intact Antioxidant Level 


Anti- 


Air Re- Re: oxidant 
maimng maining Reacted 


oxidant Anti- 


per per per Air Consumed 
Reaction Ampul, Ampul, Ampul, per Ampul, MI. 


Condition d a  mg.a mg. Exptl. Theoret. 


Sodium Metabisate 
30 hr., 35” 22 0.89 0.07 
48 hr., 45’ 9 0.87 0.09 
48 hr., 60” 4 0.86 0.10 
24 hr., 35” 161 0.43 0.53 
48 hr., 60” 35 0.22 0.74 


30 hr., 35’ 22 0.85 0.07 
48 hr., 45’ 6 0.83 0.09 
24 hr., 35‘ 192 0.39 0.53 
48 hr., 60” 48 0.14 0.78 


Sodium Bisulfite 


41 43b 
58 5 8  
61 6 2  


332 329 
455 459 


39 376 
53 5lC 


297 3 W  
443 442c 


a Average assay value on five individual ampuls (air analyses u,~. - 
*3.2%; antioxidant analyses uSy. = +1.9%). Calculated from t$e 
relationship that 1.62 mg. of Na2S~05 is equivalent to 1.00 ml. air at 25 , 
760 mm. c Calculated from the relationship that 1.77 mg. of NaHSOa is 
equivalent to 1.00 ml. air at 25”,  760 mm. 


760 mm. are 1.77 and 1.62 mg., respectively (6). The results indicate 
the experimental values are in excellent agreement with theory. 
Data obtained on ampuls containing less than 10 pl. of air in the 
headspace gas, i.e., less than 1 % air in the typical 1-ml. and 2-ml. 
ampul products, demonstrate that the technique quite adequately 
meets the accuracy requirements for monitoring inert gas flushing 
efficiency at levels greater than 98 %. 


Vial ProcedurePrecision and Accuracy-Both the precision and 
accuracy of this technique were obtained by performing replicate 
assays on known volumes of air injected into nitrogen-flushed vials 
with a butyl rubber stopper-aluminum cap closure and measuring 
the percentage recovery. This was accomplished by flushing and 
crimping empty vials, with accurately measured void volumes of 
approximately 15 ml., under an absolute nitrogen atmosphere. 
Following the removal and analysis of a portion of the headspace 
gas from the individual vials to correct for residual air in the flush- 
ing process, 0.15 and 1.50-ml. levels of air were injected into the 
vials, producing synthetic air contamination levels at 1.0 and lo%, 
respectively. Data collected on replicate assays of 15 individual vials 
at the 1.0% contamination level indicated recoveries of 97 to 103% 
of the theoretical amount present with a relative standard devia- 
tion of 4.2%. Recoveries of 99 to 101% of theory were obtained 
on 15 individual vials at the 10% air contamination level with a 
relative standard deviation of 2.1 %. In this phase of the study, 
the data were calculated as described by Eq. 1. 
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Muscarinic Agents: The Isomeric 
6-Acetox y -2-met hy lisoquinuclidine Met hiodides 


WENDEL L. NELSON and RAYMOND S. WILSON* 


Abstract 0 Preparation of 6-end0 and 6-exo-acetoxy-2-methyliso- 
quinuclidine methiodides are described. Muscarinic assay data are 
reported. Neither of the compounds showed activity when com- 
pared to acetylcholine and 3-acetoxyquinuclidine methiodide. 


Keyphrases 6-Acetoxy-2-methylisoquinuclidine methiodides- 
synthesis Pharmacological screening-6-acetoxy-2-methyliso- 
quinuclidine methiodides C IR spectrophotometry-identity, 
structure 0 NMR spectroscopy-structure 


Hypotheses delineating the architectural features of 
cholinergic receptors have been based on observations 
of pharmacological activity of various substituted 
derivatives of the neurohormone, acetylcholine. Dif- 
ferences in the activity of these analogs of acetylcholine 
have long been explained on the basis of molecular 
steric and electronic effects in the drug-receptor inter- 
action (1, 2 ) .  Spectral data concerned with conforma- 
tional aspects of acetylcholine have also been studied 
and developed in recent attempts to  describe receptor 
site architecture (3-7). 


In further studies to determine the conformational 
requirements of the drug-receptor complex, in which the 
authors’ assume a large degree of complementarity of the 
drug and receptor in this interaction, a number ofconfor- 
mationally rigid or semirigid analogs of acetylcholine 
have been prepared (8-13). Each, although incorporat- 
ing the essential features for cholinergic activity, also 
inherently must be constructed of an additional number 


CH 
I 


i‘ --N-CHI 
I 


I- CHI 
I.A. X, = H. X L  = OAc 


11.4. X, = 0.4c, X L  = H 


CH 4 


VIII 


of carbons to  maintain the desired conformational 
rigidity. Comparison of activities of agents structurally 
similar to  each other seems valid. 


PREPARATION OF .4NALOGS 


In a program of preparation of agents to further determine the 
geometric requirements of the muscarinic agents, it was decided to 
prepare cholinergic analogs in the isoquinuclidine system in which 
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The average of five replicate determinations for percent intact 
melphalan in a single vial of dosage formulation was 88.7% with a 
standard deviation of 1 (range = 2.5 %). 


Variations of less than 3 % were found in the assay of several vials 
from the same production lot. The samples and reference solutions 
may be used for quantitative work up to 24 hr. after preparation. 
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Synthesis of 
4- t p-[ (2-Chloroethyl)-(2-hydroxyethyl)amino]phenyl~ butyric Acid 
and Its Behavior in the 4-(4-Nitrobenzyl)pyridine 
Assay Procedure 


M. K. BALAZS*, C. A. ANDERSON, R. H. IWAMOTO, and P. LIMt 


Abstract 0 The synthesis of 4- (p-[(2-chloroethyl)-(2-hydroxyethyl)- 
amino]phenyl) butyric acid is reported. Investigation of the be- 
havior of this compound in the NBP assay procedure showed that it 
alkylates NBP in a manner similar to chlorambucil. Therefore 
the results obtained from the assay of chlorambucil and similar 
aryl nitrogen mustards by the NBP method must be interpreted 
with due caution. 


Keyphrases 4-(p-[(2-Chloroethyl)-(2-hydroxyethyl)amino]- 
phenyl } butyric acid-synthesis 0 4-(4-Nitrobenzyl)pyridine 
alkylation4- (p-[(2 - chloroethy1)- (2 - hydroxyethyl)amino]phenyl) - 
butyric acid 0 Chlorambucil analysis4- (p-[(2-chloroethyl)-(2- 
hydroxyethyl)amino]phenyl} butyric acid interference Color- 
imetric analysis-spectrophotometer 0 TLC-separation, identi- 
fication IR spectrophotometry-structure NMR spec- 
troscopy-structure 


The compound 4-(4-nitrobenzyl)pyridine (NBP) has 
been used as an analytical reagent for alkylating agents, 
among which are the nitrogen mustards such as mel- 
phalan, chlorambucil,2 and uracil mustard. The 


1 4- {p-[Bis(2-chloroethyl)amino] 1 phenyl-L-alanine. 
2 4- {p-[Bis(2-chloroethyl)amino] { phenyl butyric acid was furnished 


3 5-[Bis(2-chloroethyl)amino]uracil. 
by Cancer Chemotherapy National Service Center. 


general method involves the alkylation of NBP; subse- 
quent basification results in the formation of a chromo- 
phore whose intensity can be measured photometrically. 


The following reaction sequence has been suggested 
by Petering and Van Giessen (1) (Scheme I). 


R-N /CHzcHzC1 ‘CH~CH~CI + N Q - - C H , - @ - N O ~  - 
R c1- 


CICH,CH,N-CH,CH,-N D C H - N O ,  - I 
R 


Scheme 1 


Holtzman (2) reportedly was able to isqlate the prod- 
uct obtained from the reaction of mus/tard gas with 
NBP; he identified it as the mono-NBP product. 


The NBP procedure has been considered in the au- 
thors’ laboratories for the assay of chlorambucil. One 
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possible contaminant is 4-(p-[(2-chloroethyl)-(2-hy- 
droxyethyl)amino]phenyl] butyric acid, the chlorambucil 
hemimustard, VIII. This can result from hydrolysis of 
chlorambucil or from incomplete chlorination during 
the preparation of the mustard. Since VIII is still an 
alkylating agent, it may react with NBP to yield a 
chromophore characteristically similar to that resulting 
from the reaction between NBP and chlorambucil. I f  
this happens, the usefulness of the NBP assay of aryl bis- 
mustards may be questionable. To clarify this situation, 
the authors have prepared the chlorambucil hemi- 
mustard and studied its behavior in the NBP procedure. 


RESULTS AND DISCUSSION 


The synthesis of VIII was carried out as described in Scheme 11; 
the details are given in the Experimental section. 


R R 


R 
I1 


R 


/N\ 
AcOCH2CHy CH2# 


/N\  HOCH,CH, CH2# 


111 Iv 
R R 


Chlorambucil and its hemimustard were treated with NBP under 
identical, optimal conditions, which were experimentally determined 
by varying the substrate-NBP ratio and the period of heating. The 
results, expressed in molar absorptivities, are given in Tables I and 
11. 


The data show that the hemimustard, VIII, does react with 
NBP to yield a product whose visible absorption characteristics are 
similar to thoseof thechlorambucil-NBP chromophore. Therefore, it 
is felt that the data obtained from the NBP assay procedure of aryl 
nitrogen mustards must be interpreted with due caution. 


A comparison of the respective molar absorptivities indicates that 
the intensity of the hemimustard NBP product is only 0.8 that of the 
chlorambucil-NBP value. The hemimustard appears to reach its 
maximum color faster than does chlorambucil. At this time, no 


Table I-Color Intensity Developed when the Ratio of 
Alkylating Compound to NBP was Varied 


Moles Compd./ --t x 563 mp- 
Moles NBP Chlorambucil Hemimustard, VIII 


1 : 1 . 2  
1:2.3 
1:4.6 
1:9.2 


2.38 1.76 
3.14 2.70 
3.20 2.84 
3.00 2.80 


attempt has been made to  seek an explanation for either of these ob- 
servations because such information is beyond the scope of this com- 
munication. 


EXPERIMENTAL4 


NBP Assay Procedure-Chlorambucil ( I  .2 mg.) or VIII (1.1 mg.) 
was dissolved in 25.0 ml. of 9 5 z  EtOH. A 1.0-ml. aliquot of this 
solution was placed in a 5.0-ml. volumetric flask together with 1.0 
ml. of an NBP solution (3.55 g./50 ml. of acetone) and 1.0 ml. of 
buffer solution (1.0 g. of potassium hydrogen phthalate/100 ml. 


The flask was kept at 85" in a water bath for 30 min. The solution 
was cooled immediately for 2-3 min. in an ice bath, and 0.1 ml. of a 
KOH solution (1.4 g./25 ml. of 95 x EtOH) was added.6 The solu- 
tion was diluted to 5.0 ml. with 95 EtOH and shaken. After 2 min. 
the absorbance from 56@570 mp was recorded. This procedure was 
used by varying the heating time to obtain the data tabulated in 
Table 11. The molar ratios were varied by changing the concentration 
of NBP solutions so that the data in Table I could be obtained. 


Materials4-Nitrobenzylpyridine (NBP) (Aldrich Chemical Co.) 
was used without further purification. 


The chlorambucil used was chromatographically homogeneous on 
Whatman No. 1 paper, solvent system n-BuOH-HOAc-HzO, 5: 2: 3, 
and by GLC as its silyl derivative on a 1.52-111. (5-ft.) 5 z SE-54-di- 
atomaceom earth (Gas Chrom W, Applied Science Laboratories, 
Inc.) column at 210". Elemental analysis for the chlorambucil 
sample was satisfactory. 


Annl.--Calcd. for C14H19C12N02: C, 55.27; H, 6.30; C1,23.31; N, 
4.60.Found:C,55.57;H,6.25;C1,23.05;N,4.60.TheIRspectrum 
of this material was identical to that of an authentic sample. The 
NMR spectrum is consistent with that expected for the compound; 
1.90 6 (m, ZH, CH2-C0,H), 2.40 6 (m, 4H, @-CH2-CH2-), 3.65 6 
[s (broad), 8H, CICH2CH2-], 6.80 6 (q,4H, aromatic), and 11.0 6 [s 
(broad), lH, COzH]. 


Methyl 4-[(p-Benzylidineamino)phenyl]butyrate (1)-A mixture of 
6.15 g. (0.03 mole) of methyl 4-(paminophenyl)butyrate, 0.50 g. of 
fused potassium acetate, and 3.71 g. of benzaldehyde was refluxed in 
50 ml. of absolute EtOH for 4 hr. The cooled solution was diluted 
with 75 ml. of HzO and extracted with ether. The ether extracts 
were combined, dried (MgSOa), filtered, and evaporated at reduced 
pressure (first at 20 mm. and then at 0.6 mm.) for 7 hr. The product, 
8.45 g. (94 Z), was characterized by spectral and chromatographic 
evidence. The IR spectrum showed the expected absorption at 6.24 N ,  
indicative of a benzal imino system. The NMR spectrum, showing 
expected increase in aryl protons, was consistent with the proposed 
structure. TLC on silica gel in Solvent System 1 showed only a 
minor contaminant in addition to a main spot. 


Methyl 4-lp-(N-Benzylamino)phenyl]butyrate (11)-A solution of 
8.45 g. (0.03 mole) of crude benzylidene compound in 90 ml. of 95 % 
EtOH was stirred in an atmosphere of hydrogen gas in the presence 
of 1.0 g. of 5% Pd-C catalyst for 85 min., during which time the 
theoretical amount of hydrogen was consumed. The catalyst was 
removed by filtration; the reaction mixture was concentrated to a 
tan oil, 7.56 g. (89z), which was of sufficient purity to use in the 


of H20). 


4 The IR spectra were recorded as neat liquid films, as mineral oil 
mulls, or as CHCL solutions. The NMR spectra were taken as CDC13 
solutions with internal TMS (6 = 0.0) using a Varian A60-A spectrom- 
eter. Where multiplets are involved the chemical shift is measured 
from TMS to the center of the multiplet. In TLC, Solvent System 1 is 
benzene-ether, 1 : 1, and System 2 is CHCla-MeOH, 2: 1. 


6 The quantity of added base has been found to be quitecritical, since 
the addition of insufficient or excess base in this experiment causes a 
decrease of the absorbance at 56C570 mu. 
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Table 11-Color Intensity Developed when the Time of the 
Alkylation Reaction was Varied" 


7- E X 563 mp 
Time, min. Chlorambucil Hemimustard, VIII 


10 
20 


2.54 
3.06 


2.76 
2.75 


30 3.32 2.75 
40 3.36 2.76 
50 3.36 2.78 


a The ratio of alkylating agent to NBP was 1 : 2.3. 


next step. The IR spectrum showed an absorption at 2.90 p at- 
tributed to N-H. The NMR spectrum exhibited to a two-proton 
singlet at 4.3 6 and a five-proton singlet at 7.3 6 that were assigned 
to the benzyl group. 


SiO, TLC (Solvent System 1) of the reaction mixture shows two 
major spots. One of these is the desired N-benzyl compound, 11, 
while the slower moving spot travels identically as methyl cC(p-ami- 
nopheny1)butyrate. In smaller scale preparation, column chromatog- 
raphy on SiOz (Solvent System I)  was employed to remove the pri- 
mary amine. In the subsequent hydroxyethylation reaction, it was 
found that the bis-hydroxyethylated compound, methyl 4-( p[bis- 
hydroxyethyl)amino]phenyl} butyrate could be easily separated 
from the desired compound, 111, by chromatography so that exten- 
sive purification at this reduction step is not necessary. 


Methyl 4- { [p-(N-Benzyl)-(2-hydroxyethyl)amino]phenyl} butyrate 
(111)-A 100-ml. round-bottom flask containing 7.6 g. (0.028 
mole) of the N-benzyl compound, 11, 40 ml. of 50% HOAc, and 
7.7 ml. of ethylene oxide at 0" was stoppered and kept at room 
temperature for 16 hr. The reaction mixture was then poured into 75 
ml. of H,O and neutralized with solid NaHC03. This solution was 
extracted with several portions of EtOAc. The combined EtOAc 
extracts were washed thoroughly with H,O, dried (MgSOS, filtered, 
and evaporated to a brown oil (7.89 g.). 


The crude hydroxyethyl compound was purified by chromatog- 
raphy on a 40 X 2.2-cm. SiO, column. The column was developed 
firstwith +H-Etz0,9: 1,followed by4H-Et20,4: 1,which eluted 5.22 
g. (66%) of Compound 111 as an oil. The IR spectrum exhibited the 
expected -OH bands at 2.9 and 9.55 p. The NMR spectrum exhib- 
ited, in addition to those resonances observed for Compound 11, a 
four-proton multiplet centered at 3.65 6 which was assigned to the 
methylene groups of the newly added 2-hydroxyethyl moiety. 


Methyl 4- (p-[( N-Benzyl)-(2-acetoxyethyl)amino]phenyl] butyrate 
(1V)-A solution of 5.22 g. (0.016 mole) of the hydroxyethyl Com- 
pound 111, 15 ml. of dry pyridine, and 15 ml. of acetic anhydride 
was kept overnight in a 100-mi. round-bottom flask. The reaction 
mixture was poured into 100 ml. of HzO, neutralized with NaHCOa, 
and extracted with EtOAc. The combined EtOAc extracts were 
washed with N HCl (until the aqueous wash remained at pH l), 
H20, saturated NaHC03, and again with H20. The EtOAc solution 
was dried (MgSOa), filtered, and evaporated to an oil, 4.97 g. 
(84x). The material was homogeneous on SiOz TLC (Solvent 
System 1) and its IR showed the typical acetoxy band at 8.10 p. The 
NMR spectrum exhibited a three-proton singlet at 1.99 6 which was 
assigned to the acyl methyl group. In addition, there was a two- 
proton triplet at 4.25 6 (J = 6 c.P.s.) that was assigned to the AcO- 
CH2- protons. 


Methyl 4- ([p-(2-Acetoxyethyl)amino]phenyl} butyrate (V)-A 
solution of 4.95 g. (0.013 mole) of the N-benzyl-acetoxyethylamino 
Compound IV in 35 ml. of 95% EtOH was stirred with 0.56 g. 
of 5 % Pd-C catalyst in the presence of hydrogen gas at atmospheric 
pressure until sligh ly more than the theoretical amount of gas was 
taken up (16 hr.). The catalyst was removed by filtration and the 
ethanolwas evaporated under reduced pressure to yield 3.49 g. (93 %) 
of an oil which was homogeneous on SiOz TLC (Solvent System 1). 
The NMR spectrum showed that the benzyl group was removed 
since the two singlets attributed to the protons of the benzyl group 
were absent in the spectrum. The IR spectrum showed the expected 
N-H band at 2.90 p. 


Methyl 4- (~-[(2-HydroxyethyI)-(2-acetoxyethyl)amino]pheny~ } - 
butyrate (V1)-Hydroxyethylation of V with ethylene oxid 2 was 
carried out in a manner similar to that used for the preparation 
of 111. A 2.69-g. (0.009-mole) portion of V gave 2.18 g. (70%) of an 
oil whose NMR spectrum was consistent with that expected for the 
desired compound. The additional methylene groups of the hydroxy- 


ethyl group were observed as a nine-proton multiplet at 3.6 6 (the 
integration includes the three protons of the O-CH3 singlet). At 4.2 
6 a two-proton triplet was assigned to the methylene group adjacent 
to the acetoxy moiety. The IR spectrum showed absorptions at 
5.70and 5.80p, the former being assigned to the acetate, and at 2.90 
and 9.55 p,  both of which were assigned to the OH. 


On SiOz TLC (Solvent System 1) the compound was nearly 
homogeneous and showed three minor contaminants in addition to a 
large major spot. 


Methyl 4- (p-[(2-Chloroethyl)-(2-aeetoxyethyl)amino]phenyl} buty- 
rate (VII)-Freshly distilled POC13 (20 rnl.) and 2.61 g. (8.0 mmoles) 
of the hydroxyethyl compound, (VI), were heated at reflux for 1 
hr. and then poured into 200 ml. of crushed ice. The mixture was 
stirred for 20 min., with ice being added periodically, and then 
extracted with several portions of chloroform. The combined CHCll 
extracts were dried (MgS04), filtered, and evaporated to give 2.45 g. 
(88 %) of a yellow oil. The oil was essentially homogeneous on silica 
gel TLC in Solvent System 1. The NMR spectrum exhibited the fol- 


lowing resonances: 2.00 6 (s, 3H, CLH3); 3.62 6 (m, 6H, -CH2- 
and --CH,-CH2 of Nsubstituents); 3.67 6 (s, 3H, O--CH3); 


4.21 6 (t, J = 6 c.P.s., assigned to CH2 adjacent to  C1 or OAc); and 
6.85 6 (q, 4H, J = 8.5 c.P.s., aromatic). The IR spectrum (neat) 
showed no absorption at 2.90 p and an absorption at 13.3 p which 
was assigned to C-Cl. The crude material was purified by prepara- 
tive silica gel plates (Solvent System 1) to  yield 1.29 g. (6873 of 
an analytically pure oil. 


Anal.-Calcd. for CI~HZ4ClNO4: C, 59.73; H, 7.08; N, 4.10. 
Found: C, 59.76; H, 7.23; N, 4.15. 


A smaller scale reaction, carried out prior to the above experi- 
ment, gave material that had identical IR, NMR, and TLC to the 
material prepared above. A satisfactory chlorine analysis was ob- 
tained. 


0 
l l  


Anal.-Calcd.: 10.37. Found: 10.3 for this material. 
4-{ p-[(2-Chloroethyl)-(hydroxyethyl)amino]phenyl) butyric Acid 


"Hemimustard" (VII1)-The hydrolysis of the blocking groups 
was performed in refluxing HC1. A solution of 1.405 g. (4.1 mmoles) 
of Compound VII and 3.0 ml. of concentrated HCl was heated 
at reflux for 4 hr. The reaction mixture was cooled, diluted with 
H20, buffered at pH 5 by the addition of NaOAc, and extracted 
with several portions of CH,CL. The CHzClz extracts were combined, 
dried (MgS04), filtered, and concentrated to a colorless oil, 1.20 g. 
(84 73. 


A portion of the crude material was dissolved in EttO-petroleum 
ether (b. p. 30-60"). After 3 days in the cold, there was deposited 
crystalline VIII ; recrystallization from the same solvent yielded an 
analytically pure product, m.p. 51-53" (uncorrected). The material 
was homogeneous on silica gel TLC (Solvent System 2). 


And-Calcd. for CIJ-I2oClNO3: C, 58.84; H, 7.05; C1, 12.40; C1-, 
0.0; N, 4.90. Found: C, 58.72; H, 6.93; C1, 12.54; CI-, 0.0, N, 
4.86. 
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One of the central problems in drug research is the 
development of a systematic approach for the elucida- 
tion of structure-activity relationships. The problem is 
so pressing and so complex that it must be approached 
on many levels simultaneously. In this report the authors 
are concerned with purified enzyme, one of the simplest 
systems. The concept of drug-receptor sites, which has 
developed in recent years (l), is much like that of the 
active sites on enzymes. In some instances, enzymes are 
the active sites. Thus it seemed reasonable to make a 
survey of the structure-activity work on one of the most 
thoroughly studied enzymes, chymotrypsin. 


The hydrolytic enzymes have been the subject of the 
most extensive studies of structure-activity interrela- 
tion. Although an enormous amount of work has been 
devoted to all aspects of such enzymes, the understand- 
ing of their mechanism of action is still quite incomplete 
(2-4). Of this class of enzymes the most extensively 
studied is chymotrypsin. Its modes of action in the 
hydrolysis of esters and amides have been reviewed 
from various points of view (2-9). The present survey 
is from a particular point of view, namely that of 
extrathermodynamic structure-activity relationships. 


In surveying the literature, the authors have selected 
for analysis only those sets of data for which suitable 
substituent constants are available. Even with this 
limitation, the data are so voluminous and scattered 
that they cannot claim to have included all possible 
examples. Their object has been to try to characterize 
in a gross fashion some common characteristics of 
substrates and inhibitors, which have been defined by 
the constants K,,, and Ki. This effort is not intended to be 
the final definitive study but rather an initial study 
which hopefully will encourage others to undertake 
better designed experiments to explore more thoroughly 
substituent effects for which, at  present, ideal data are 
lacking. 


Considerable evidence now supports the view that 
chymotrypsin operates by what is called a double- 
displacement mechanism (2, 4, 10, 11); that is, the 
enzyme is first acylated and then the acyl intermediate is 
hydrolyzed to products: 


0 0 
I/ /I 


RC-OR' + enzyme + RC-nzyrne .-f 


RCOOH + enzyme + R'OH (Eq. 1) 


ki k2 ka 


k-i  k--2 k-a 
E f S =  ES F? E S ' e  E + Pz (Eq. 2) 


Pl 


kr 


k -4 


ES' f H+ ES'H (Eq. 3) 
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The kinetic implications of this mechanism have 
been worked out by Gutfreund and Sturtevant (10, 
11) .  In the early stages of the reaction, it is custom- 
ary to  assume that k2[ES] >> k3[ES’][P1] and that 
ka[ES’] >> k-3[El[P2]. If a large amount of substrate is 
present, then it may be assumed that [S ]  = [ S ] ,  where 
[ao is the initial substrate concentration. Application 
of the steady-state approximation to ES yields: 


where [Elo = [El + [ES] + [ES’] is the total enzyme 
concentration, t represents time, K ,  = (k-1 + kz)/k1, 
and kp’ = k3Ki/(Ki + [H+]) .  The rates of product ap- 
pearance are: 


(Eq. 5)  


Measurements which are made at times large enough so 
that the exponential term in Eq. 3 can be neglected can 
be treated using Eq. 6: 


Lineweaver-Burk plots at different values of [ S ] ,  yield 
the apparent constant: 


From the development of Eq. 8, it is clear that the 
apparent K ,  with which the authors are concerned is a 
complex constant. The problem is even more compli- 
cated if one assumes two or more binding sites to  be 
involved which might or might not lead to productive 
reactions (2). In fact, the picture is so complex that for 
structure-activity studies, one must proceed with an 
open mind and examine what empirical evidence is 
available simply to  improve one’s ability to  design bet- 
ter experiments with which to make still closer ap- 
proximations. The dangers of relying on Km(app.) as a 
meaningful constant are apparent from Eq. 8, and they 
have also been stressed by Bender and KCzdy (2). 


While considerable effort (2, 9, 10, 12) has been made 
to  define the kinetic parameters associated with Eqs. 
1-3, the present consideration will be limited to the 
hopefully less complex parameters Km(spp.) and K,. 
Despite many theoretical points for concern about the 
complex nature of K,, Neurath and Hartley (13) have 
summarized considerable evidence to show that K ,  is a 
close approximation to the simple binding constant 
K,. This review further supports this idea and at- 
tempts to  characterize more sharply the enzymic areas 
surrounding the catalytic site. 


The general approach to the formulation of extra- 
thermodynamic models has been well analyzed for 
nonenzymic reactions by Leffler and Grunwald (14). 
For enzymic processes, hydrophobic forces become ex- 
tremely important, and these must play an important 


part in any model (15-18). The approach in such studies 
has been to factor effects of substituents on rate or 
equilibrium constants into free energy-related terms 
as follows: 


(Eq. 9) -AG = RT In K 


6x AG = 6X AGhydrophobic f 6~ AGe~eotronio  f 6x AGsteric (Eq. 10) 


That is, the effect of substituent X on the free energy 
change in a rate or equilibrium process characterized 
by k is factored in operational terms as shown in Eq. 
10. Extrathermodynamic numerical solutions to Eq. 10 
can be obtained by the use of suitable substituent con- 
stants : 


6x log K = a r x  + bux + cEsx + d (Eq. 11) 


Other free energy-based parameters such as polariza- 
bility may also be employed in Eq. 11, so the pertinent 
substituent parameters determining biological response 
can be sorted out via regression analysis. In Eq. 11, 
the parameter a is defined (19) as: ax = log PX - 
log P H ,  where Px is the octanol-water partition coeffi- 
cient of a derivative and PH is that of a parent molecule. 
Hydrophobic binding is operationally defined by the 
octanol-water reference system. Electronic effects of X, 
represented by Hammett’s a-parameter and its various 
modifications (14), are related to highly specific elec- 
tronic effects not contained in a. To represent the 
steric effects of X, Taft’s E, parameter (20) can be used 
(21, 22). Here again, as with a and u, there is overlap 
between a and E,. Steric effects are highly specific 
effects such as those involved in the formulation of 
E,. These parameters have been successfully employed 
in the delineation of the roles of substituents in a 
variety of systems (18) including a number of interest 
here, namely, simple proteins (23) and enzymes (16). 


While the parameters u and E, have been extensively 
studied and their use justified by many good correla- 
tions in relatively simple systems, partition coefficients 
have been much less studied. That they can be used to 
correlate quantitatively binding constants of small 
molecules to proteins is illustrated (17) in Eq. 12: 


log 1/C = 0.75(+0.07) log P + 
n r  S 


2.3qf0.15) 42 0.960 0.159 (Eq. 12) 


In Eq. 12, C is the molar concentration of organic com- 
pound necessary to produce a 1: l  complex with 
purified bovine serum albumin, and P is the octanol- 
water partition coefficient. This linear free energy re- 
lationship correlates the affinities of 42 miscellaneous 
(phenols, anilines, naphthalenes, alcohols, etc.) organic 
compounds for a hydrophobic site on serum albumin. 
This equation and many similar ones (17, 18,23) appear 
to  justify the octanol-water partition coefficient as a 
meaningful parameter for estimating hydrophobic 
character of a molecule. The relative constant a is the 
corresponding parameter for a substituent (19, 24). 


While the present authors have used octanol-water 
as a reference system, Scholtan has shown in a rather 
extensive study that the isobutanol-water system ap- 
pears to yield comparable results (25). Wildnauer and 
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Canady (26) have recently shown that for certain 
chymotrypsin inhibitors, aliphatic hydrocarbons such 
as pentane, hexane, heptane, and water serve as suit- 
able reference systems. They also correlated inhibitor 
potency with surface area of the inhibitor (26). 


Since a-chymotrypsin has been readily available in 
crystalline form for some time, it has been the subject of 
extensive investigation. The detailed studies of Nie- 
mann, Bender, Baker, and others (see 27-32), dealing 
with the selectivity and inhibition of the enzyme, along 
with recent sequence analyses and X-ray crystallographic 
work (33) provide data for structure-activity analysis. 
A variety of data is most important; a correlation of one 
or two sets of data for such a complex process as enzyme 
substrate interaction leaves one with the feeling that 
other workers using different molecules might find quite 
different results. It is only after many sets of quite dif- 
ferent data can be treated with a consistent result that 
one can place much confidence in such extrathermo- 
dynamic correlations. 


One unfortunate observation of the present survey 
is that most of the studies of substrates and inhibitors 
were designed without giving much thought to  the 
present state of the ability to treat substituent effects in 
quantitative terms; that is, instead of varying one of 
two parts of substrate or inhibitor molecules with 
substituents for which reliable physicochemical param- 
eters are known, workers have often studied a small 
set of congeners in which gross changes have been made 
which preclude treatment by present methods of analy- 
sis. It is hoped that a result of the analyses in this report 
will be the encouragement of better designed studies for 
quantitatiue structure-activity analysis. 


In attempting to understand substituent effects on 
the interaction of substrates and inhibitors with a-chy- 
motrypsin, the model of Hein and Niemann (30,3 1) is of 
help in orienting the discussion. Actually, their nomen- 
clature will be employed to designate the space around 
an asymmetric center held on the active site of the 
enzyme. As will become apparent, the results of this 
analysis do not support the necessity of postulating 
the large number of microscopic binding constants in 
which each of the less than perfect modes of interaction 
plays a definite part in holding substrate to enzyme. 
The view taken here is similar to that of Bender and 
Kizdy (2) that the 12 possible modes of interaction 
between, say, an L-substrate and the enzyme violate 
the rule of “scientific simplicity,” and this complexity 
should not be invoked until absolutely necessary. The 
general picture of the Hein-Niemann model is shown in 
Structure I. In this generalized model, NHCORl repre- 


sents the N-acyl portion; R2 is the side chain in the 
a-position; CORs is the ester or amide bond that is 
hydrolyzed; and pl, pz, p3, and pa are the areas of the 
active site with which the four substituents on the 
a-carbon interact. Structure I depicts the most specific 


L 
Table I-RCHC02CH3 as Chymotrypsin Substrates 


I 
NHCOCHI 


R 


Methyl 
Ethyl 
Propyl 
Butyl 
Pentyl 
HexyP 
Isopropyl 
Isobutyl 
Benzyl 
Cyclohexylmethyl 


0.00 
-0.07 
-0.36 
-0.39 
-0.40 
-0.40 
-0.47 
-0.93 
-0 .38  
-0.98 


7rb 


0.50 
1 .oo 
1.50 
2.00 
2.50 
3.00 
1.30 
1.80 
2.031 
2.890 


-log l l K m - -  
o*” ObsC Calcd.d 


0.00 -2.87 -2.69 
-0.10 -1.72 -1.99 
-0.12 -1.01 -1.28 
-0.13 -0.83 -0.57 
-0.16 -0.21 0.14 
-0.17 -0.47 
-0.19 -2.05 -1.56 
-0.13 -0.58 -0.85 


0.22 -0.10 -0.53 
-0.06 0 . 7 2  0.69 


Q From Reference 20. b From Reference 19. c From Reference 50; Km 
is in mM. d Calculated using Eq. 13.6 Not included in derivation of Eq. 
13. f Benzyl value of 2.63 minus 0.60 for folding effects (24) observed 
on measured log P for N-acetylphenylalanine methyl ester. 0 Calculated 
using measured log P for cyclohexanol minus hydroxyl plus methyl. 
See text for discussion. 


of the 12 possible interactions, with all of the others re- 
sulting in a less productive or nonproductive complex 
termed “wrong-way binding.” 


Recent experimental evidence now makes it possible 
to indicate some of the amino acids of the enzyme 
which are involved in the portions of the active site, as 
proposed by Hein and Niemann. 


p H  Area: On the basis of results (34, 35) with a- 
methylamino acids, it has been concluded that although 
the hydrolysis rate is lowered, the methyl group has 
little effect on binding. Hence, the pH area is presumed 
to be open to solvent. 


p1 Area: On the basis of unique dialkylation of the 
active site by p-nitrophenyl-N-bromoacetyl-a-amino- 
isobutyrate, methionine 192 has been identified as 
being reactive in this area of the active site (36). The 
ester portion of this reagent was first hydrolyzed by the 
enzyme, affording p-nitrophenol and acylated serine 195. 
Then the bromoacetyl moiety, now fixed to the enzyme, 
reacted with methionine 192. 


p2 Area: Evidence for a specific role for an amino 
acid residue interaction with a substrate in this area 
has not been found. There is some evidence to suggest 
that a tryptophan residue in this region might par- 
ticipate in a charge transfer reaction (37). X-ray crystal- 
lographic studies indicate (33) that tryptophan 215 
ties near methionine 192. 


p3 Area: By irreversible alkylation studies with 
diisopropyl fluorophosphate and other reagents, a 
serine residue has been implicated in this portion of the 
active site (38). From amino acid sequence studies and 
X-ray crystallography, it is now fairly certain (33, 39) 
that this is serine 195. Histidine 57 has also been identi- 


Table I1-C6H5CH2CH2CO2R as Chymotrypsin Substrates 


Methyl 0.50 3.27 3.27 


Propyl 1.50 3.48 3.48 
Ethyl 1 .oo 3.36 3.37 


Q From Reference 19. b From Reference 26; K, is in M. c Calculated 
using Eq. 14. 
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Table III-C6H,CONHCHzCO2R as Chymotrypsin Substrates Table V-XCH(CH2COOEt)z as Chymotrypsin Substrates 


-log l/Km---- 
R E'= K b  Obs.c Calcd.d 


Methyl 0.00 0.50 -0.51 -0.51 
Ethyl -0.07 1.00 -0.36 -0.34 
Propyl -0.36 1.50 -0.28 -0.25 
Isopropyl -0.47 1.30 -0.31 -0.37 
Butyl -0.39 2.00 -0.04 -0.06 
Isobutyl -0.93 1.80 -0.38 -0.36 


a From Reference 20. 6 From Reference 19. = From Rexerence 46; Km 
is in mM. Calculated using Eq. 15. 


fied (40-42) by alkylation and X-ray crystallography 
in this portion of the active site, and it lies only 4 A 
from the serine 195 residue (33). 


METHOD 


The general approach is to account for substituent 
effects on the binding of substrate by enzyme, as repre- 
sented by log l/K, or log l/&, by the linear combina- 
tion of free energy-based substituent constants (Eq. 
11). In Eq. 11, the constants a, b, c, and d are found by 
the method of least squares. (See Reference 43 for a 
discussion of this technique and its use in regression 
analysis.) While E, has been defined (19) to represent 
intramolecular steric repulsions, it has been found to be 
of use in intermolecular interactions as well (21, 22). 
In testing the value of E, in chymotrypsin correlations, 
the authors have also tested Hancock's corrected pa- 
rameter (44), defined as: E," = E, + 0.306(n - 3), wheren 
represents the number of a-hydrogens on the substitu- 
ent alkyl group. In assaying electronic effects of sub- 
stituents, u, as well as its variations (14) ur, a+, and u-, 
has been employed. 


For hydrophobic interactions, a or log P has been 
used. In most of the examples, a large portion of the 
substrate or inhibitor was held constant, and a can be 
used to represent the hydrophobic effect of the substitu- 
ents. For example, in Table I the -CHCO2CH3 portion 


1 
NHCOCH, 


of the substrates is constant, and a has been 
used for each of the R functions attached to the a-car- 
bon. For each CH, or CH, group, the value of 0.50 
for a was used to  estimate a for higher alkyl functions. 
The additive constitutive character of a and log P 
greatly simplifies such analyses (19, 24). 


From the data in Tables I-X, the equations in Table 
XX have been derived for enzyme substrate binding; 
from the data in Tables XI-XIX, the equations in 
Table XXI have been derived for enzyme inhibitor 
interaction. Only the most significant equations, as de- 


Table 1V--C6H5CONHCH2CO2R as Chymotrypsin Substrates 


-log l/Km- 
R K' Obs.b Ca1cd.c 


Methyl 0.50 2.57 2.56 
Ethyl 1 .oo 2.63 2.63 
Propyl 1.50 2.77 2.75 
Isopropyl 1.30 2.66 2.69 


-log l/Km- x K" (TI 0bs.b Calcd.c 


-OH -1.16 0.29 -2.00 -1.91 
-NHCOCH2 --1.2Id 0.24 -1.82 -1.94 
-0COCHs -0.27 0.33 -1.57 -1.45 
-H 0.00 0.00 -1.21 -1.31 


Q Aliphatic values from Reference 24. b From Reference 47; Km is in 
M .  c Calculated using Eq. 17. d Aliphatic CONHz plus 0.50 for methyl 
group. 


termined (43) by an F test (a <O.lO), are given. In 
several of the examples, so few data points are available 
that one cannot be sure that higher order (45) equations 
are not needed. 


The following log P values in the octanol-water 
reference system have been measured for the first time: 
N-acetyl-DL-phenylalanine methyl ester, 0.92 * 0.01 ; 
ethyl propyl p-nitrophenylphosphonate, 2.20 f 0.01 ; 
ethyl furoate, 1.52 f 0.01; azulene, 3.20 f 0.02; 
ethyl isonicotinate, 1.43 f 0.02; ethyl nicotinate, 
1.32 f 0.01; ethyl picolinate, 0.87 f 0.01; ethyl 
anthranilate, 2.57 =t 0.01 ; and ethyl 2-thiophenecarbox- 
ylate, 2.33 f 0.03. The standard deviations are from 
four separate determinations using different volume 
ratios of solvents, except for ethyl picolinate where only 
three determinations were made. To  calculate a-values 
for the acyl functions of Table VIII, the ethoxy value 
of -0.23 derived from diethyl ether was subtracted 
from the measured log P values for the ethyl esters. 


The use of group polarizability (PB) as reflected in 
atomic molecular refractivities in quantitative correla- 
tions was suggested by the recent study of Agin et al. 
(59). They showed that, as a first approximation, bind- 
ing of small molecules to  macromolecules should be 
logarithmically related to al, where a is the polariz- 
ability and I is the ionization potential. It is found (49) 
that little is lost in correlation if Z is neglected. Niemann 
and Hein also considered the importance of polariza- 
bility (52). Although there is a large amount of co- 
correlation between PB and a since both are dependent 
on molar volume, the proper selection of derivatives 
shows enough independence so that they may be used to  
characterize enzymic binding areas. For example, 
r 2  = 0.3 for the correlation between 7~ and PB for the 
substituents in Table IX. For the 21 groups of Table VII, 
the cocorrelation is r 2  = 0.4. 


RESULTS 


Equation 13 in Table XX correlates the data of Table 
I. Using the Hein-Niemann model, the substrate fit to 
the site of action can be pictured as follows: 


PB . 
H, ,serine 


0 


a From Reference 19. b From Reference 26; K, is in M. c Calculated 
using Eq. 16. 
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Table VI-RCOOC6H4N02 as Chymotrypsin Substrates 


pH 5.92 pH 7.99 pH 8.90 
--log kzlKm-7 -log ka/Km-- -log k2/Km-- 


R 7ra E? Obsc Ca1cd.d 0bs.c Calcd.‘ Obs.c Calcd.’ 


3.14 Methyl 0.50 0.00 2.56 2.62 3.13 3.30 3.12 
Ethyl 1 .oo -0.07 2.80 2.89 3.53 3.51 
Propyl 1.50 -0.36 2.81 2.78 3.42 3.39 3.25 3.18 


Isoprop yl 1.30 -0.47 2.49 2.42 3.28 3.09 2.79 2.88 
Isobutyl 1.80 -0.93 1.99 2.01 2.60 2.71 2.33 2.45 
tert-Butyl 1.980 -1.54 1.38 1.07 2.16 1.90 1.86 1.57 
Neopentyl 2.48h -1.74 0.82 1.12 1.69 1.92 1.36 1.56 


- - 
Pentyl 2.50 -0.40 3.55 3.49 3.97 3.96 3.80 3.74 


a From Reference 19. b From Reference 20. c From Reference 48. d Calculated using Eq. 19. 8 Calculated using Eq. 20. f Calculated using Eq. 21. 
Q From measured log P for terr-butylbenzene. * Calculated by adding 0.50 for methyl to the measured tert-butyl value. 


In  Structure 11, the a-hydrogen is not shown; it is be- 
low the plane of the page. Since adding terms in E, or u 
to Eq. 13 does not result in a significant reduction in 
the variance of the data, enzyme substrate binding as 
defined by K,  depends linearly on the hydrophobic 
character of R as defined by the octanol-water reference 
system. In deriving Eq. 13, two cases where R = H 
or hexyl have not been included. Hein and Niemann 
pointed out that when R = hexyl, a sharp break occurs 
in  both K ,  and KO, indicating that groups as long as 
hexyl do  not fit into the p2 area without some steric 
hindrance. The length of the chain may be involved 
since the cyclohexylmethyl group, which is just as 
lipophilic as hexyl (compare a-values, Table I), is well fit 
by Eq. 13. However, other explanations are possible 
(see Discussion). This same kind of break comes in 
data from inhibitor studies (see Eqs. 34 and 3 9 ,  al- 
though at a somewhat longer chain length. The case 


0 
1 1  


RC-NH 


Table VLI-R’-CH-COOCH3 as Chymotrypsin Substrates 
L 


--log l/Km-- 
Acyl-R Alkyl-R’ B - R ’ ~  P B - R ~  Obs.” Calcd.d 


Benzoyl Methyl 0.50 25.10 -0.99 -1.12 
2-Quinolinyl Methyl 0.50 41.00 0.66 0.19 
2-Furoyl Methyl 0.50 17.00 -1.69 -1.78 
2-Theophenoyl Methyl 0.50 22.71 -1.18 -1.31 
Nicotinyl Methyl 0.50 23.00 -1.57 -1.29 
lsonico t invl Methvl 0.50 23.00 -1.46 -1.29 
Picolinvl Methh 0.50 23.00 
Acetyl Methyl 0.50 5.72 
o-Aminobenzoyl Methyl 0.50 29.40 
Chloroacetyl Propyl 1.50 10.58 
Bemoyl Propyl 1.50 25.10 
Acetyl Isopropyl 1.30 5.72 
Chloroacet y 1 Isopropyl 1 .30 10.58 
Benzoyl Isopropyl 1.30 25.10 
Acetyl Propyl 1.50 5.72 
Acetyl Benzyl 2.03e 5.72 
Acetyl Isobutyl 1.80 5.72 
Acetvl Ethvl 1.00 5.72 
Aceiyl 
Acetyl 
Acetyl 


-1.25 -1.29 
-2.87 -2.71 
-0.67 -0.76 
-0.70 -0.93 


0.07 0.27 
-2.05 -1.61 
-1.64 -1.21 
-0.66 -0.01 
-1.01 -1.33 
-0.10 -0.60 
-0.58 -0.92 
-1.72 -2.02 


Buiyl 2.00 5.72 -0.83 -0.64 


Cyclohexyl- 2.89’ 5.72 0.72 0.59 
Pentyl 2.50 5.72 -0.21 0.05 


methyl 


Taken from Reference 19 unless otherwjse noted. b Calculated from 
refractive indexes and density or from atomic refractivity; see Reference 
49. c From References 30 and 50-52. Km is in mM. d Calculated via Eq. 
22. e Benzyl r-value of 2.63 minus 0.60 for folding interactions (24). 
f Calculated by taking the measured log P for cyclohexanol, subtracting 
the r-value for aliphatic hydroxyl, and adding the r-value for methylene. 


where R = H is more active than Eq. 13 would predict. 
Why this is so is not clear. However, in this example, no 
binding possibility for the pz area exists. 


The esters of hydrocinnamic acid of Table I1 are 
correlated by Eq. 14. These derivatives can be visualized 
as fitting the model site as in Structure 111: 


I11 


Although only three derivatives are in this set, they 
have been included simply because the hydrophobic char- 
acter of the area as characterized by the coefficient with a 
in Eq. 14 can be compared to  that in Eqs. 15 and 16. 
The mean coefficient with a for these three equations is 
0.29 f 0.1. The difference between this dependence of 
binding on R and that of Eq. 13 indicates the pro- 
nounced difference between the p2 and p3 areas. 


Two sets of data, in which the alkyl group of the ester 
function pictured in Structures IVa and IVb as binding 
to the p3 area is varied, are correlated by Eqs. 15 and 16. 


P J  


H,OAserine 


pJ . H, ,serine 
0 


IVa IVb 


L 
Table VIII-CH3CHCOOCH3 as Chymotrypsin Substrates 


I 
NHAcyl 


---log 1fKm-p 
Acyl 7 P  PBh 0bs.c Calcd.d 


Furoyl 1.75 17.0 -1.69 -1.90 
Theop henoyl 2.56 22.7 -1.18 -1.31 
Nicotinyl 1.55 23.0 -1.57 -1.28 
Isonicotinyl 1.66 23.0 -1.46 -1.28 
Picoliny 1 1.10 23.0 -1.25 -1.28 
Benzoyl 2.75 25.1 -0.99 -1.06 
2-Quinolinyl 2.45 41.0 0.66 0.58 
2-Aminobenzoyl 2.80 29.4 -0.67 -0.62 


a See section on Merhod. b Calculated using values from Reference 49. 
c From Reference 52. d Calculated using Eq. 23. 
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Table IX-Acyl-NHCH2C02CH3 as Chymotrypsin Substrates Table XI-R-C6H40CHsCOX as Chymotrypsin Inhibitors 


-log 1 / K m p -  
Obs.b Calcd.c Acyl PEa  


---log l/I/S-- 
R(X=CHz) 7ra Q Obsb Ca1cd.c 


Acetyl 
Propionyl 
Is0 butyryl 
Isopentanoyl 
Chloroacetyl 
Dichloroacetyl 
Triff uoroacetyl 
Phenylacet yl 
Benzoyl 
p- Aminobenzo yl 
Nicotinyl 
Isonicotinyl 
2-Furoyl 
Indole carbonyl 


5.72 
10.34 
14.96 
19.58 
10.58 
15.44 
6.08 


29.72 
25.10 
29.40 
23.00 
23.00 
17.00 
36.47 


-1.48 
-1.58 
-1.66 
-1.38 
-1.82 
-1.34 
-1.72 
-0.90 
-0.88 
-0.92 
-1.49 
-1.24 
-1.29 
-0.14 


-1.82 
-1.63 
- I  .44 
-1.25 
-1.63 
- I  .42 
-1.81 
-0.83 
- - I  .02 
-0.84 
- 1 . 1 1  
-1.11 
-1.36 
-0.55 


a Calculated from atomic refractivities or refractive indexes and 
densities; see Reference 49. b From Reference 53. c Calculated using Eq. 
24. 


In this example the amide moiety might fit into either 
the p1 or p z  area. In Eq. 15, where a better selection and 
larger number of derivatives were tested, a dependence 
is found on both w and E,. The positive sign of the 
coefficient with E, indicates that large functions hinder 
binding in the p 3  area as measured by l/Km. This means 
that as R becomes larger, interaction of the electron- 
deficient sp2 carbon of the ester group with a nucleo- 
phile, say serine, becomes unfavorable. Binding is pro- 
moted by increasing values of w but to a lesser extent 
than at  pz (compare slopes in Eqs. 13 and 15). In Eq. 
16, the dependence of l/Km on 7r is in rough agreement 
with that of Eqs. 14 and 15. In Eq. 17, good agreement 
is found between log 1/K, and w. So few points are 
available that no assessment of the roles of E, or CT can 
be made. 


In a recent study of p-nitrophenyl esters of fatty 
acids, Milstien and Fife (48) found that a plot of log 
kz/K, versus E, gave a fair correlation. Such a correla- 
tion is expressed in numerical form in Eq. 18. It is seen 
in Eq. 19 that when hydrophobic bonding is also taken 
into account, a much better correlation results. The 
coefficient with E, is larger than that of Eq. 15, as one 
would expect, since R is closer to the electron-deficient 
carbonyl carbon in molecules of Table VI than in those 
of Table 111. One would expect more hindrance to binding 
of the kind depicted in Structure IV. Studies by Milstien 
and Fife were made at various hydrogen-ion concentra- 
tions. Equations 20 and 21, derived from data obtained 
from runs made under more basic conditions, yield the 


D 
Table X-Acyl-NHCHCOOCH, as Chymotrypsin Substrates 


I 
CHI 


-- log 1/Km-- 
Acyl P E a  0bs.3 Calcd.c 


Furoyl 17.00 -1.69 -1.75 
Theophenoyl 22.70 -0.87 -1.04 
Nicotinyl 23.00 -0.78 -1.00 
Isonicotinyl 23.00 -1.43 -1 .oo 
Picolinyl 23.00 -1.23 -1 .oo 
Benzoyl 25.10 -0.52 -0.74 
0- Aminobenzoyl 29.40 -0.20 -0.20 


a See Reference 49. b From Reference 52. c Calculated according to 
Eq. 25. 
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0.00 0.90 -1.77 -1.96 
0.24 0.78 -1.30 -1.41 
0.11 0.71 -1.40 -1.55 


2-NO; -0.23 1.24d -1.48 -e 


4-CN -0.32 0.66 -2.22 -1.92 
3-CN -0.30 0.56 -2.05 -1.95 
4-OCHZ -0.04 -0.27 -1.92 -2.12 
4-CHa 0.52 -0.17 -1.96 -1.63 
3-CH3 0.51 -0.07 -1.77 -1.59 
4-CI 0.70 0.23 -1.30 -1.30 
3-c1 0.76 0.37 -0.74 -1.19 
2-CeHs 2.13 O.OOd -0.90 -e 


3,4-Di-C1 1.46 0.60 -0.57 -0.52 
2,3-Di-C1 1.35 1.05d -0.41 -e 


3,4-Benzo 1.34 0.17 -0.95 -0.82 
R(X = CeH,) 
H 0.00 0.00 -1.40 -1.10 
4-OCH3 -0.04 -0.27 -0.98 -1.25 
4-c1 0.70 0.23 -0.40 -0.43 


a From Reference 19. b From Reference 54. c Calculated using Eq. 
26. d Ortho-values for u taken from Reference 55. e Ortho-substituents 
omitted because of unreliable substituent constants. 


same quality correlations as at the lower pH. Under 
each of the three different conditions of pH, the de- 
pendence of log kz/Km on T and E, is the same. While 
there are small differences in the coefficients with these 
terms from equation to  equation, these variations are 
well within the 95% confidence intervals. There is a 
significant difference between the intercept of the low 
pH (Eq. 19) and equations (Eqs. 20 and 21) for work at 
the higher pH. This is in line with the well-known higher 
activity of chymotrypsin at higher pH. The work of 
Milstien and Fife, expressed in units of kz/K,,,, is not 
directly comparable with the other work using K, and 
K, .  It has been included to show that although activity 
of the enzyme does vary with pH, the relative substituent 
effects do not; at least this is true for the range of 
changes and pH range investigated by Milstien and 
Fife. This would imply that large changes in the geome- 
try of the reaction site, as it is defined by these esters, 
do not occur with changes in pH. The variations in 
activity with pH might be attributable to the relative 


Table XII-Miscellaneous Chymotrypsin Inhibitors 


--log l/Ki--- 
Compound log P Obs.< Calcd.b 


Phenol 
3-Methoxyphenol 
4-Methylphenol 
3-Methylphenol 
2-Chlorop hen01 
2-Bromop hen01 
4-Chlorophenol 
4-Bromophenol 
2,4-Dichlorop hen01 
2,4-Dibromop hen01 
Acetonitrile 
Cyclohexanol 
Benzene 
N,N-Dimethylaniline 
Chloro benzene 
Bromobenzene 
Acridine 
Naphthalene 


1.46 -0.54 -0.52 
1.58 -0.30 -0.40 
1.94 -0.03 -0.05 
2.02 0.05 0.03 
2.15 0.07 0.16 
2.35 0.21 0.35 
2.39 0.42 0.39 
2.59 0.68 0.58 
3.08 1.14 1.06 
3.48 1.35 1.45 


-0.34 -2.86 -2.87 
1.23 -1.46 - 
2.13 -0.49 -0.46 
~ .. 


2.31 -0.22 -0.28 
2.84 0.02 0.24 
2.99 0.29 0.38 
3.40 0.85 0.78 
3.37 0.96 0.75 


a From Reference 56. b Calculated using Eq. 29. 







Table XIXI-Aromatic Acids as Chymotrypsin Inhibitors 


--log l/Ki-- 
Compound logP pK, 0bs.O Calcd.b 


Table XV-RCONH as  Chymotrypsin Inhibitors 
I 


R '-CHCOOCH3 
D 


Benzoic acid 1.81 4.17 1 .99  2.31 
3-Methylbenzoic acid 2.37 4 .27  2.42 2.80 
4-Methylbenzoic acid 2.27 4 .37  2.43 2.71 
3-Phenylpropionic acid 1 .84  4.66 2.79 2.33 
4-Phenylbutyric acid 2.42 4 .76  3.22 2 .85  
2-Naphthoic acid 3.19 4.16 3.86 3.53 
4-terr-Butylbenzoic acid 3.  79c 4.41 3.89 4.07 


--- log I/Kz--- 
R R '  P E - H O  X R ' ~  0 b s . c  Calcd.d 


CHI  (CH,),CH 5 .72  1 .30  -2.30 -2.55 
CICH, (CH,),CH 10.58 1 .30  -2.22 -2.11 
CsHj (CHa)KH 25.10 1.30 -0.72 -0.82 
C H  2 C-H, 5.72 1.50 -2.05 -1.97 


a From Reference 26; K ,  is in M .  b Calculated using Eq. 30. c Cal- 
culated by adding tert-butpl rr-value of 1.98 (from terf-butylbenzene log 
P) to the measured log P for benzoic acid. 


protonation of the critical imidazole moiety in the p 3  
area. 


Equation 22 correlates a set of substrates (Table VII) 
in  which changes are being made simultaneously in 
two positions which would affect binding in the p2 and 
pl areas of Structure V: 


P J  


I 
O,C/OCHJ 


p2 RJ\NHCR PI 
II 
0 


1' 


For this set of congeners, poor correlations were ob- 
tained using ZP for R'  and R. Factoring R into two 
terms, P R  + T R ' ,  improved the correlation; however, 
from many preliminary calculations, it was observed 
that P does not correlate substituent effects well for the 
p1 area. This area does not appear to be hydrophobic in 
character. The best correlations for this area were ob- 
tained using the group polarizability (PE) .  Thus it would 
seem that dispersion forces and steric factors are most 
important for binding in this area. 


In Eq. 23, using P instead of PE yielded a correla- 
tion with r of only 0.556! For this set of substrates, 
where only the acyl portion is being varied, rather large 
changes in R result in relatively small changes in K,. 
In fact, there is only a 10-fold change in binding for the 
molecules in Table VIII; thus the p 1  area does not 
appear to be apolar in character, nor does it appear to 
be sterically demanding, since a wide variety of modifi- 
cations binding in this area are quite active substrates. 
Equations 24 and 25 are two further examples where 
better correlations are obtained with PE than with P .  


Using P in Eq. 24 instead of PE gave a correlation with 


o x  
It / 
\ 


as Chymotrypsin Inhibitors Table XIV-CoHjOCH&N 


CGHIR 


--log l/Z/S-- 
X R K H a  UR Obs.* Calcd.< 


Me H 0.00 0.00 -1.70 -1.29 
H H 0.00 0.00 -1.11 -1.29 


H 4-C1 0 .70  0.23 -0.18 -0.44 
H 4-Br 1 .02  0 . 2 3  -0.23 -0.05 
H 3-C1 0 .76  0.37 -0.43 -0.37 


Me 4-N02 0 .24  0 .78  -0.78 -1.00 


a From Reference 19. * See b, Table XI. c Calculated using Eq. 31. 


CICH, C;H; 10.58 i . 5 0  - i . i 7  -1.54 
CeH5 C3H7 25.10 1 .50  -0.25 -0.24 
CHI CGHSCH, 5 .72  2.03' -0.36 -0.45 


a See Reference 49. b From Reference 19. c From Reference 51. d Cal- 
culated using Eq. 33. 6 Calculated from benzyl *-value of 2.63 minus 
folding contribution of 0.60. 


r = 0.627, while the same procedure with Eq. 25 gave a 
correlation with Y = 0.709. The mean coefficient with 
PE in the four substrate examples (Eqs. 22-25) is 
0.088 i 0.035. 


The equations in Table XXI summarize the structure- 
activity relationships of the data from Tables XI-XIX 
on chymotrypsin inhibitors. One of the best designed 
sets of inhibitors comes from the work of Baker et al. 
(54). The results are summarized in Eq. 26. Most of his 
derivatives were methyl ketones; however, a few were 
phenyl ketones. The constant X was given a value of 0 
for the methyl ketones and a value of 1 for the phenyl 
ketones. Both the P- and o-parameters are necessary to 
obtain a good correlation. The fit of these inhibitors to 
the model of the active site can be depicted as Structure 
VI : 


P,, X-CC,,H,-O/C\H P I  


VI 


The dependence of the inhibiting power of these 
derivatives on hydrophobic binding is strong, although 
somewhat different from Eq. 13. This is probably due 
to the fact that 1/K, and Zj0 are not strictly comparable 
ways of comparing binding affinities. The positive 
coefficient with u in Eq. 26 means that electron-with- 
drawing substituents also promote binding. Since P 
differs slightly from system to system and this difference 
is related to u, part of the effect of cr may simply be that 


0 
I 


Table XVI-ROPSCH2CHISEt as Chymotrypsin Inhibitors 
I 


CHa 


-- log K i p  - 
R 7ra Obs.b Calcd.c 


Methyl 0.50 -0.41 -0.59 


ProDvl 1.50 0 .53  0.55 
Ethyl 1 .oo -0.34 -0.02 


Butyi 2.00 i . 26  i .11 
Pentyl 2 .50  1.86 1 68 
Hexyl 3.00 2.44 2.25 
Heutvl 3.50 2.52 2.81 


a From Reference 19. b From Reference 57. c Calculated using Eq. 34. 
d This point not employed in the regression: see text for discussion. 
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0 
I + 


I 
Table XVII-ROP-SCH2CH2SEt CH3S04- as Chymotrypsin 


CH, 
Inhibitors I 


CH, 


-log K,- 
R 7ra Obs.* Calcd.c 


Methyl 0.50 0.27 0.00 
Ethyl 1 .oo 0.14 0.64 
Propyl 1 .50 1.24 1.28 
Butyl 2.00 2.09 1.92 
Pentyl 2.50 2.71 2.57 
Hexyl 3 .OO 3.47 3.21 
Heptyl 3.50 3.55 3.85 
Octyld 4.00 3.42 - 


a From Reference 19. b From Reference 57. c Calculated using Eq. 35. 
d This point was not used in the regression; see text for discussion. 


of correcting a; this could, in fact, explain part of the 
difference between Eqs. 26 and 13. However, in the 
present case this difference must be small, since r-con- 
stants are from the phenoxyacetic acid system which, of 
course, is quite closely related to the phenoxyacetones. 
Whether the phenyl ring is really fitting into the same 
area (pz) as the R group of Eq. 13 is, of course, open to 
question. It is possible that the inhibitors bind in 
another part of the enzyme and bring about their effects 
allosterically. The dummy parameter X of Eq. 26 is 
simply a technique (43) for taking into account the 
stereoelectronic difference between the methyl and 
phenyl functions. Using PE in Eq. 26 instead of a yields 
a poorer correlation ( r  = 0.779), indicating that this 
set more closely resembles compounds of Eq. 13 than 
molecules binding to the p1 area (Eqs. 22-25). 


An interesting set of data is that of Berezin et al. (56) 
which gives rise to Eqs. 27-29. Equation 27 correlates 
the 10 phenols of Table XII, and Eq. 28 correlates the 
rest of the molecules in Table XII. Cyclohexanol was 
omitted in the regression analysis because of uncertainty 
in its hydrogen-bonding ability. The slopes of Eqs. 27 
and 28 are quite similar, indicating a common hydro- 
phobic mechanism of action. However, the difference 
in the intercepts indicates the phenols to be about eight 
times as effective on an isolipophilic basis. Assuming 
this to be due to the strong hydrogen-bonding ability of 
the phenols, the term, HB, has been added for hydrogen 
bonding, and Eqs. 27 and 28 have been combined into 
Eq. 29. For phenols, HB is assigned a value of 1 ; the 
other molecules were given a value of 0. Cyclohexanol 
does not fit into the hydrogen-bonding group; that is, 
giving it a value of 1 for HB results in a poorly calcu- 
lated log I/& However, using a value of 0 for hydrogen 
bonding results in a good calculated log l/Ki. The 
similar dependence of inhibitory activity of the com- 


Table XVIII-C6HSCOR as Chymotrypsin Inhibitors 


R 
---log l / K , Y  


?Fa Obs.b Calcd.c 
~~~~~~~~ 


Acetophenone 0.50 3.27 3.27 
Propiophenone 1 .oo 3.36 3.37 
Butyrophenone 1.50 3.48 3.4s 


* Values for,alkyl portion only. h From Reference 26; K,,, is in M .  
c Calculated using Eq. 36. 
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Table XIX-Hydrocarbons as Chymotrypsin Inhibitors 


---log 1/Ki-- 
Calcd.b Compound log P Obs.a 


Azulene 3.20 4.22 3.50 
Benzene 2.13 2.09 1.93 
Toluene 2.69 2.55 2.75 
Naphthalene 3.37 3.94 3.75 
Chloro benzene 2.84 3.10 2.97 
Indene 3.33 7-67 3.70 - ._ - .  _ .  
Pentane 2.50 2.25 2.47 
Cyclo hexene 2.22 2.07 2.06 
Ethylbenzene 3.15 2.75 3.43 
Anthracene 4.45 5.27 5.34 


From References 32 and 58; K, is in M. b Calculated using Eq. 37. 


pounds represented by Eqs. 13 and 29, as indicated by the 
coefficients associated with the T and log P terms, would 
suggest a common mode of binding by the inhibitors 
and substrates. The importance of hydrogen bonding 
might be rationalized as in Structure VII: 


p3 


0 
H, ,serine 


VII 


It is possible that the acidic proton of the phenols aids 
in holding the inhibitors between areas p3 and pz, al- 
though there are many other ways in which the phenolic 
OH could participate in binding inhibitor to enzyme. 
Structure VII is meant to be suggestive and not to imply 
that only serine must be involved. Since the slopes of 
Eqs. 27-29 are the same, one would assume the same 
mechanism of inhibition as far as the hydrophobic 
contribution of the inhibitor is concerned. Using P E  
in Eq. 29 in place of log P results in a much poorer 
correlation ( r  = 0.870). This information also supports 
binding in the p2 rather than the p1 area. 


A smaller set of congeners, acting in a parallel man- 
ner to  those of Eqs. 26-29, is the group of acids in 
Table XI11 correlated by Eq. 30. This group of acids 
can be fit to the model as in Structure VIII : 


P a  


0 
H, ,serine 


Confidence limits on the coefficient with the log P 
term of Eq. 30 are large. While it cannot be said that the 
dependence on hydrophobic bonding is that of about 
1 as was found for substrates and inhibitors reacting 
with the pz area, it is reasonably close. The positive 
coefficient with the pKa term indicates that the more 
unionized acids are more effective. The poorer correla- 
tion with this set (note the confidence intervals and 
standard deviation) may be due to  steric effects involved 
with the different side-chain lengths between the car- 
boxyl group and the aromatic ring. 







Table XX-Correlation of Structure and Activity of Chymotrypsin Substrates 


Eq . 
Type Substrate "Best" Equation n r S Conditions No. 


RCHC02CHa 
I 


NHCOCH, 
from Table I 


from Table I1 


from Table 111 


from Table IV 


from Table V 
0 


CBHSCH~CHKO~R 


C~HSCONHCH~COZR 


CeHaCONHCH2CO2R 


RCH(CHKOOEt)2 


I /  
RCOCGH~NOZ 


from Table VI 


RCONH 
I 


R '-CHCOOCHa 
L 


from Table VII 
L 


CHsCH-COOCH, 
1 


NHCOR 
from Table VIII 


RCONH 
I 


CHzC02CH3 
from Table IX 


RCONH 
I 


CH,-CHCOzCH, 
D 


from Table X 


log l/Km = 1.419(&0.40)n 
- 3.409e0.74) 


log l/Km : 0.210(fO. 22)n 
+3.160(f0.24) 


log l/Km = 0.406(&0.18)n 


log l/Km = 0.251(f0.31)n 


log l/Km = 0.518(f0.61)n 


+ 0.400(f0.30)ES - 0.714(f0.19) 


+ 3.343(f0.36) 


- 1.308(f0.52) 


log kz/Km = 1.164(f0.65)Eb 


log k,/K, == 1.762(f0.42)E8 


log kt/Km = 1.513(f0.42)ES 


log kp/Km = 1 .620(f0.45)Es 


log l/Km = 1.382(fO.27)nRf 


+ 3.101(*0.60) 


+ 0.789(*0.40)n + 2.225(f0.52) 


+ 0.632(f0 .39)~  + 2.983(+0.51) 


+ 0.627(f0.42)~ + 2.823(f0.59) 


+ 0.082(&0.02)P~-R - 3.876(f0.58) 


log l/Km = 0.103(fO.O23)P~ 
- 3.653(&0.62) 


log l/Km = 0.042(fO.O15)P~ 
- 2.068(+0.31) 


log l/Km = 0.125(fO.O77)P1i: 
- 3.887(& 1.822) 


9 0.955 0.350 In water at 25", pH 7.90 and 
0.10 M in sodium chloride 


3 0.997 0.012 0.1 MKCl; 3.3 X M 
Tris buffer; pH 6.9; 25" 


6 0.972 0.047 In water at pH 7.0 and 25 ' 


4 0.925 0.055 0.1 MKCI; 3.3 X M 
Tris buffer; pH 6.9; 25" 


4 0.932 0.152 In water at pH 7.8, 25" and 
0.1 M NaCl 


8 0.872 0.460 25" in 4.68% CHKN, pH 


8 0.981 0.201 pH5.92 


8 0.976 0.198 pH 7.99 


7 0.982 0.196 pH8.90 


5.92 


21 0.934 0.331 In water at 25"; pH 7.90 and 
0.1o-O.05 M NaCl 


8 0.975 0.179 In water at 25"; pH 7.90 
and 0.10 M NaCl 


14 0.873 0.225 In water at 25"; pH 7.90 and 
0.50 M NaCl 


7 0.882 0.270 In water at 25 O ;  pH 7.90 and 
0.10 M NaCl 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


The amides in Table XIV, described by Eq. 31, can 
fit the Hein-Niemann model as in Structure IX. Un- 


IX 


fortunately, only six derivatives are available to assess 
complex substituent changes. As Eq. 31 shows, rR 
is an important factor, and the slope of this equation is 
in  agreement with that of Eqs. 13 and 29. Using PE 
instead of K yields, as expected, a poorer correlation 
(Y = 0.829). So few data points are available that no 
assessment of the role of X could be made. The dif- 
ferences in activity when X is H or CH3 are small, so 
that a reasonable correlation can be achieved with the 
single-variable Eq. 3 1. 


The esters correlated by Eqs. 32 and 33 are compara- 
ble to those of Eq. 22, except that D-isomers of Eqs. 
32 and 33 are used as inhibitors. Again, using PE for 
the acyl function and K for the a-alkyl group gives the 
best correlation. The higher coefficient with K R  of Eq. 
33 indicates binding of this function in the p2 area. 


Two models of binding (Structures Xa and Xb) can be 
used to rationalize these results: 


Xu Xb 


If binding occurs so that R'  is in the pz area and the 
a-H is in the pH area, then the fit of Structure Xa 
is obtained. The geometry here is quite different from 
that of Structure I1 and may be responsible for the 
difference in slope for the R term of Eq. 13 and the 
R' term of Eq. 33. If this is indeed the way binding 
occurs, the fact that Ps gives a better correlation than 
K would imply that p3 is similar to p1 (see Discussion). 
The arrangement in Structure X b  is based on the prem- 
ise that R' must fit into p2 and R into the pl area. 
This places the a-H in the p3 area and the ester function 
in the PH below the plane of the page. It is unfortunate 
that more data points are not available so that more 
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Table XXI-Correlation of Structure and Activity of Chymotrypsin Inhibitors 


Eq. 
Type Inhibitor "Best" Equation I I  r S Conditions No. 


0 


log l / l /S = 0.798(f0.28)a + 0.459(f0.45)a + 0.868(+0.40)X 
R &o;zwkl, 


from Table XI - 1.964(fO.24) 


from Table XI1 - 1.883(f0.26)  


- 2.596(+0.26) 


Misc. Compds. log 1/Ki = 0.950(+0.11) log P 


log 1/Ki = 0.996(&0.10) log P 


log 1/K, = 0.977(+0.06) log P + 0.592(zkO.l2)HB 
- 2.537(+0.18) 


Aromatic acids log 1/Ki = 0.942(+0.58) log P + 0.960(f1.78)pKa 
- 3.66qzk8.23) 


0 


log l/l/S = 1 . 2 1 q f O .  8 5 ) ~ ~  
/I 


CP,OCH,C X 
- 1.289(&0.51) 


'N' 
I 
I 


C P , R  
from Table XIV 
RCONH 


I 
R'-CHCOOCH3 


D 
from Table XV 
0 


log 1/Ki = ' 2 . 8 7 4 ( % 0 . 9 0 ) ~ ~ '  + 0 .089( fO.O2)P~-~  - 6.793(f1.49)  


log K; = 1.133(&0.24)n 
I 


CHI 


ROP-S-CHzCH&3Et 
I - 1.151(&0.53) 


from Table XVI 
0 CHaSOa- 


log Ki = 1.284(*0. 3 2 ) ~  
I 
I 


CH3 


ROP-SCHZCHziEt 


CH3 
from Table XVII 


from Table XVIII + 2.53(*0.40) 


1 - 0.643(f0.71)  


CBH~COR log 1/Ki = 0 . 3 1 ( f 0 . 3 7 ) ~  


Hydrocarbons log 1/Ki = 1.473(f0.43)  log P 
from Table XIX - 1.209(f1.31)  


15 0.913 0.261 0.05 MTris buffer; pH 7.4; 
10 dimethyl sulfoxide 


10 0.990 0.089 None given 


8 0.995 0.139 


17 0.994 0.111 


7 0.917 0.361 0.1 MKCl; 3.3 X M 
Tris buffer; pH 6.9; 25" 


6 0.893 0.297 0.05 M Tris buffer; pH.7.4; 
10% dimethyl sulfoxide 


7 0.771 0.630 In water at 25"; pH 7.90 


7 0.984 0.193 
and 0.10 M NaCl 


7 0.984 0.242 25";pH7.60 


7 0.978 0.326 25'; pH 7.60 


3 0 .996 0.020 0.1 MKCl; 3.3 X 10-3M 
Tris buffer; pH 6.9; 25" 


10 0.942 0.379 0.1 MKCI; 3.3 X 10-3M 
Tris buffer; pH 6.9; 25" 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


weight could be placed on this equation and the coeffi- 
cients could be made sharply defined. 


Equations 34 and 35, based on data from Tables 
XVI and XVII, correlate inhibition by two sets of 
phosphonates. In each set, the authors have omitted 
the derivative where R = octyl, since, as with Eq. 13, 
a break occurs at this point. The slopes of Eqs. 34 
and 35 are close to those of the other equations where it 
is expected that binding in the p2 area is occurring. 
From a comparison of the intercepts of Eqs. 34 and 
35, it is clear that the onium compounds are more 
effective, despite the fact that the onium compounds are, 
as a whole, less hydrophobic. It may be that the posi- 
tively charged sulfur aids in binding by interaction with 
an electron-rich species of the p1 area and, in this 
fashion, compensates for the lower hydrophobic 
character. 


The three ketones correlated by Eq. 36 are included 
to show that dependence of inhibitory power on T 
when the p3 area is presumably involved is essentially 
the same as for substrates (Eqs. 14-16). 


The correlation obtained with the hydrocarbons in 
Eq. 37 is not as good as that found by Wildnauer and 
Canady (26) with the molecular area of the inhibitor. 


The slope of Eq. 37 is somewhat higher than those for 
other sets binding in the p2 area. Because of the rather 
large confidence interval on this slope, one cannot be 
sure this difference is real. 


DISCUSSION 


While the sets of data analyzed in this review were by 
no means ideally designed for assaying the relative 
importance of hydrophobic, electronic, and steric effects 
of substituents operating on substrates in the p1, p2, 
and p3 areas of the enzyme, the overall view obtained 
with grossly different molecular species from many 
different laboratories gives a consistent picture. 


Hydrophobic binding in the pz area is defined by the 
slopes of the hydrophobic terms in Eqs. 13, 22, 26, 29, 
31, 34, 35, and 37. The mean and standard deviation 
for the eight values is 1.21 f 0.23. There does not ap- 
pear to be any significant difference for the slopes for the 
substrates and those for the inhibitors. This finding 
supports the idea of a common area and mechanism of 
binding for the two classes of reactants. Inhibition 
viewed in these terms would appear to be simple occupa- 
tion of the binding site by the inhibitor. 
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The data on the p3  area are also gratifyingly uniform. 
Comparable dependence on hydrophobic binding is 
seen in the coefficients with the hydrophobic terms in 
Eqs. 14-16 and 36. The mean and standard deviation 
for these four sets is 0.29 f 0.1. Thus the importance of 
hydrophobic binding in the p3 area is about one-fourth 
that of the pz area. Again, it is seen that substrates and 
inhibitors show the same dependence on T. 


Steric inhibition of binding by the sp2 carbon of the 
carbonyl group can be quite important, as shown by 
Eqs. 15 and 19-21. It is of interest to compare the 
coefficients of E, in Eqs. 15 and 19-21 with those ob- 
tained for the hydrolysis of esters under homogeneous 
conditions. Taft (20) has defined E, as: -. 


log k/ko = 6E8 (Eq. 38) 


where ko refers to the unsubstituted ester and k refers to 
the rate of acidic hydrolysis of a corresponding sub- 
stituted acetate: X-CH2COOR. Taft (20) found a value 
of 6 of 0.30 for the alkaline hydrolysis of acetate esters 


0 
I1 


of the type RCH20CCH,. This compares with the value 
of 0.40 in Eq. 15. Present evidence indicates that the 
geometry of the transition state for acid and alkaline 
hydrolysis of esters is the same, so that one would expect 
the same dependence on 6. In Eqs. 19-21, an average 
value of 6 of 1.5 is found. This compares with the values 
of 1.4, 1.7, and 1.9 found for the methanolysis, n-pro- 
panolysis, and isopropanolysis, respectively, of esters in 
which the R group of RCOz--P-CloH7 was varied (20). 
Methanolysis of I-menthyl esters (RCO2C1oHl6) showed 
a 6 value of 1.7. Thus the serine moiety of chymotrypsin 
seems to make about the same steric demands on sub- 
strates as simple alcohols in homogeneous organic 
reactions. Of course, in Eqs. 19-21, the effect of E, on 
the two constants, K,,, and k2, is being considered; 
while in Eq. 15, it is the effect on K, that is correlated. 
The result with Eq. 15 implies that the formation of ES 
as characterized by K,,, must involve the conversion of 
the sp2 carbon of the ester into an sp3 carbon in the 
ES complex; that is, since the sp2 + sp3 change is 
involved in the homogeneous hydrolysis of esters, and 
since the 6 values are so close for the enzymic and 
homogeneous processes, one would surmise that 
tetrahedral transition states are involved in each case. 
Although the steric effects in Eqs. 19-21 are involved 
with two processes, the result with Eq. 15 suggests that 
the effect of E, may be primarily on K, rather than kp.  


One of the most interesting aspects of this survey is 
the finding that binding in the pz area is characterized 
by T, while that in the p1 area is not well correlated by 
T but correlates with polarizability as defined by PE. 
While such an effect was not anticipated in undertaking 
the analysis, in retrospect it seems quite logical. This 
is the area in which a peptide bond of a protein mole- 
cule is bound. The binding of such a polarizable group 
would be facilitated by a polarizing atmosphere. 


No doubt, better results would be obtained if, in- 
stead of the average polarizability that is embodied in 
molar refractivity, one could employ directional values. 
These values for polarization along the three mutually 


perpendicular directions are at  present known for only 
a relatively few simple species (60). 


It is the authors’ interpretation of the correlation 
data that the area must be polar in character and charge 
interactions aid in holding polarizable groups in this 
area. One cannot completely rule out desolvation of 
the acyl moiety with binding in the area since there is 
some correlation with T ;  however, this would appear to  
be of secondary importance. Inhibitors and substrates 
appear to show the same dependence on PE (compare 
Eqs. 22 and 33). 


One might expect that the p3 area would also be polar 
in character. The low coefficients with K in Eqs. 14-16 
and 36 suggest that it is not lipophilic. Because only 
alkyl groups on the congeners are binding in this area, 
the same quality of correlation is obtained using K or 
PE. The results with Eq. 33 in which P E  gives a better 
correlation than T can be interpreted as in Structure 
X u  to mean that the character of the p3 and p1 areas is 
similar. It would be worthwhile to study a set of con- 
geners binding in this area which has more variance in 
polarizability . 


The partition coefficient of the whole molecule, or 
even a constant fraction of it, may not be the decisive 
feature in the binding process. This is illustrated in the 
recent study by Baker (61) of compounds in Structure 
XI. With the -COO- function in the ortho-position, 
an active series of inhibitors is obtained. Only a two- 
fold loss over that of the parent compound occurred. 
However, placing a -COO- function in the para- 
position of the phenoxyacetones resulted in a huge 
loss in activity. That the binding of the phenoxy moiety 


p3 


O\c,NHC6H5 
I 


H 0-c, 
I 


XI 


in Structure XI occurs in the pn area is supported by 
Eq. 39: 


?t r S 


4 0.993 0.043 (Eq. 39) log Zso = 0.70(f0.25)~ + 2.29(*0.18) 


The slope of Eq. 39 is quite close to that of Eq. 26. 
One finds a constant increase in inhibitory power for 
each unit of hydrophobicity of X. Apparently, in  the 
ortho-position, the -COO- function can remain free 
of the area and retain its solvation shell. In fact, it may 
aid binding by interaction with the polarizing p1 area. 
This may also be true for the molecules correlated by 
Eq. 35. However, when in the 4-position, desolvation 
of the -COO- appears to be necessary for the phenoxy 
ring to move into the area. 


A point that is not completely clear is the break in 
activity which occurs when a certain degree of bulkiness 
or chain length is reached in a set of congeners. This 
has been mentioned in connection with Eqs. 13, 24, 
and 35. Other data are available on this point; how- 
ever, it is not clear whether the break is a function of 
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Table XXII-Relation between Lipophilic Character of Side 
Chain and Change in Character of Binding 


r-Value at 


Compound Occurs Constant ence 
which Break Reaction Refer- 


0 
I 
I 


I 
I 


I 
I 


EtO-P-(CHz),C,H: 


0zNC6H4 
0 


EtOP-(CHz)nCHa 


OzNC6Hn 
0 


EtOP,CH*)nCHzCI 


O?NCeHq 
coo- 


f!x OCOiCH ),,CHI 


a:::iW ),,CHJ 


0 
I 
I 


CH, 
0 
I 


I I 


I 


EtSCHzCHzP-CLR 


E&CH,CH2P-OR CH3S04- 


CHI CHa 
CH,CONHCH--(CHJnCH, 


COOCH, 


3 . 6 3  


3.50 


3.39 


3.50 


3.50 


3.50 


3.50 


2.50 


I 5 0  


Is 0 


l a 0  


Rel. rate 
hydrolysis 


V,,,. 


Ki 


Ki 


K ,  


62 


62 


62 


63 


64 


57 


57 


50 


chain length, hydrophobicity, or total molecular volume 
of the chain. There does seem to be a rather close cor- 
relation between the break in activity and the a-value; 
this is illustrated by the examples in Table XXII. Ex- 
cept for the last example, a close relationship is found 
between the degree of hydrophobic character and the 
break in the activity parameter. This break appears to 
occur at about the same point, regardless of the type 
functional group involved (e.g., phosphate or acetate). 
The break also occurs at the same r-value, whether one 
is considering binding (K, or Ki) or rate of hydrolysis 


or relative rate). This indicates that when a 
lipophilic moiety of sufficient size is present in the sub- 
strate or inhibitor, a decrease in expected activity oc- 
curs in a variety of different processes. This could be 
attributed to a kind of micelle formation' on the enzyme 
of the substrate. While most of the side chains are simple 
alkyl groups, the two examples where a phenyl and a 
chlorine moiety are included in the side chain are well 
in line with the alkyl function, despite the fact that the 
geometry of the phenyl group, its polarizability, etc., 
is quite different from the alkane groups. A recheck of 
Set 8 may be worthwhile since the authors pointed out 
that a break in activity occurred when the a-alkyl group 
contained five carbons but, using a cyclohexylmethyl 


1 The authors are indebted to Professor R. Nelson Smith for a number 
of discussions in which this idea developed. 


function, gives normal activity (see Table I). This was 
taken as evidence that chain length was crucial for the 
area. The other data of Table XXII make this seem un- 
likely. 


Although only a few studies such as the present for 
chymotrypsin have been made on purified enzymes 
(16, IS), some data at hand for comparison indicate 
that other enzymes have hydrophobic pockets which 
show the same relationship between log P and various 
activities. Three such examples are: 


Inhibition of NADH Oxidase Activity by Barbiturates 
(4-5)- 


n r  s 
log Is0 = 1.10710gP + 1.237 6 0.921 0.261 (Eq. 40) 


Inhibition of Adenosine Deaminase by 9-(I-Hydroxy- 
2-alky1)adenines (65)- 


n r  s 
-log (I/S)o.s = 0 . 9 3 2 ~  - 0.483 6 0.987 0.157 (Eq. 41) 


Relative Rate of Hydrolysis of p-Nitrophenyl Esters 
by Serum Esterase (16)- 


log rate = 0.950 log P + 
n r  s 


3.503 E, - 0.469 6 0.976 0.497 (Eq. 42) 


In each of the three examples, enzymic activity shows 
the same dependence on hydrophobic character as de- 
fined by the octanol-water reference system. This sug- 
gests, but by no means is firm evidence, that the enzymic 
hydrophobic sites are quite similar to octanol in terms 
of polarity. This kind of hydrophobic site is quitedifferent 
from that of serum albumin, hemoglobin, or whole 
serum when log P is taken as the reference. In many 
examples of the binding of quite different kinds of 
organic compounds to serum protein or homogenized 
tissue, the coefficient with log P or 7r falls in the range 
0.5-0.7 (17). While different ways are used in expressing 
the binding constants which are not strictly comparable, 
in 24 such examples (18) a mean and standard deviation 
of slope of 0.58 f 0.1 1 were found. 


The importance of having suitable reference stan- 
dards for determining the relationship between apolar 
character and mode of interaction of organic compounds 
with biochemical systems can be further extended. 
Narcosis under proper conditions is a completely re- 
versible process. Simple binding of organic compounds 
to nerve tissue causes narcosis, so that the molar con- 
centration of drug producing a standard narcosis can 
be roughly compared to K, or Ki values from purified 
enzymes. The following equation illustrates the de- 
pendence of such reversible processes on log P.  


Tadpole Narcosis by Miscellaneous Organic Com- 
pounds- 


n r  s 
log 1/C = 0.96 log P + 0.75 44 0.967 0.303 (Eq. 43) 


In 18 such examples, using various organisms, a mean 
slope of 1.10 f 0.14 was found (18). Other processes 
(17, 18) show the same as well as different dependencies 
on log P. Too few examples are available at present to 
draw conclusions of deep significance. 


The present study has successfully pulled together a 
wide variety of data on chymotrypsin substrates and 
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inhibitors. This extrathermodynamic definition of the 
characteristics of the areas of interaction in the enzyme 
is quite consistent, especially when allowance is made 
for the fact that the information comes from a variety 
of different laboratories using different experimental 
techniques with quite a diverse group of organic com- 
pounds. It is hoped that this survey of the structure- 
activity relationship of chymotrypsin will encourage 
others working in this area to design more suitable 
substrates and inhibitors which can be used to define 
the intermolecular interactions more precisely. It seems 
likely that this approach, tested on chymotrypsin, can 
be applied to other enzyme substrate or enzyme 
inhibitor interactions. Also, it seems reasonable to ex- 
pect that nonenzymic sites of drug action can be 
mapped using this approach. 
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Kl with increasing polarity of the lipid phase was not changed. How- 
ever, the data demonstrate a relationship between the surface-to- 
volume ratio and K I .  Thus, with one exception (Cell 11, 10% iso- 
amyl alcohol), the value of K, increased as did the surface-to-volume 
ratio for any one lipid phase employed. Under the same stirring con- 
ditions of the aqueous phases [namely, 300 r.p.m. with 2.54-cm. 
(I-in.) stirring bars] in any one cell, Kz still showed increasing values 
with increasing lipid polarity. There was no rank order correlation 
between the value of K2 for a particular lipid phase and the surface- 
to-volume ratio. 


The effect of stirring conditions in the aqueous phases was then 
investigated. While keeping the surface-to-volume ratio constant at 
0.148, the stirring conditions of the aqueous compartments were 
arbitrarily changed from 300 r.p.m. using 2.54-cm. (]-in.) oblong 
magnetic stirring bars to 400 r.p.m. using 1.27-cm. (0.5-in.) circular 
magnetic stirring bars. The lipid phase was stirred at the same rate of 
60 r.p.m. The data, which were obtained using Cell 11, are presented 
in Table 11. It is readily apparent that the size and revolutions per 
minute of the stirrer did not change the order of the K, values, al- 
though the magnitude of this rate constant was affected. What is 
relevant is that, under the second set of stirring conditions, the order 
of Kz now is reversed, with K2 tending to decrease with increasing 
lipid polarity, as found by Khalil and Martin (I). 


In light of these preliminary results, it would appear that the use 
of the Schulman model cell to correlate in vitro with in oivo absorp- 
tion data could produce misleading results if factors such as the size 
and shape of the stirring bars and the rate of stirring in the various 
compartments are not closely monitored. The authors have also 
found further discrepancies between the Schulman cell and the 
inverted Y-tube apparatus. For example, benzene, when used as the 


lipid phase by Khalil and Martin, appeared to be ideal, because there 
was negligible retention of salicylic acid in this phase over a 24-hr. 
period. However, when benzene was used as the lipid phase in Cell 
11, appreciable retention of salicylic acid by this phase was observed 
over the same time period. 
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Effect of pH of Precipitation on Antacid Properties of Hydrous 
Aluminum Oxide 


STANLEY L. HEM*, EMANUEL J. RUSSO, SURENDRA M. BAHAL, and RALPH S. LEV1 


Abstract The effect of the pH of precipitation on the physical 
and chemical properties of hydrous aluminum oxide prepared by 
the reaction of aluminum chloride and strong ammonia solution 
NF; aluminum sulfate USP, and strong ammonia solution 
NF; and aluminum chloride, sodium bicarbonate USP, and 
sodium carbonate USP, was studied. During aging, changes 
may occur in the hydrous aluminum oxide structure which result 
in a loss in acid reactivity. This loss followed apparent first-order 
kinetics. The rate of loss was directly dependent on the pH of 
precipitation and continued until a constant end-point was reached. 
The percentage of theoretical reactivity remaining at the end-point 
was inversely related to the pH of precipitation. X-ray diffraction 
showed no differences in form, either initially or during aging. 
Gel stability appears to depend on the presence of anions in the 
gel structure. The concentration of these anions is related to the 
pH of precipitation. Data are presented which demonstrate that a 
stable, completely acid-reactive gel would be obtained if 1 mole of a 
monovalent anion such as chloride or bicarbonate or 0.5 mole of 
a bivalent anion such as sulfate is incorporated in the gel structure 
per mole of aluminum. 


Keyphrases 0 Hydrous aluminum oxide-antacid properties, 
preparation pH precipitation effect-hydrous aluminum oxide, 
chemical and physical properties 0 Gel stability-anion concentra- 
tion data, acid reactivity kinetics X-ray diffraction-analysis 


Alumina gel, which can be described chemically as 
hydrous aluminum oxide, is widely used in the manage- 
ment of peptic ulcer and gastric hyperacidity. Several 


factors, such as the precipitation temperature (1, 2), the 
order of addition of the reactants (2), and the concentra- 
tion of the reactants (2,3), have been shown to affect the 
properties of the precipitated gel. Although previous 
authors (4-6) have suggested that the pH of precipita- 
tion influences the crystallinity of the precipitated gel, no 
workers have directly examined the effect of the pH of 
precipitation on the acid reactivity of the gel. Therefore, 
the purpose of the present study was to  examine the 
effect of the pH of precipitation on the antacid proper- 
ties of hydrous aluminum oxide prepared from several 
reactant systems. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. 


Method of Preparation of Hydrous Aluminum Oxide-A series of 
hydrous aluminum oxides, to be referred to as chloride-containing 
gels, were prepared at 25” by the addition of a 13% solution of 
strong ammonia solution NF to an aqueous 8.5% aluminum 
chloride heptahydrate solution. The method of PapCe et al. (4) 
and the conditions described by Lewis and Taylor (2) were followed 
to ensure reproducible precipitations. Sufficient ammonia solution 
was added to control the pH of precipitation. Alumina gels were pre- 
cipitated at pH 4.8, 6.1, 7.7, and 9.2 and washed with deionized 
water until the concentration of the chloride ion in the filtrate, as 
determined by the Volhard method (7), was less than 0.1 %. The 
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Table I-Reactants for Precipitation of Chloride-Containing 
Alumina Gels 


-Reactants- 


Precipitation Washed Gel Washed Gel Washed Gel 


4.8 0.294 0.80 0.144 
6.1 0.294 0.84 0.158 


Moles 
pH of Moles A1C13/1. m 4 O H / l .  Moles AlaOa/l. 


7 . )  
9 . 2  


0.294 
0.294 


0.88 
1.68 


0.129 
0.129 


Table Z[-Reactants for Precipitation of Sulfate-Containing 
Alumina Gels 


7- Reactants - 
Moles Moles 


Precipitation Washed Gel Washed Gel Washed Gel 
pH of Alz(S04)3/1. bJ&OH/l. Moles AlzOa/l. 


4 . 9  
6 . 2  
7 . 9  


0.147 0.88 0.158 
0.147 0.96 0.158 
0.147 1.04 0.158 


9 . 2  0.147 1.49 0.158 


concentrations of the reactants required for 1 I. of washed gel and 
the resultant Al2O3 concentration for each alumina gel are listed 
in Table I. 


A series of hydrous aluminum oxides, to be referred to as sulfate- 
containing gels, were prepared by the reaction of aluminum sulfate 
USP and strong ammonia solution NF. To ensure reproducible 
precipitations, the conditions described by Lewis and Taylor (2) 
were followed. Alumina gels were precipitated at 25' by the addition 
of a 13 solution of strong ammonia solution NF to an aqueous 
12 aluminum sulfate USP solution. Sufficient ammonia solu- 
tion was added to control the pH of precipitation. Alumina gels 
were precipitated at pH 4.9, 6.2, 7.9, and 9.2 and washed with 
deionized water until the concentration of sulfate ion in the filtrate, 
as determined by the USP gravimetric method (8), was less than 
0.1 %. The concentrations of reactants required for 1 1. of washed 
gel and the resultant Alp@ concentration for each alumina gel are 
listed in Table 11. 


A series of hydrous aluminum oxides, to be referred to as bicar- 
bonate-containing gels, were prepared by the reaction of aluminum 
chloride, sodium carbonate USP, and sodium bicarbonate USP. 
The alumina gels were precipitated at 25" following the conditions 
of Lewis and Taylor (2). An aqueous 11.4z solution of aluminum 
chloride heptahydrate was added to an aqueous solution contain- 
ing 2.8% sodium carbonate USP and 4.5% sodium bicarbonate 
USP. Sufficient aluminum chloride solution or sodium carbonate 
USP, and sodium bicarbonate USP, solution was added to control 
the pH of precipitation. Alumina gels were precipitated at pH 4.8, 
6.5, and 8.0 and washed with deionized water until the concentra- 
tion of chloride ion in the filtrate, as determined by the Volhard 
method (7), was less than 0.1 %. The concentrations of reactants 
required for 1 1. of washed gel and the resultant AlzOa concentration 
for each alumina gel in this series are listed in Table 111. 


Methods of Studying Various Properties of Alumina Gels-The 
antacid property of each alumina gel was determined by its acid- 
consuming capacity. The precision of the USP acid-consuming 


Table 111-Reactants for Precipitation of 
Bicarbonate-Containing Alumina Gels 


Reactants 
Moles of Moles Moles Moles 


pH of AICla/l. NazC03/l. NaHC03/1. Al2O3/1. 
Precipita- Washed Washed Washed Washed 


tion Gel Gel Gel Gel 
~ ~ 


4.8  0.864 0.538 1.260 0.386 
6 . 5  0.755 0.570 1.336 0.376 
8 . 0  0.755 0.856 2.012 0.376 


35 30 25 20 15 10 5 
ze DEGREES 


Figure 1-Initial X-ray diffraction pattern of the chloride-containing 
alumina gelprecipitated at p H  7,7. 


capacity test (9) was improved by titrating to pH 3.5 rather than 
using bromophenol blue T.S., as given in the USP. 


The theoretical acid-consuming capacity of each alumina gel 
is based on the stoichiometric reaction of the aluminum oxide in 
the alumina gel and 0.1 N HCl. The antacid property of the aged 
alumina gel is given as a percentage of the theoretical acid-con- 
suming capacity. 


The X-ray diffraction pattern of each alumina gel was determined 
in the colloidal state by irradiating a sample in dialyzer tubing. 


The Ah03 content of each washed alumina gel was determined 
by the ethylenediaminetetraacetic acid titration (10). 


The concentration of chloride ion was determined by the Volhard 
method (7). Total chloride was determined by dissolving the gel in 
nitric acid and assaying for the chloride ion as described. The 
amount found in the filtrate and the amount which could be eluted 
with deionized distilled water from an equal quantity of untreated 
gel were determined. The difference was regarded as representing 
the chloride content of the gel structure. 


The concentration of sulfate ion in the gel structure was deter- 
mined by the USP gravimetric method (8). The total sulfate in the 
alumina gel was determined by dissolving the alumina gel in nitric 
acid prior to sulfate assay. The amount found in the filtrate and 
the amount which could be eluted with deionized distilled water 
fromlan equal quantity of alumina gel was also determined. The 


I I 1 I I 1 
10 20 30 40 50 60 


DAYS AT 25' 


Figure 2-Change in acid reactivity during aging of the chloride- 
containing alumina gel precipitated at pH 6.1. 
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Table IV-Effect of Aging at 25' on the Acid Reactivity of Chloride-Containing Alumina Gels Precipitated at Various pH Conditions 


pH of % of Theoretical Acid-Consuming Capacity after Storage at 25' for 
Precipitation 1 Day 2 Days 7 Days 1 Month 2 Months 6 Months 1 Year 2 Years 


4 . 8  
6.1 
7 .7  
9 . 2  


85 - - 8 2 . 5  - 7s 70 70 _-  
- 91.5 87 75 


37 - - 59 
66 
27 


. -  
50 
25 


. _  
50 
25 


.. 


50 
25 


27.5 24.3 20 10 - 10 9 10 


difference was regarded as representing the sulfate content of the 
gel structure. 


The amount of COz which was evolved from the gel structure was 
determined by the gasometric determination of carbon dioxide (1 1). 
A volume of gel was filtered and washed with previously boiled 
deionized distilled water. The COz which resulted from the addition 
of hydrochloric acid USP to the retained solids was taken as the 
COP evolved from the gel structure. 


RESULTS AND DISCUSSION 


Chloride-Containing Alumina Gels-When initially precipitated, 
all the chloride-containing alumina gels were colloidal when 
examined by optical microscope and amorphous when examined by 
X-ray diffraction. Figure 1 shows a typical X-ray diffraction pat- 
tern. The broad, diffuse band is typical of scattering by amorphous 
material. The other gels in this series had similar diffraction pat- 
terns, indicating that form is independent of the pH of precipitation. 


All the alumina gels studied showed a decrease in acid reactivity 
upon aging at 25" until they reached a constant end-point acid 
reactivity (Table IV). The data of Table IV were used to  construct 
linear plots from which rate constants were calculated. Figure 2 
shows the plot for the gel precipitated at pH 6.1. Each plotted point 
represents the logarithm of the difference between the reactivity 
observed at some point in aging (Robserved) and that observed at the 
end-point (Rend-point). The plots for all gels were linear, indicating 
that the loss of acid reactivity follows apparent fist-order kinetics. 


The rate of loss of acid reactivity is directly dependent upon the 
pH of precipitation (Fig. 3). Alumina gels which were precipitated 
at a relatively high pH showed high rates of loss of reactivity. For 
example, the alumina gel precipitated at pH 9.2 lost reactivity 20 
times faster at 25" than the one precipitated at pH 4.8. 


The end-point acid reactivity is inversely related to the pH of 
precipitation (Fig. 4). For example, the gel precipitated at pH 9.2 
had an end-point reactivity of only 10% of theory, while the gel 
precipitated at pH 4.8 was 70% reactive at its end-point. 


The end-point acid reactivity does not appear to be a function 
of the aging temperature, although the rate of loss of activity in- 
creases with increasing temperature. The alumina gel precipitated 
at pH 4.8 reached the same end-point reactivity of 70% of theory 


200 r 


100 ~ - -  c / 


2.0 
4 5 6 7 8 9 10 


pH OF PRECIPITATION 


Figure &Effect ofpH of precipitation of chloride-containing alumina 
gels on the rate of change of acid reactivity at 25 '. 


whether aged at 25 or 35", but it reached it sooner at 35" than at 
25 '. 


The losses in acid reactivity observed in these studies appear 
irreversible. Samples of an alumina gel, which had been precipitated 
at pH 7.7 and had reached its end-point reactivity of 25 of theory, 
did not regain any reactivity when adjusted to pH 5.5 or 4.5 with 
0.1 N HCl and aged for 1 month at 25". 


The changes in acid reactivity on aging do not appear to be due 
to crystallization, since all the end point alumina gels were found 
to be colloidal by optical microscopy and amorphous by X-ray 
diffraction. 


A probable explanation for the effect of pH on the acid reactivity 
of these gels lies in the effect of chloride ion in stabilizing the gel 


80 


t 70 


5 
2 
d 60 
0 


~~ 


4 5 6 7 a 9 10 
pH OF PRECIPITATION OF ALUMINA GEL 


Figure &Effect ofpH ofprecipitation of chloride-containing alumina 
gels on the end-point acid reactivity. 


5 6 7 8 9 
pH OF PRECIPITATION 


Figure 5-Effect of pH of precipitation on the concentration of 
chloride ions in the chloride-containing alumina gels. 
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Figure 6-Effect of chloride ion concentration on the end-point acid 
reactivity. 


structure. A varying concentration of chloride ion was found in 
the gel structure depending on the pH of precipitation (Fig. 5). 
The concentration did not change during the aging of these gels. 
A high chloride ion concentration appears to favor stability (Fig. 
6). For example, the gel precipitated at pH 4.8, which retained 70% 
of its theoretical acid-consuming capacity at its end-point, had a 
high chloride ion concentration, while the alumina gel precipitated 
at pH 9.2, which lost virtually all its acid reactivity after 1 month 
at 25", had little chloride ion in its gel structure. Figure 6 also 
indicates by extrapolation that a stable 100% acid-reactive gel 
would be obtained if 1 mole of chloride ion were present in the 
gel structure for every mole of aluminum. Unfortunately, this ideal 
gel cannot be produced from this system due to the solubility of 
the gel at a low pH. 


Sulfate-Containing Alumina Gels-This series of alumina gels 
when initially precipitated were colloidal when examined by optical 
microscope and amorphous when examined by X-ray diffraction. 
The X-ray diffraction pattern was similar to that obtained for the 
chloride-containing gels (Fig. 1). 


All the sulfate-containing gels studied showed a decrease in acid 
reactivity upon aging at 25" until a constant reactivity was reached. 
This behavior is similar to that observed for the series of chloride- 
containing gels. The rate of loss of acid reactivity is directly de- 
pendent on the pH of precipitation (Fig. 7). 


The end-point reactivity is related to the pH of precipitation 
through an inverse linear relationship (Fig. 8). The changes in 


2.0 1 I 


4 5 6 7 8 9 10 


Figure 7-Effect of pH of precipitation of sulfate-containing ahmina 
gels on the rate ofchange of acid reactivity at 25". 
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Figure (I-Effect of pH of precipitation of sulfate-containing alumina 
gels on the end-point acid reactivity. 


acid reactivity on aging do not appear to be due to crystallization, 
since all the sulfate-containing gels at their end point were found 
to be colloidal when observed by optical microscope and amor- 
phous by X-ray diffraction. 


A varying concentration of sulfate ion was found in the gel 
structure, depending on the pH of precipitation (Fig. 9). As was 
noted for the chloride-containing gels, a high concentration of sulfate 
ion in the gel structure favors gel stability (Fig. 10). It is predicted 
from Fig. 10 that a stable, 100% acid-reactive gel would be ob- 
tained if 0.5 mole of sulfate ion was present per mole of aluminum. 


Bicarbonate-Containing Alumina Gels-The alumina gels pre- 
cipitated at pH 4.8, 6.5, and 8.0 by the reaction of aluminum chlo- 
ride, sodium carbonate USP, and sodium bicarbonate USP, were 
colloidal and amorphous, similar to Fig. 1,  when initially precipi- 
tated. 


The bicarbonate-containing gels precipitated at pH 6.5 and 8.0 
retained complete acid reactivity when stored for 2 years at 25" 
(Table V). The gel precipitated at pH 4.8 reached an end-point 
reactivity of 85% of theory. All the gels remained colloidal and 
amorphous during aging. Less than 0.03 mole of chloride ion per 
mole of aluminum was found in these gels. However, 1.01 and 1.07 
moles of COz per mole of aluminum were evolved when the gels pre- 
cipitated at pH 8.0 and 6.5 were dissolved in hydrochloric acid 
USP. The gel precipitated at pH 4.8 evolved 0.72 mole of COZ 
per mole of aluminum. In the pH range of 4.8 to 8.0, bicarbonate ion 
would be the source of the evolved COZ. Thus a stable, 100% 
acid-reactive gel was obtained when 1 mole of bicarbonate ion was 
present in the gel structure for every mole of aluminum. In this 
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Figure 9-Effect ofpH ofprecipitation on the concentration of sulfate 
ions in the sulfate-containing alumina gels. 


320 0 Journal of Pharmaceutical Sciences 







0.5 


0.4 


c + + 
0.3 


W J 


0 
I -. 
6 


0.2 
v) 
W 
-1 
0 
I 


0.1 


100 80 60 40 20 0 
% OF THEORETICAL ACID-CONSUMING CAPACITY AT END-POINT 


Figure 1CEffec t  of surfate ion concentration on the end-point acid 
reactivity. 


system the optimum concentration of bicarbonate ion was in- 
corporated into the gel structure when the pH of the reaction mix- 
ture was 6.5 to 8.0. Effervescence occurred when the pH of the 
reaction mixture was below pH 5.5. Thus COZ was driven from the 
reaction mixture of the gel precipitated at pH 4.8, which resulted 
in a lower bicarbonate concentration in the gel structure. 


It is concluded that the chloride-, sulfate-, and bicarbonate-con- 
taining gels studied may be in a highly unstable form when initially 
precipitated. The degree of instability is a function of the pH of 
precipitation. During aging, changes may occur in the gel structure 
which result in a loss in acid reactivity. Anions such as chloride, 
sulfate, and bicarbonate present in the reaction mixture are in- 
corporated into the gel structure and act to stabilize the gel. A 
stable, completely reactive gel is expected if 1 mole of a monovalent 
anion such as chloride or bicarbonate or 0.5 mole of a bivalent 
anion such as sulfate is present in the gel structure per mole of 
aluminum. 


SUMMARY 


Hydrous aluminum oxide prepared by the reaction of aluminum 
chloride and strong ammonia solution NF; aluminum sulfate 
USP and strong ammonia solution NF; and aluminum chloride, 
sodium bicarbonate USP, and sodium carbonate USP, may ex- 
hibit an apparent first-order decrease in acid reactivity upon aging 
until a constant end-point is reached. The rate of loss of reactivity 
and the end-point reactivity are related to the pH of precipitation. 
The end-point reactivity is independent of storage temperature and 
was found to be irreversible. According to X-ray diffraction, these 


Table V-Effect of Aging at 25” on the Acid Reactivity of 
Bicarbonate-Containing Alumina Gels Precipitated at Various 
pH Conditions 


pH of Moles COz of Theoretical Acid-Consuming 
Precipita- Evolved/ Capacity after Storage at 25’ for 


tion Mole A1+++ Initial 30 Days 2 Years 


4.8 0.72 100 85 85 
6.5 1.07 100 100 100 
8.0 1.01 100 100 100 


changes are not related to changes in form. It is concluded that 
anions present in the reaction mixture are incorporated into the gel 
structure, depending on the pH of precipitation, and act to stabilize 
the gel. A stable, completely acid-reactive gel is obtained if 1 mole 
of a monovalent anion such as chloride or bicarbonate or 0.5 mole 
of a bivalent anion such as sulfate is incorporated in the gel struc- 
ture per mole of aluminum. 
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Muscarinic Agents: The Isomeric 
6-Acetox y -2-met hy lisoquinuclidine Met hiodides 


WENDEL L. NELSON and RAYMOND S. WILSON* 


Abstract 0 Preparation of 6-end0 and 6-exo-acetoxy-2-methyliso- 
quinuclidine methiodides are described. Muscarinic assay data are 
reported. Neither of the compounds showed activity when com- 
pared to acetylcholine and 3-acetoxyquinuclidine methiodide. 


Keyphrases 6-Acetoxy-2-methylisoquinuclidine methiodides- 
synthesis Pharmacological screening-6-acetoxy-2-methyliso- 
quinuclidine methiodides C IR spectrophotometry-identity, 
structure 0 NMR spectroscopy-structure 


Hypotheses delineating the architectural features of 
cholinergic receptors have been based on observations 
of pharmacological activity of various substituted 
derivatives of the neurohormone, acetylcholine. Dif- 
ferences in the activity of these analogs of acetylcholine 
have long been explained on the basis of molecular 
steric and electronic effects in the drug-receptor inter- 
action (1, 2 ) .  Spectral data concerned with conforma- 
tional aspects of acetylcholine have also been studied 
and developed in recent attempts to  describe receptor 
site architecture (3-7). 


In further studies to determine the conformational 
requirements of the drug-receptor complex, in which the 
authors’ assume a large degree of complementarity of the 
drug and receptor in this interaction, a number ofconfor- 
mationally rigid or semirigid analogs of acetylcholine 
have been prepared (8-13). Each, although incorporat- 
ing the essential features for cholinergic activity, also 
inherently must be constructed of an additional number 


CH 
I 


i‘ --N-CHI 
I 


I- CHI 
I.A. X, = H. X L  = OAc 


11.4. X, = 0.4c, X L  = H 


CH 4 


VIII 


of carbons to  maintain the desired conformational 
rigidity. Comparison of activities of agents structurally 
similar to  each other seems valid. 


PREPARATION OF .4NALOGS 


In a program of preparation of agents to further determine the 
geometric requirements of the muscarinic agents, it was decided to 
prepare cholinergic analogs in the isoquinuclidine system in which 


98 0 Journal of Pharmaceutical Sciences 







the quaternary ammonium head is held in a fixed position by the 
carbocyclic skeleton. The compounds, 6-endu- and 6-exo-acetoxy-2- 
methylisoquinuclidine methiodides,' I and 11, represent anti and 
gauche conformations of acetylcholine, IA and IIA, respectively, in a 
fused system. 


Preparation of I was accomplished beginning with methyl 
3-cyclohexencarboxylate (111) (Scheme I). Epoxidation of 111 with 
m-chloroperbenzoic acid produced epoxide IV. The authors could 
not detect the presence of more than a single epoxide, which has been 
assigned the tram stereochemistry by Henbest (14). It would not be 
unusual to expect both epoxides, which may be both dependent on 
solvent and oxidizing agent (15). 


The epoxide (IV) was allowed to react with methylamine, with the 
expected trans-diaxial opening by this nucleophile. The reaction 
mixture was heated at reflux to effect ring closure to the isoquinu- 
clidone, V, as well as dimeric and polymeric products. Similar 
opening of this epoxide has been reported by Huffman (15), who 
readily sublimed a quinuclidone from the mixture when benzyl- 
amine was used. In this case. only a sticky glass was obtained, and 
the sublimation failed. Crude V was acetylated to produce VI, 6- 
endo-acetoxy-2-met hyl-3-isoquinuclidone. 


Lithium aluminum hydride reduction of VI provided VII. Con- 
siderable losses were encountered in this reduction, probably due to 
the water solubility of the product. The crude amino alcohol was 
acetylated and then was allowed to react with methyl iodide to 
afford I. 


111 
I I  


IV 


VI 


1 A c O  


2 CH,I  
&-CHj A I 


VII 
Sclietne I 


During the early part of the work on I, a method appeared for the 
preparation of I1 from the Diels-Alder adduct of 1,3-~yclohexadiene 
and N-methylidene-urethan (16). This method obviated the intended 
conversion of VII to an intermediate ketone useful to reach 11. 


Of interest is the difference in NMR spectra of I and 11. Whereas 
the spectrum of I shows magnetic equivalence of the N-methyl 
groups at 3.28 6, two different signals are observed for the methyl 
groups in I1 at 3.26 and 3.35 6, respectively. This difference reflects 
the long range effect of the acetoxy group (uide infra), although it is 
not possible to assign it a shielding or deshielding effect in this 
case, although the latter is most probable. 


The best models available are ZP-substituted steroids (effects on 
the C-19 methyl group) and 17P-substituted compounds (effects on 
the C-18 methyl groups) (17, 18). Deshielding effects of the acetoxy 
group are noted in each case. However, the geometry of the iso- 
quinuclidine ring is not completely analogous. 


PHARMACOLOGICAL TESTING 


The isoquinuclidines, I and 11, as racemates, were tested for 
muscarinic activity in rabbit ileum. Neither of the cornpounds 
showed activity at concentrations up to 10P M. Acetylcholine 
showed half maximal activity at 1 X lo-' M(pD2 = 7, a = 1.0). 


1 An exo substituent is defined as one which is cis to the nitrogen con- 
taining bridge to the isoquinuclidine ring, and an endo substituent is 
frans to the bridge. 


For comparison, a structurally related compound, 3-acetoxy- 
quinuclidjne methiodide VIII was also tested in this system. This 
compound showed a dose-response curve parallel to that of acetyl- 
choline, and a pD2 of 4.2, a = 1.0. Similar results have been re- 
ported (19). 


Two rational explanations may be advanced for the lack of activ- 
ity in the isoquinuclidines. The conformations of acetylcholine, 
which these compounds represent, may not be those in the drug- 
receptor complex at the muscarinic site. A more valid possibility is 
that the carbocyclic skeleton present in these compounds may pre- 
vent either of the compounds from forming a drug-receptor complex 
leading to pharmacological action. The observed lack of activity 
may be due to this hydrocarbon portion of the molecules, which 
may interact with hydrophobic regions outside the site, or prevent 
interaction of the quaternary ammonium head and acetoxy moieties. 


Examination of Dreiding models of I1 shows a great deal of steric 
hindrance about the acetoxy group, to one of the N-methyl groups. 
The NMR spectrum supports some type of interaction between these 
groups, at least an electronic effect. Additionally, each of these com- 
pounds can be analyzed as an a#-di-alkyl-substituted acetylcholine, 
with both an isopropyl and neopentyl group attached to nitrogen. 
One of these factors, or both, may be responsible for the lack of 
pharmacological activity. 


EXPERIMENTAL 


Melting points were determined on a calibrated Thomas-Hoover 
Unimelt and are corrected. IR spectra were recorded on Beckman 
IR-8 and IR-20 spectrophotometers. NMR spectra were determined 
with Varian Associates A-60 and T-60 spectrometers using tetra- 
methylsilane as an internal standard in organic solvents and di- 
methylsilapentanoic acid sodium salt in aqueous solution. Elemental 
analyses were conducted by Drs. G. Weiler and F. B. Straws, Ox- 
ford, England. 
3-Carbomethoxy-7-oxabicyclo[4.l.O]heptane ( I V t T o  a cooled 


solution (0') of 137 g. (0.98 mole) of methyl 3-cyclohexencarboxylate 
in 200 ml. of CHC13 was slowly added a CHCla solution of 180 g. 
(1.02 moles) of m-chloroperbenzoic acid. After the addition, the 
mixture was stirred at room temperature for 2 hr. then worked with 
5 aqueous sodium sulfite solution, 5 aqueous sodium hydroxide 
solution, water, and dried (MgS04). Evaporation of the CHC13 
afforded a colorless oil, identical in IR spectral qualities with those 
reported by Henbest (14). 
6-endo-Acetoxy-2-methyl-3-isoquinuclidine (V1)-To a cooled 


(0") solution of 93.0 g. (0.60 mole) of crude epoxide, IV, in 200 ml. of 
CH,OH was slowly added 77.5 g. (1.00 mole) of 40% aqueous 
methylamine. The mixture was allowed to stand at room tempera- 
ture for 3 days, heated to reflux for 1 hr., then evaporated in ~aci io  to 
remove solvents and excess methylamine. The crude amino alcohol 
was refluxed for 3 hr. to effect ring closure to lactam VI. The residue, 
87.0 g. of a viscous glass, resisted all attempts at sublimation, a 
technique that had been successful in similar compounds (15). The 
IR spectrum showed both ester (5.80 p )  and amide (6.10 p) carbonyl 
bands. 


The crude mixture (87.0 g., 0.40 mole) was dissolved in 86.4 g. 
(1.10moles) of pyridine and 110.7 g. (1.10 moles) of acetic anhydride 
was added. The solution was refluxed for 2 hr.; excess pyridine, 
acetic anhydride, and acetic acid were removed utilizing a water 
aspirator. Aqueous 2z HCI was added and after 1 hr. the mixture 
was extracted with EtOAc. The EtOAc layer was dried (MgS04) 
and solvent evaporated. The residue oil, was distilled, b.p. 110" 
(1.0 mm.) affording 31.5 g. (17% of theory) of VJ ;  IR (neat), 3.02, 
3.41, 5.82, 6.05, 6.96, 7.19, 7.33, 8.12, 8.55, 8.79, 9.53, 9.80, 11.0, 
12.15~;NMR6(CDC13),5.10(sextet,Hs,J~.i --.J,.5-4c.p.s.,J,.,' 
= 10 c.P.s.), 3.75 (multiplet, HI proton, Wtl = 8 c.p.s.)> 3.05 (ringlet, 


0 
! 


N-CH3 proton), 2.18 (singlet, CH,-C--), I .6-2.7 (multiplet, 
seven protons, methylene-methine envelope). 


6-endo-Acetox y-2-methylisoquinuclidine Methiodide (1)-A solu- 
tion of isoquinuclidone VI, 29.9 g. (0.165 mole) in 100 ml. of an- 
hydrous ether was added dropwise to a slurry of 12.0 g. (0.316 
mole) of lithium aluminum hydride in 150 ml. of ether. After the 
addition, the mixture was refluxed for 4 hr. Excess lithium aluminum 
hydride was destroyed with a 40z aqueous solution of Rochelle 
salt. The mixture was filtered (Celite), dried, and the solvent re- 
moved, The crude product was partitioned between ethyl acetate 
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and 5 %  aqueous hydrochloric acid. The acidic solution was made 
alkaline with 20% aqueous NaOH and extracted with EtOAc, which 
was dried, and solvent removed affording crude VII, 6.5 g. (22 %) as a 
dark orange oil; IR (neat), 3.05 (broad), 3.47, 6.12, 6.58, 6.98, 8.65, 
8.83,9.38,9.88,10.55, 11.05, and 12.21 p. 


A mixture ofcrude VII, 1.5 g. (11 mmoles), and 1.Og. (10mmoles) 
of acetic anhydride was refluxed for 1 hr. and then allowed to stand 
overnight at room temperature. Sufficient 10% aqueous NaOH was 
added to make the mixture alkaline, and the ester extracted with 
ether. The crude ester was partitioned between ether and aqueous 
acid again, the acidic solution neutralized, and the basic ester iso- 
lated, 500 mg (30z); IR (neat), 2.91, 3.42, 5.78, 6.13, 6.96, 7.10, 
7.32,8.09,8.60,8.79,9.29,and9.65~. 


To a solution of 500 mg. (3.0 mmoles) of the crude acetate ester of 
amino alcohol VII in 10 ml. of methanol was added 10 ml. of methyl 
iodide and the mixture allowed to stand overnight. The solvent and 
excess methyl iodide were removed, the solution was decolorized 
(Norite) in methanol, and crystallized twice from methanol-ethyl 
acetate affording 300 mg. (53%) of colorless crystals, m.p. 165- 
165.5”; IR (KBr) 3.29, 3.36, 5.73, 6.79, 6.88, 7.69, 8.02, 8.64, 9.30, 
9.55,9.63, 10.49, 10.77, and 11.03 p ;  NMR (D,O) 6, 5.48 (sextet, Hs 
proton, J6,1 N J6.5 = 4 c.P.s., J6.5’ = 10 c.P.s.); 3.60 (broadened 
quartet, HI, - 3 c.P.s.), 4.45 (broadened singlet, CH, protons), 


3.28 [singlet, N(CH&], 2.12 (singlet, CH3-C-), 1.26-3.0 (multi- 
plet, seven protons, methylene-methine envelope). . 


Anal.-Calcd. for CllHzeINO: C, 40.60; H, 6.15; N, 4.31. Found: 
C, 40.67; H, 6.02; N, 4.21. 
6-exo-Acetoxy-2-methylisoquinuclidine Methiodide (n)-This 


compound was prepared by the method of DeGraw and Kennedy 
(16). 


3Acetoxyquinuclidine Methiodide (VII1)-This compound was 
prepared by the method of Grob (20, 21) from 3-hydroxyquinu- 
clidine. 


0 + I1 
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Riboflavin Distribution and Elimination in Two Functionally 
Anephric Human Patients 
WILLIAM J. JUSKO*, JACK R. LEONARDS‘F, and GERHARD LEVY*$ 


Abstract 0 Pharmacokinetic studies in normal human subjects 
have suggested that probenecid modifies appreciably the distribu- 
tion in the body of riboflavin and certain drugs. To exclude the 
effects of probenecid on renal excretion, thedistribution and elimina- 
tion of riboflavin with and without probenecid were studied in two 
functionally anephric patients during hemodialysis. A pharmaco- 
kinetic analysis of the time course of plasma levels of the vitamin, 
based on a two-compartment open model, indicates no appreciable 
effect of probenecid on the distribution and transfer rate constants 
of riboflavin. Riboflavin was eliminated more slowly by hemodi- 
alysis of the patients than by renal excretion in normal subjects. 
The rate of removal of riboflavin by hemodialysis appears to be 
primarily a function of the rate of blood flow through the dialyzer. 


Keyphrases 0 Riboflavin distribution, elimination-anephric 
patients 0 Anephric condition-riboflavin distribution, elimina- 
tion 0 Probenecid effect-riboflavin distribution, elimination 0 
Hemodialysis-riboflavin elimination 


The possible effect of probenecid on the distribution 
of various compounds in the body has been of recent 
interest. Gibaldi et al. (1, 2) have shown in studies with 
penicillins that, in addition to the well-known inhibitory 
effect on the renal excretion of this antibiotic, probenecid 
also seems to increase significantly the fraction of drug 
in the apparent body compartment from which elimina- 
tion occurs. The results of recent studies in this lab- 
oratory suggest that probenecid affects also the distri- 
bution of riboflavin in the body (3). Since riboflavin is 
eliminated primarily by renal excretion, it was of interest 
to pursue further studies in functionally anephric pa- 
tients in order to exclude the primary renal effect of 
probenecid. These studies were carried out during the 
course of hemodialysis of the anephric patients and may 
also be of nutritional interest since it has been suggested 
that vitamin deficiencies could develop due to  the re- 
moval of water-soluble vitamins by dialysis (4). 


EXPERIMENTAL 


Two functionally anephricl male human patients, who were under- 
going hemodiatysis, served as test subjects. Subject S, age 30, with 
chronic membranous glomerulonephritis, and Subject K, age 34, 
with collagen disease, were maintained on a Kiil and a Skeggs- 
Leonards dialyzer, respectively. Both systems involved dialysate 
flow of approximately 580 ml./min. and blood flow of about 270 
ml./min. Hematocrit values of each subject ranged from 0.22 to 
0.24, and the plasma albumin concentration was about 3.2 g. 
in each subject. 


An intravenous dose of 38.9 mg. riboflavin as riboflavin-5‘- 
phosphate2 was administered 3 to 5 hr. after the start of hemodialy- 
sis. One gram of probenecidz in aqueous suspension was given orally, 
in crossover fashion, 1.5 to 2.0 br. prior to riboflavin. Blood samples 
were collected proximal to the arterial shunt 0.5 hr. before and at 
0.25, 0.5, 1.0, 2.0, 3.0, 4.0, and 6.0 hr. after injection of riboflavin. 
Studies in each patient were separated by a 7-day interval. 


1 Less than 3 Z of normal renal function. 
2 Hyrye Injection, S.F. Durst Co., Philadelphia, Pa. 
3 Benemid, Merck Sharp and Dohme, West Point, Pa. 
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Figure I-Time course of total riboflavin (@) plasma concentrations 
in an anephric subject (S )  ufter intravenous injection of 38.9 mg. 
ribofluoin as ribofluvin-5‘-phosphute (FMN). Also shown for com- 
parative purposes are riboflavin serum levels in a normal subject 
(0), 85 kg., who received an i.v. dose of 31 mg. riboflavin as FMN; 
and (o), probenecid plasma concentrations in the anephric patient 
after oral administration of 1 g.  probenecidat - 2  hr. 


Total riboflavin (5) and probenecid (6) concentrations in plasma 
were determined by methods described previously. N o  mutual inter- 
ference in the analyses of the two compounds was found (3). 
Plasma concentrations were corrected for blank values of samples 
obtained prior to the administration of either drug. 


RESULTS 


The time course of total riboflavin and probenecid plasma con- 
centrations in Subject S are shown in Fig. 1. Also depicted for 
purposes of comparison are riboflavin plasma concentrations ob- 
tained in a normal subject. The plasma concentrations of riboflavin 
(C,) as a function of time ( I )  in the anephric subjects were fitted to 
a biexponential equation : 


C, = A-expf-at) + B.exp(-@t) (Eq. 1 )  


using the “NLIN” digital computer program of Marquardt (7). 
The distribution (k12, kzl) and elimination (k,i) rate constants of the 
typical two-compartment open model (elimination occurring from 
the central compartment) were obtained from the parameters A ,  
[Y, B, and 0 as described by Rescigno and Segre (8). The apparent 
volume of the central compartment (V,) was calculated from: 


V, = dose/(d + B )  (Eq. 2) 


and an additional “volume” parameter, (V&, was determined 
from: 


( V ~ ) P  = Vc.kel/P (Eq. 3) 


as described by Gibaldi et al. (9). The body clearance (Clb) of the 
vitamin was calculated from: 


c f b  = k,i. v, (Eq. 4) 


All of the parameters and rate constants described, which 
were obtained from riboflavin plasma levels in the presence and 







Table I-Pharmacokinetic Parameters” of Riboflavin Distribution 
and Elimination in Anephric Subjects in the Presence and 
Absence of Probenecid 


~~ _-- Subjectb---- 
S K - ~ ~ -  Probenecid: g.---- 


0 1 0 1 


Parameter 
A, mcg./ml. 
B, mcg./ml. 
a, hr.-l 
@, hr.-l 


CDd 
klz, hr.-l 
kz l ,  hr.-1 
k,r, hr.-l 
v c ,  1. 
V,, percent of 


body weight 
v<rl-p, 1. 
Vd-0, percent of 


body weight 
c / b ,  ml./min. 


1.52 
1 . 1 3  
3.39 
0.275 
0.9999 
1.48 
1.60 
0.581 


14.7 


26.1 
3 1 . 1  


55.5 
142 


1.88 
0.971 
4.81 
0.211 
0.9997 
2.67 
1.78 
0.571 


13.6 


24.2 
36.7 


65.5 
129 


1 . 3 8  
0.740 
2.92 
0.0534 
0.9988 
1.77 
1.05 
0.148 


18.3 


25.1 
50.8 


69.6 
45 


1.23 
0.757 
2.34 
0.142 
0.9990 
1.16 
0.978 
0.339 


19.5 


26.7 
46.5 


63.7 
110 


* Symbols are defined in the text. b Body weights: S, 56 kg.; K, 73 kg. 
c Plasma concentration range of probenecid: Subject S:  2.47 to  0.95 
mg. %; Subject K :  3.96 to 1.22 mg. %. d Coefficient of determination: 
(Zobs.2 - Zde~.2)/Zobs.q 


absence of probenecid, are listed in Table I. The coefficient of de- 
termination ( C D )  for each of the four sets of data is close to unity, 
indicative of the excellent fit of the experimental data to the curve 
calculated from Eq. 1 .  


It was also of interest to determine if blood flow through the 
dialyzer or diffusion of riboflavin across the dialysis membrane may 
be rate limiting in the elimination of the vitamin by hemodialysis. 
The effective plasma flow rate (QE) through the dialyzer can be 
calculated from the relationship : 


where Q is the actual blood flow rate (about 270 ml./min.), HCT 
is the hematocrit (0.23), and F, is the fraction of nonprotein- 
bound vitamin in the plasma. The value of the latter was calculated 
to be about 0.5 based on the actual albumin concentration in the 
plasma (3.2 g. %) and the previously determined (10) association 
constants of the vitamin with human albumin. The effective plasma 
flow rate thus estimated from Eq. 5 is about 110 ml./min., which is 
quite similar to the body clearance values observed in three of the 
four studies in the anephric patients (Table I). It was not possible to 
determine dialysance directly due to the very rapid rate of flow of 
the dialysis fluid (580 ml./min.) which resulted in such extensive 
dilution of riboflavin, making its determination in the dialysis fluid 
impossible. 


DISCUSSION 


The distribution parameters V,  and (Vd)@ are very similar in all 
four tests when expressed as a percent of body weight (Table I). 
Probenecid, therefore, had no apparent effect on the distribution 
of riboflavin in the body under the experimental conditions. The 
rate constants klz and kP1 were somewhat more variable but also 
showed no consistent differences as a function of probenecid ad- 
ministration. It may be concluded, therefore, that the apparent 
effect of probenecid on riboflavin distribution in a normal subject 
(3) is probably an indirect result of its effect on the renal excretion 
of the vitamin. 


The distribution parameter V, ranged from 24.2 to 26.79;: of 
body weight in the present study which is appreciably larger than the 
1 6 z  value reported previously for a normal subject (3). This dif- 
ference is consistent with the low hematocrit and low plasma 
albumin concentration in the anephric patients. 


The similarity of three of the four body clearance (Clb) values 
to the calculated effective plasma flow rate through the dialysis 
system suggests that blood flow through the dialyzer is either the 


rate-limiting step or at least one of the rate-determining processes 
in the elimination of riboflavin by hemodialysis. This assumes that 
metabolism and extrarenal excretion (other than hemodialysis) 
contribute little to the elimination of the vitamin in anephric patients 
as is the case in normal subjects (1, 3). 


Renal clearance of riboflavin in normal subjects involves glomeru- 
lar filtration, renal tubular secretion, and renal tubular reabsorption 
by a specialized saturable process (1 1). Clearance is, therefore, con- 
centration dependent, ranging from as high as 400 nil./min. at 
high plasma concentrations of riboflavin to 150 ml./min. or less at 
low plasma concentrations in normal adults ( 1  1). On the other hand, 
body clearance of riboflavin is not concentration dependent in 
functionally anephric patients due to the absence of a renal reab- 
sorption process. A direct comparison of renal clearance in normal 
subjects with body clearance in hemodialyzed patients is therefore 
impossi ble. 


The pharmacokinetics of riboflavin elimination in anephric pa- 
tients and normal subjects differ also in that the time course of ribo- 
flavin concentration decline in the plasma of the patients is de- 
scribable by a biexponential expression while a triexponential ex- 
pression is required for normal subjects ( 1  1). This appears to be due 
to the absence of the renal reabsorption capability in the patients. 
A similar effect has been found in newborn infants whose renal 
mechanisms are immature (12). 


It is of interest that probenecid, which is eliminated in normal sub- 
jects almost exclusively by biotransformation and which because of 
its high affinity to plasma proteins (6) is not likely to be removed 
effectively by hemodialysis, was as rapidly eliminated in the two 
patients (half-life of 2 to 4 hr.) as in normal subjects at acomparable 
dosage level (3, 6). On the other hand, drugs that are eliminated 
solely or primarily by renal excretion have a much longer half-life 
in anephric patients than in normal subjects (13, 14). 
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RESEARCH ARTICLES 


Interfacial Barrier Limited Interphase 
Transport of Cholesterol in the Aqueous 
Polysorbate 80-Hexadecane System 


ANWAR B. BIKHAZI and WILLIAM I. HIGUCHI 


Abstract 0 The kinetics of transfer of cholesterol from an aqueous 
polysorbate 80 solution into hexadecane and vice versa was studied 
by means of the multiparticulate dispersion technique. The experi- 
mental data were quantitatively analyzed by the physical model 
which accounts for the effects of bulk diffusion, interfacial resistance, 
interfacial area, and the lipid-water partition coefficient. For the 
0.1 % polysorbate 80, a P value around 1.7 to 2.2 X cm. set.-' 
was found that was consistent with all of the data on water-to-oil 
as well as oil-to-water transfer experiments. These findings suggest 
such large nonspecific interfacial barriers to be important in many 
biological and biopharmaceutical situations. 


Keyphrases 17 Interfacial barrier limited transport-interphase 
Cholesterol interphase transport-aqueous polysorbate 8(rhexa- 
decane system 0 Emulsions-hexadecane-water-polysorbate 80 0 
Particle-size distribution-emulsions 0 Partition coefficient, 
cholesterol-hexadecane-polysorbate 80 system 


Recently (1-9, there has been increased interest in 
the possibility of utilizing physical models to gain an 
understanding of the transport of drugs and other 
biologically important substances from body fluids into 
tissues and across membranes. The main character- 
istic of the physical model approach is the intimate 
interaction of realistic physical concepts with well-de- 
signed experiments. Thus the previous studies (1-5) 
have shown that it should be possible to interrelate such 
factors as the pKa, the partition coefficient and the 
diffusional characteristics of the drug, the buffer char- 
acteristics and the pH of the aqueous phases involved, 
and the heterogeneous nature of the membrane, and 
then to test such relationships experimentally. 


One of the factors in interphase transport of drugs 
which has escaped serious consideration until recently 
( I ,  2) is the possible existence of significant interfacial 
resistances at the oil-water interface. The present 
studies along with those of Ghanem et al. (1) appear to 
represent for the first time the likelihood of the frequent 
domination of interfacial barriers in interphase trans- 
port. 


The purpose of the present communication is to 
describe the interfacial barrier-controlled transfer of 
cholesterol across an oil-water interface. As will be 
shown, very large interfacial resistances were found. 
Because of the probable nonspecific nature of the inter- 
facial barrier, these findings may be very pertinent to a 
number of biological and pharmaceutical situations, for 
example, the deposition of gallstones, the initiation of 
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Figure I-Cumulative particle-size distribution data from Emulsions 
I and I1 obtained using the Coulter counter model A .  A plot of num- 
ber of particles 2 volume versus volume gave a 95% mass balance 
for Emulsion I ,  a 66% mass balance for Emulsion I1 as shown in 
Table I ,  and a 73% mass balance for Emulsion 111. Key: -, Emul- 
sion I ;  - - -, Emulsion I I ;  and . . . , Emulsion III. 


atherosclerosis, and the transport and the absorption of 
cholesterol and other steroids (6) from the gastro- 
intestinal tract. 


EXPERIMENTAL 


General Considerations in the Design of Experiments-It was 
decided to employ the multiparticulate dispersion technique (1, 2) 
which provides both good reproducibility and sensitivity for inter- 
facial barrier determination. Both water-to-oil (“solute uptake”) 
as well as oil-to-water (“solute release”) transport experiments were 
carried out in order to assure the reliability of the interfacial 
permeability coefficient. Different oil particle-size distributions were 
utilized to demonstrate further that an interfacial barrier was rate 
con trolling. 


Preparation of Stock Emulsions-Two 8 hexadecane-water 
emulsion stocks using 0.1 polysorbate 801 were prepared in such 
a manner that the particle-size distributions differed significantly. 
Emulsion I was prepared by mixing 8 ml. of hexadecane2 with 1 ml. 
of 10% aqueous polysorbate 80 solution and then making up to 
100 ml. with distilled water. The mixture was then homogenized for 
75 sec. in a Waring blender. Emulsion I1 was prepared by mixing 8 
ml. of hexadecane with 0.5 ml. of the 10% polysorbate 80 solution 
and then making up to 100 ml. with distilled water. This mixture 
was then homogenized for 45 sec., after which 0.5 ml. of 10% sur- 
factant was added to make the final surfactant concentration of 


1 Obtained from AtIas Chemical Industries, Inc., Wilmington, Del. 
2 Hexadecane Spectroquality Reagent, Matheson Coleman & Bell, 


Norwood, Ohio. 


744 0 JournaI of Pharmaceutical Sciences 







Table I-Oil Droplet Size Distribution and Data Treatment of 
Emulsion Systems I and I1 Given in Fig. 1 with Their 
Respective Mass Balance 


Mean Total 
Radius AWolume) No. of Volume 


j (Micron) ( M i ~ r o n ) ~  Particles (Micron)3 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


0.688 
0.815 
0.912 
0.990 
1.060 
1.120 
1.175 
1.225 
1.275 
1.335 
1.415 
1.485 
1.545 
1.605 
1.695 
1.815 
1.915 
2.010 
2.095 
2.175 
2.250 
2.325 
2.385 
2.495 
2.505 
2.560 
2.640 
2.740 
2.830 
2.920 
3.085 


0.688 
0.815 
0.912 
0.990 
1.060 
1.120 
1,175 
1.225 
1.275 
1.335 
1.415 
1.485 
1,545 
1.605 
1.695 
1.815 
1.915 
2.010 
2.095 
2.175 
2.250 
2.325 
2.385 
2.495 
2.505 
2.560 
2.640 
2.740 
2.830 
2.920 
3.140 


System I 
0.90 625.00 
0.91 475.00 
0.90 300.00 
0.91 200.00 
0.90 162.50 
0.91 137.50 
0.90 125.00 
0.91 100.00 
0.90 100.00 
1.81 162.50 
1.82 150.00 
1.81 137.50 
1.80 112.50 
1.82 100.00 
4.53 225.00 
4.52 187.50 
4.53 162.50 
4.53 137.50 
4.52 ii2.50 
4.53 75.00 
4.53 75.00 
4.52 50.00 
4.53 50.00 
4.55 62.50 
4.51 62.50 
4.52 50.00 
9.06 50.00 
9.05 37.50 
9.05 37.50 
9.06 37.50 


42.28 137.50 
Sum 


Mass Balance 
System I1 


0.90 
0.91 
0.90 
0.91 
0.90 
0.91 
0.90 
0.91 
0.90 
1.81 
1.82 
1.81 
1.80 
1.82 
4.53 
4.52 
4.53 
4.53 
4.52 
4.53 
4.53 
4.52 
4.53 
4.55 
4.51 
4.52 
9.06 
9.05 
9.05 
9.06 


28.97 


525 
187.50 
112.50 
87.50 
50.00 
50.00 
37.00 
25.00 
25.00 
75.00 
62.50 
62.50 
50.00 
50.00 


112.50 
75.00 
75.00 
62.50 
62.50 
62.50 
37.50 
37.50 
25.00 
50.00 
31.25 
37.50 
37.50 
37.50 
37.50 
37.50 


150.00 
Sum 


Mass Balance 


850.00 
1073.50 
954.00 
814.00 
809.25 
807.13 
847.50 
770.00 
870.00 


1616.88 
1777.50 
1883.75 
1743.75 
1690.00 
4590.00 
4706.25 
4761.25 
4661.25 
4331.25 
3240.00 
3577.50 
2640.00 
2870.00 
4075.00 
4112.50 
3520.00 
3850.00 
3232.50 
3562.50 
3907.50 


16981.25 
95126.00 


95 z 
714.00 
423.15 
357.75 
356.13 
249.00 
293.00 
253.13 
192.50 
217.50 
746.25 
740.63 
856.25 
775.00 
845.00 


2295.00 
1882.50 
2197.50 
2118.75 
2406.25 
2700.00 
1788.75 
1980.00 
1435.00 
3260.00 
2056.25 
2640.00 
2887.50 
3232.50 
3562.50 
3907.50 


19425.00 
66795.37 


66 % 


0.1 %. These emulsions were gently shaken for about 15 min. prior 
to their use in the rate runs. 


In addition to these two emulsions, a third emulsion (Emulsion 
111) was prepared in a similar manner but utilizing a polysorbate 80 
ester (Polyol-Free).l 
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Figure 2-Comparison of experimental data with theory for the 
uptake of cholesterol from Emulsion Systems I and 11; counts/min.l 
mI. of drug in the aqueous 0.1 % polysorbate 80 phase versus time 
in hours. Key: experimental points from 2% oil of System I ,  @; 
and experimental points from 2% oil of System 11, 0. Curves are 
theoretically computed values. Vw = 49 ml. of aqueous polysorbate 
80 phase; P value for both systems is 1.7 X I&? cm. set.?; K 
value is 200. 


Figure 1 shows the cumulative particle-size distribution data from 
the three emulsions obtained using the Coulter counter. The data 
given in Fig. 1 were used to obtain the differential size distribution 
in Table I. No significant particle-size distribution changes were 
found with these emulsions up to 8 hr. 


Uptake Experiments-Predetermined dilutions of these stocks 
were made in 0.1% polysorbate 80 solution. Then 1.5 X lo-? 
g. of 4-14C-cholesterol contained in 3 ml. of a 0.1 % polysorbate 
80 solution was added into 47 ml. of the diluted emulsions and the 
mixture shaken gently at 30" in the Burrell Wrist-Action ~ h a k e r . ~  
Three- or five-milliliter samples were pipeted out at different time 
intervals and the aqueous phases were analyzed by either filtration 
(7) of the sample employing 0.20-C( pore size Gelman Metricel 
filters6 (GA-8) or by high-speed centrifugation6 at 21,600Xg for 
1.5 min. Out of the clear aqueous solution collected, 1 ml. was 
pipeted into a liquid scintillation vial. To the latter, 10 ml. of a 
liquid scintillation cocktail was added, and the samples quantita- 
tively analyzed in the Beckman liquid scintillation system.? In the 
filtration procedure it was found that a small amount ('v 10%) of 
the cholesterol was lost to the filter during filtration. Therefore, a 
correction for the adsorption loss was obtained by this technique. 


Release Experiments-For the release experiments the same pro- 
cedure was used for the preparation of the stock emulsions. How- 
ever, radioactive cholesterol was added to the oil (6.68 X lo-? g. 
of 4-W-cholesterol/ml. of hexadecane) prior to the emulsification 
step. Aliquots of the stock emulsion containing the 4- i4C-cholesterol 
were then added at zero time to predetermined volumes of 0.1 % 
polysorbate 80 solutions. Sampling and analysis of the aqueous 
phases were carried out in the same manner as in the uptake experi- 
ments. 


Partition Coefficient Determinations-The hexadecane-0.1 
polysorbate 80 partition coefficient for the 4- i4C-cholesterol was 
determined in emulsion systems containing 0.24 to 8 % hexadecane 
and equilibrating for 48 and 72 hr. A value of 200 f 10% was 
found which was used in the analysis of the data. 


RESULTS AND ANALYSIS OF THE DATA 


In all of the uptake and the release experiments, significant 
changes in the aqueous cholesterol concentrations were found up to 
8 hr. The results of the experiments for uptake and release are 


3 Model A, Coulter Electronics, Hialeah, Fla. 
4 Burrell Corp., Pittsburgh, Pa. 
5 Gelman Instrument Co., Ann Arbor, Mich. 
8 Lourdes Instrument Corp., Brooklyn, N. Y. 
7 Beckman Instruments, Inc., Fullerton, Calif. 
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Figure 5-Comparison of experimental data with theory for the 
uptake of cholesterol from Emulsion I l l .  Counts/min./ml. of drug 
in the aqueous 0.1% polysorbate 80 ester phase versus time in 
hours. Key: experimental points from 0.8% oil, 0; and experi- 
mental points from 1.2 % oil, 0. Curves are theoretically computed 
values. P value for  both dilutions is 2.2 X IR1 CM. see.-'; K value 
is 200. 
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Figure 3-Comparison of experimental data with theory for the 
uptake ofcholesterol from Emulsion Systems I and II. Counts/min.lml. 
of drug in the aqueous 0.1 z polysorbate 8Ophase versus time in hours. 
Key: experimental points from 4 % oil of System I ,  0; and experi- 
mental points from 4% oil of System 11, 0. Curves are theoretically 
computed values. VW = 48 ml. aqueous polysorbate 80 phase; P 
value for both systems is 1.7 X I P  cm. sec.-l; K value I S  200, 


presented in Figs. 2-9. In the uptake plots (Figs. 2-5) the ordinate 
gives the actual aqueous concentrations of 4-~4C-cholesterol as a 
function of time. In the release plots (Figs. 6-9) the initial (zero 
time) expected aqueous concentrations were subtracted from all of 
the determinations of the aqueous cholesterol. 


The following procedure was developed for the analysis of the 
experimental results. The general relationships apply to both uptake 
and release, the two situations differing only by the difference in 
sign of the concentration gradient. 


It is helpful to refer to the model in Fig. 10. For an oil droplet of 
radius aj, the rate of cholesterol transport into (or out of) the 
droplet is given by Eq. 1 : 


where P is the apparent permeability coefficient for the interfacial 
barrier, D is the relevant diffusion coefficient for cholesterol in the 
0.1 % polysorbate 80 solution, c b  is the total bulk aqueous choles- 
terolconcentration, and c b 3 '  is defined by Eq. 2: 
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Figure &-Comparison of experimental data with theory for the 
uptake of cholesterol from Emulsion Systems I and II. Countslmin.1 
ml. of drug in the aqueous 0.1 polysorbate 80 phase versus time 
in hours. Key: experimental points from 4% oil of System I ,  a; 
and experimental points from 6% oil of System 11, 0. Curves are 
theoretically computed values. VW = 47 ml. aqueous polysorbate 
80 phase; P value for both systems is 1.7 X lo-' cm. set.-'; K 
value is 200. 


where K is the etTective hexadecane-0.1z polysorbate 80 partition 
coefficient for cholesterol and C,j is the cholesterol concentration 
in the oil droplet. When G j  is positive the situation is for uptake; 
when Gj is negative, one has cholesterol release from the droplet. 


It is noteworthy that when ajP << D, then ajP may be neglected 
in the denominator of Eq. 1. In this case, one may write 


Gj = haj2P(Cb - c b j ' )  (Eq. 3) 


which is the appropriate limiting expression for the interfacial 
barrier-controlled transfer of cholesterol. One may also write: 


where V,j = &aj3 is the volume of the oil droplet and t is the time. 
Equations 1,2, and 4 may be combined to give 


Now, from material balance considerations in the system, one 
may write 


where VIV is the volume of the aqueous phase, ANj is the number of 
droplets of sizes between aj and aj + and L represents the largest oil 
droplets in the system. 
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Figure 6-Comparison of experimental data with theory for the 
release of cholesterol from Emulsion Systems I and 11. Counts/min./ 
ml. of drug in the aqueous 0.1 polysorbate 80 phase versus time in- 
hours. Key: experimental points from 0.24% oil of System I ,  .; 
and experimental points from 0.24% oil of System 11, 0. Curves are 
theoretically computed values. Vw = 49.88 ml. aqueous polysorbate 
80 phase; P value for both systems is 1.7 X 10-1 em. sec-1; K value 
is 200. 
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Figure 7-Comparison of experimental data with theory for the re- 
lease of cholesterol from Emulsion Systems I and 11. Counts/min./ml. 
of drug in the aqueous 0.1 polysorbate 80 phase versus time in 
hours. Key: experimental points from 0.48% oil of System I ,  0; 
and experimental points from 0.48% oil of System 11, 0. Curves are 
theoretically computed values. VW = 49.76 ml. aqueous polysorbate 
80phase; P value for both systems is 1.7 X lo-' cm. set.?; K value 
i s  200. 


As is easily seen, the two equations, Eqs. 5 and 6, may be used 
to solve for c b  as a function of time when Vw, D , P ,  K, and the 
particle-size distribution (e.g., Table I )  are known. However, this 
cannot be done analytically and one must resort to numerical 
methods. The flow diagram based on the FORTRAN IV language 
(IBM 360 digital computer) for solving Eqs. 5 and 6 is given in 
Fig. 1 I .  


The computer calculations for the various experimental condi- 
tions were carried out for both cholesterol uptake and release. 
These are presented as the smooth curves in Figs. 2-9. As can be 
seen, a P value of around 1.7 to 2.2 X lo-' cm. set.-' was found to 
give good agreement of all experiments with the theoretical relations 
of Eqs. 5 and 6. The experiments with the polysorbate 80 ester 
sample appeared to correspond to slightly higher rates (P 1~ 2.2 
X cm. sec.-l) than those with the unpurified surfactant (P 'v 


1.7 X cm. sec.-l). 


cm.2 sec.-l made no significant difference in the results. The lower 
limit (IO-IO cm.2 sec.-l) would be an unexpectedly low value even 
when the principal species in 0.1% polysorbate 80 is micellar in 
nature. 


An idea of the sensitivity of the fit of the experimental data to the 
theoretical predictions can be obtained by referring to Fig. 12. It 
can be seen that the precision in the determination of P is in the 
neighborhood of & 10% for the release experiments. For the 


In all of these calculations, a choice of D from loe6 to 


~~ 
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Figure 8-Comparison of experimental data with theory for the re- 
lease of cholesterol from Emulsion Systems I and 11. Countslmin./ml. 
of drug in the aqueous 0.1 % polysorbate 80 phase versus time in 
hours. Key: experimental points from 0.96% oil of System I ,  0; 
and experimental points from 0.96% oil of System 11, 0. Curves are 
theoretically computed values. VW = 49.52 ml. aqueous polysorbate 
80 phase; P value for both systems is 1.7 X cm. sec.-l; K value 
i s  200. 
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Figure 9-Comparison of experimental data with theory for the 
release of cholesterol from Emu!sion 111. Counts/min./ml. of drug 
in the aqueous 0.1 % polysorbate 80 ester phase versus time in 
hours. Key: experimental points from 0.4% oil, 0; and experi- 
mental points from 0.8% oil, 0. Curves are theoretically computed 
values. P value for both dilutions is 2.2 X 1 P  cm. set.-'; K value 
is 200. 


uptake experiments, while the general agreement of the experi- 
mental data with theory is good, somewhat larger discrepancies 
were found at larger times. 


One of the factors which may limit the accuracy of the treatment 
of the transport by Eqs. 5 and 6 is the particle-size distribution data 
obtainable with the Coulter counter. The situation in the case of 
Emulsion I of this study is quite satisfactory as it has yielded a 95 % 
mass balance. In other experiments, comparably good mass bal- 
ances have been found (1). However, one should question the ac- 
curacy of the analysis procedure when, for example, only 66% 
(Emulsion 11) of the oil phase can be accounted for by the Coulter 
counter data. 


Whenever the mass balance is poor, the cause may be attributed to 
one of five possibilities: (a)  volumetric errors in transferring the oil 
in the stock emulsion to the reaction flask; (b)  significant number of  
droplets below the Coulter counter sensitivity ; (c) significant number 
of droplets too large to be accurately sized; (d) accuracy of the 
Coulter counter itself; and (e) solubilization of the oil in the aqueous 
media (intrinsic solubility of solubilization by, for example, sur- 
factant). 


In the experiments with Emulsion 11, it is most likely that the dis- 
crepancy is not likely to be due to the following: (a)  because of good 
precision of the partition coefficient data obtained with manysolutes; 
(b) because this would require an unusual, essentially bimodal, distri- 
bution of droplet sizes; (d) because many other emulsions have 
yielded better mass balances than 66%; and (e) because no time 
effects on size distribution were observed. It is therefore proposed 
that the absence of good mass balance in the case of Emulsion 11 is 
the result of (c), i.e., the presence o f  a significant number of large 
droplets that was not measured by the instrument. 


In order to assess the effect of neglecting the large droplets in the 
calculations with Eqs. 5 and 6, a computation was carried out with a 
particle-size distribution for Emulsion I1 (see Table I, Column 9), 
but for which a 93 % mass balance was obtained by including more 


011 


Figure l&-The physical model that describes the uptake andlor 
release of the solute (cholesterol) across the oil droplet. Key: a; = 
droplet radius; Coj = solute concentration in the oil phase; C, = 
aqueous solute concentration just outside the adsorbed j%n; cb = 
solute concentration in the aqueous 0.1 % polysorbate 80phase. 
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Figure 11-Computer flow diagram showing the procedure for com- 
putation of c b  and C,j. 


large droplets in the extrapolation. In Fig. 13, the broken curve 
shows the computed release-time behavior for this situation. As can 
be seen, for initial release the difference between the 66% mass 
balance and the 93 z mass balance is relatively small and compara- 
ble to the scatter of the experimental data. 


DISCUSSION 


The results of the analysis of data clearly show that an interfacial 
barrier was operative in these experiments. The effective permeabil- 
ity coefficient value of 1.7 to 2.2 X lo-’ cm. sec.-l corresponds 
to a rather large interfacial resistance to transport which might 
appear to be rather surprising for the simple oil-water system in 
these studies. 


It is of interest to compare this value with those reported in the 
literature for transport of organic compounds across biological and 
“synthetic” biological membranes. Bean et al. (8) reported on the 
bilayer lipid membrane permeability coefficient of a number of 


200 c 
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Figure 12-Sensitivity of the Jit of the experimental data to the 
theoretical predictions. The points are experimental results for 
0.48 z release experiments whose data gave these theoretical curves 
with a change in the P values. Key: P value 9 X lC8 cm. sec.-l, - - - .  , P value I x I&’ cm. sec.-l, -.-; P value 1.2 X 10-7 cm. 
sec.-l, -.-.-; P value 1.5 X I@’ cm. set.-', - - -; P value 1.8 X 
10-7 cm. set.-', - . ; P value 2 X lo-’ cm. set.-', -; K value is 200. 
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Figure 13-Effect of neglecting the large droplets in the calculations 
with Eqs. 5 and 6 as computed for Emulsion 11. Key: the broken 
curve, - - -, shows the computed release-time behavior for a 93% 
mass balance; and the full curve, -$ shows the computed release- 
time behavior for a 66% mass balance. P value for both systems is 
I .  7 X lo-’ cm. set.-'; K value is 200. 


organic compounds. The authors found that the permeability co- 
efficients for most simple organic molecules are in the range of 
to 10P cm. set.-'. Holder and Hayes (9) found red bloodcell perme- 
ability coefficients of a number of sulfonamides to be in the range of 
lop4 to lo-’ cm. sec.-I. Rothblat et al. recently (10) reported data 
on the uptake of cholesterol by Ljn8Y tissue culture cells. A rough 
calculation with their data yields a permeability coefficient in the 
neighborhood of 10-6 cm. sec.-l. Thus the interfacial barrier for 
cholesterol at the hexadecane- 0.1 z polysorbate 80 system is of the 
same order of magnitude if not somewhat greater than those ob- 
served in a number of biological situations. 


It is hoped that this investigation and the continuing studies will 
provide a basis for understanding the detailed molecular factors in 
the various biological and biopharmaceutical situations. 
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Prazepam Metabolites in Dog Urine 


FREDERICK J. DiCARLO and JEAN-PAUL VIAU 


Abstract 0 Within 24 hr. after receiving a single oral dose (10 
mg./kg.) of 1"-labeled prazepam, two dogs excreted small quan- 
tities (4.6 and 1.8%) of the radioactivity into the urine. Thin-layer 
chromatograms showed the presence of at least eight radioactive 
compounds in these urine collections. Six of the labeled compounds 
were identified, and accounted for 86% of the I4C in the urine 
from Dog 1 and 95% of the 14C in the urine from Dog 2. These 
compounds and their contributions to  the urinary radioactivity 
were: prazepam (1 z, Dog 1 ; 0.2 x, Dog 2); desalkylprazepam (2 %, 
Dog 1 ; 0.4z,  Dog 2); 3-hydroxyprazepam glucuronide (9 z, Dog 1 ; 
11 Z, Dog 2); oxazepam (14 Z, Dog 1 ; 3 z, Dog 2); oxazepam glu- 
curonide (52z,  Dog 1 ;  72z, Dog 2), and 4'-hydroxyoxazepam 
glucuronide (8 x, Dogs 1 and 2). 


Keyphrases 0 Prazepam-I4C metabolites-urinary excretion, dog 0 
Metabolites, prazepam-isolation, identification 0 TLC-separa- 
tion, identification 0 Scintillometry-analysis 


The identification of prazepam metabolites was of 
interest because it appeared that the drug might serve 
as the precursor to a series of tranquilizers. A previous 
study (1) demonstrated that prazepam is converted 
into one established tranquilizer, oxazepam, by the dog. 
Dealkylation and hydroxylation are involved in trans- 
forming prazepam into oxazepam and it was interesting 
to learn whether one or both oxidative sequences ac- 
tually occur in uiuo. Also in question was whether the 
dog hydroxylates the 5-phenyl group of benzodiazepins 
as does the rabbit (2). These points were investigated 
both qualitatively and quantitatively with the aid of 
ring-labeled prazepam. 


EXPERIMENTAL 


Reference Compounds-N-Phthalimidoacetyl-5-chloro-2-cyclo- 
propylmethylamino-benzophenone-(carbonyl-~4C) was treated with 
hydrazine to form N-glycyl-5-chloro-2-cyclopropylmethylamino- 
benzophenone-(carbonyl-"C) which cyclized spontaneously to 
yield 7-chloro-l-(cyclopropylmethyl)-5-phenyl-1H-1,4-benzodiaze- 
~in-2(3H)-one-5-'~C (3). The product, better known as prazepam, 
showed chemical and radiochemical purity in excess of 99%. Its 
specific activity was 1.31 mc./g. 
14C-2-Cyclopropylmethylamino-5-chlorobenzophenone (CACB) 


was prepared by hydrolyzing 1 mg. of 14C-prazepam in 0.5 ml. of 
6 N HCI for 1 hr. in a boiling water bath (4). For chromatography, 
5 ml. of water was added to the reaction mixture, the solution was 
neutralized partially with NaOH, and the product was extracted 
with ethyl acetate. Upon chromatography in a variety of solvents, 
the reaction product yielded a single radioactive spot which was 
yellow and did not react as a primary aromatic amine (5 ) .  


Other available reference compounds were desalkylprazepam, 
3-hydroxyprazepam, oxazepam, 2-amino-5-chlorobenzophenone 
(ACB), and 4'-hydroxy-2-amino-5-chlorobenzophenone (4'-hydroxy 
ACB). The chemical purity of these preparations was >95%. 


Protocol-Two male mongrel dogs of beagle conformity were 
used. Their weights were 8.6 and 10.5 kg. Each animal was fed a 
capsule containing 14C-prazepam equivalent to 10 mg./kg. body 
weight and placed into a separate metabolic cage. Urine was col- 
lected at 24-hr. intervals for 3 days and counted by scintillation 
spectrometry. 


The 0-24-hr. urine collections were used to identify drug 
metabolites as outlined in Fig. 1.  The plan was based upon: (a)  


HCI urine, 100% of 14C --+ ACB and derivatives. 


un con juga ted metabolites 
in organicphase : 


conjugated metabolites 
in aqueous phase 


21% of 14C in urine of Dog 1 
4% of 14C in urine of Dog 2 


aglycones aqueous phase: 
in organic phase: 2% of 14C in urine of Dog 1 


77% of 14C in urine of Dog 1 
96% of I4C in urine of Dog 2 


Figure 1-Plan for identifying prazepam metabolites in dog urine. 
The urine, unconjugated metabolite fraction, agIycone fraction, and 
hydrolysate were submitted to TLC in four solvents. 


hydrolysis of the urinary drug metabolites to ACB and its deriva- 
tives, (b)  extraction of unconjugated urinary metabolites, and (c) 
enzymatic hydrolysis of the conjugated metabolites followed by 
extraction of the aglycones. 


Hydrolysis of Drug Metabolites-Walkenstein et al. (4) described 
a method of quantitatively hydrolyzing diazepam, oxazepam and 
their analogs to their corresponding 2-amino-5-chlorobenzo- 
phenones. This procedure was used for the identification of praze- 
pam metabolites. A 10-ml. portion of the dog urine was hydrolyzed 
by heating with an equal volume of concentrated HC1 for 1 hr. at 
100". The hydrolysate was kept ice cold during partial neutraliza- 
tion by the addition of 4.4 g. of NaOH (4.8 g. required for neutraliza- 
tion). The acidic solution was extracted with three 5-ml. portions of 
ethyl acetate. All of the urinary 14C was recovered in the ethyl 
acetate. The extracts were combined and concentrated to about 1 
ml. for chromatography. 


Extraction of Unconjugated Metabolites-A 50-ml. portion of 
the urine was adjusted to pH 7.0 and extracted with five 20-ml. 
portions of ethyl acetate. The combined ethyl acetate extracts were 
evaporated to  about 1.5 ml. 


Extraction of Aglycones of Conjugated Metabolites-After ex- 
tracting the unconjugated metabolites, the urine was brought to 
pH 5.0-5.5 and incubated overnight at 37" with 50,000 units of 
p-glucuronidase. Then the pH was adjusted to 7.0 and the solution 
was extracted five times with 20-ml. portions of ethyl acetate. The 
combined organic phase was evaporated to about 2 ml. 


Thin-Layer Chromatography-Submitted to  chromatography 
were the reference compounds; untreated urines; hydrolyzed urines; 
extracts of unconjugated metabolites; extracts of the aglycones of 
conjugated metabolites; hydrolysates of authentic prazepam, 
oxazepam, 3-hydroxyprazepam, and desalkylprazepam ; and hy- 
drolysates of fractions eluted from chromatograms. All of the 
chromatograms were developed on glass plates coated with silica 
gel G. The solvent systems employed were 206: benzene-ethyl 
acetate ( 5  :I), 304: chloroform-acetic acid-methanol (15 : 1 :4), 
306: chloroform-ethanol-acetone (8: 1 : l), and 307: chloroform- 
acetone (9 : 1). 
Rechromatography-Rechromatography was conducted in order 


to confirm Rf data, to obtain Rf values in other solvents, and to 
check the purity of fractions. The technique for collecting a given 
radioactive fraction from TLC plates simply involved scraping 
the area from several plates, eluting the fraction with ethyl acetate, 
and concentrating the eluate. 
Cochromatography-Cochromatography refers to spotting 


a mixture of an unknown and a reference compound and developing 
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Table I-TLC of Reference Compounds 


Rf Values 
Solvent Solvent Solvent Solvent 


Compound 206 304 306 307 


Prazepam 0.45 0.97 0.88 0.60 
Oxazepam 0.04 0.88 0.55 0.15 
3-Hydroxyprazepam 0.35 0.96 0.78 0.52 
Desalkylprazepam 0.11 0.95 0.72 0.30 
ACBY 0.77 0.95 0.90 0.85 
CACBb 0.95 0.97 0.95 0.97 
4'-Hydroxy ACB 0.44 0.97 0.80 0.55 


a 2-Amino-5-chlorobenzophenone. * 2- Cyclopropylmethylamino- 5 - 
chlorobenzophenone. 


the chromatogram. This procedure was employed to detect any 
minor difference between the migration of the unknown and known 
compounds. 


Detection Methods Applied to Chromatograms-The radioactive 
bands on the chromatograms were scanned with a Packard model 
7201 radiochromatogram scanner to determine their Rf values. 
Chromatograms of the hydrolysis products, with the benzophenones 
(ACB or CACB) as the major components, showed distinct yellow 
spots for these compounds. ACB, a primary aromatic amine, was 
detected at low levels by running the Bratton-Marshall assay ( 5 )  
directly on chromatograms. This was done by spraying chromato- 
grams successively with 4 N HCI, 0.5% sodium nitrite, OSZ am- 
monium sulfamate, and finally 0.1 N-( 1-naphthy1)-ethylenedi- 
amine dihydrochloride. Prazepam, desalkylprazepam, and 3-hy- 
droxyprazepam were sometimes located on chromatograms by en- 
closing the plates in a cylinder with crystalline iodine. The iodine 
vapor caused the compounds to become yellow. Some plates were 
sprayed with a phenol reagent to detect 4'-hydroxy ACB. The 
reagent was freshly prepared by dissolving 1 .O g. of ferric chloride 
and 50 mg. of potassium ferricyanide in 10 ml. of water (6). 


Quantitative Methods-Scintillation spectrometry was used to 
determine the absolute levels of radioactivity in the various fractions. 
For this purpose, a dioxane cocktail was employed in conjunction 
with a Packard Tri-Carb model 3324 liquid scintillation spec- 
trometer equipped with automatic external standardization. The 
relative quantities of the compounds resolved chromatographically 
were determined by using a planimeter to measure the areas under 
the peaks of radioscans. 


RESULTS 


In 24 hr., Dog 1 excreted 4.6% of the administered radioactivity 
into the urine and Dog 2 excreted only 1.8%. The urinary recovery 
values for 72 hr. were 9.2% from Dog 1 and 8.3% from Dog 2. 
Figure 1 shows that the distribution of radioactivity between un- 
conjugated and conjugated metabolites also differed considerably 
for the 24-hr. urine collections from the two dogs. Nevertheless, 
there was a preponderance of conjugated labeled compounds (77 
and 96%') in these specimens. 


Table 11-TLC of Urine of Dog 1 and Its Major Fractions 


All of the benzodiazepin and benzophenone reference compounds 
were separable from one another by TLC (Table I). Table 11 il- 
lustrates the resolutions obtained by applying the same technique to 
the urine from Dog 1, to the same urine after hydrolysis, to ex- 
tracts of the unconjugated metabolites, and to extracts of the 
aglycones of the labeled glucuronides. Table I11 shows the transla- 
tion of these data into terms of specific compounds based upon the 
identifications described below. 


Identification of Prazepam-It was known that prazepam, if 
present, would be in the unconjugated fraction. This fraction was 
submitted to chromatography in three solvents. Chromatograms 
developed in Solvents 206 and 307 showed 5 to 6% of the unconju- 
gated radioactivity to be located at Rj values corresponding to 
prazepam (Table 11). Chromatograms produced in Solvent 306 
gave a higher I4C value (13 %) for the prazepam area and suggested 
that desalkylprazepam might also be present. After extracting the 
suspected prazepam from thin-layer chromatograms, rechroma- 
tography in different solvents yielded single radioactive bands at 
R, values corresponding to prazepam. In addition, exposure of the 
chromatograms to iodine vapor produced yellow bands only 
where there was radioactivity. When the eluates of the suspected 
prazepam were hydrolyzed and chromatographed in four solvents, 
a single radioactive product was formed. This product cor- 
responded to 2-cyclopropylmethylamino-5-chlorobenzophenone 
(CACB) upon chromatography in all solvents and was so identified. 
The identification of prazepam was based upon all of these facts 
(radioactivity, quantitative agreement between the quantities 
estimated to be present on different chromatograms, reaction with 
iodine, Rf values in four solvents, and conversion to tagged CACB). 


Identification of Desalkylprazepam-This compound was also 
sought in the unconjugated fraction. Again, there was a problem 
with one of the solvents, this time because 72% of all of the 14C 
in this fraction centered at R, 0.05 and obscured the metabolite 
with an R, of 0.1 1 (Solvent 206). However, well-resolved spots were 
observed at appropriate places on chromatograms developed in 
the other two solvents and the quantities of 14C corresponded 
satisfactorily: 13 and 10% of the 14C of the unconjugated fraction 
in Solvents 306 and 307, respectively (Table 11). Eluates of the spots 
showed single radioactive bands upon rechromatography in the 
various solvents, and the R, values corresponded to desalkyl- 
prazepam. Cochromatography of the metabolite with synthetic 
desalkylprazepam showed the presence of 14C and of the iodine- 
reacting material at the same R, in each solvent. Further confirma- 
tion of the identity of the metabolite came from its hydrolysis to 
ACB. The hydrolysis product was radioactive, yielded the same R/ 
values as ACB, and was inseparable from authentic ACB by co- 
chromatography. 


Identification of Oxazepam-The presence of free oxazepam 
was indicated by chromatography of the urine in Solvents 304 and 
306 and by chromatography of the unconjugated fraction in 
Solvents 206, 306, and 307 (Table 11). In addition, the quantities 
of the metabolite agreed fairly well, considering that five different 
experimental situations were involved. The methods used to identify 
oxazepam unequivocally were described earlier in detail (1 ) .  


Sample Solvent R, and Amount 


Urine 
Urine 
Urine 
Urine 
Hydrolysate 
Hydrolysate 
Hydrolysate 
Hydrolysate 
Hydrolysate 
Unconjugated 
Unconjugated 
Unconjugated 
Aglycones 
Aglycones 
Aglycones 
Aglycones 


206 
304 
306 
307 
206 
206a 
304 
306 
307 
206 
306 
307 
206 
304 
306 
307 


0.0 (loom 
o. i i (75%j ,  0.30 ( 1 3 ~ 1 ,  0.89 (12%) 
0.0 (86.5%), 0.40 (13.5%') 
0.05 (1oOz) 
0.0(19%), 0.22(5%), 0.35(8%), 0.78(62%), 0.95(5%) 
0.0(28Z),  0.35 (773, 0.49 (6%), 0.78 (59%:) 
0.25 (273, 0.95 (98z)  
0.03 (13%), 0.40 (lo%), 0.58 (773, 0.95 (70%) 
0.03 (27$), 0.58 (13z) ,  0.88 (60%) 
0.05(72%), 0.20(11%), 0.40(6%), 0 .80(11z)  
0.05 (1273, 0.49 (61Z), 0.80 (13%), 0.92 (14z)  
0.10 (38z), 0.20 (4773, 0.35 (lo%), 0.67 (5%), 0.88 (10%') 
0.07 (100%) 
0.89 (ioo%j 
0.0 (973, 0.22 ( l o x ) ,  0.50(68%), 0.75 (13%) 
O.l0(91z) ,  0.25(9%) 


Sample hydrolyzed for 18 hr. rather than the usual 1 hr. 
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Table 111-Identification and Estimation of Metabolites in 
Urine of Dog 1 


Urineor Sol- Urine, 
Compound Fraction vent % 


Prazepam 
Prazepam 
Oxazepam 
Oxazepam 
Oxazepam 
Oxazepam 
Oxazepam 
Desalky lprazepam 
Desalkylprazepam 
Oxazepam glucuronide 
Oxazepam glucuronide 
Oxazepam glucuronide 
Oxazepam glucuronide 
3-Hydroxyprazepam glucuronidea 
3-Hydroxyprazepam glucuronidea 
4'-Hydroxyoxazepam* 


Unconjugated 206 1 
Unconjugated 307 1 
Urine 304 12 
Urine 306 14 
Unconjugated 206 15 
Unconjugated 306 13 
Unconjugated 307 10 
Unconjugated 306 3 
Unconjugated 307 2 
Aglycone 206 77 
Aglycone 304 77 
Aglycone 306 52c 
Aglycone 307 70 
Aglycone 306 10 
Aglycone 307 7 
Hydrolysate 307 13d 


0 N1-Cyclopropylmethyloxazepam glucuronide. Confirmed by 4 Z 
CACB in hydrolysate, Solvent 206. b No model compound available; 
based upon detection of hydrolysis product. 4'-Hydroxyoxazepam 
may be the Rf0.22 spot in Solvent 306, aglycone fraction; 8% of urinary 
14C. c Most probable value because sample was resolved into four 
radioactive areas whereas Solvents 206 and 304 gave one spot and Sol- 
vent 307 gave two. d Further chromatography in Solvents 307, 206, and 
306 showed about 60% of this material to be 4'-hydroxyoxazepam. 


Identification of Oxazepam Glucuronide-After treating the 
ethyl acetate-extracted urine with P-glucuronidase, it was possible 
to extract practically all of the remaining labeled material from 
the urine of Dog 1 into ethyl acetate (Fig. 1). Chromatograms de- 


Y 
CH, 
I 


Y CH2 
I 


0 
3-hydrox yprazepam prazepam 


H H 


0 4 
oxazepam desalkylprazepam 


1 
H H 


Q 
b H  OH 


4'-hydroxdesalkylprazepam 4'-hydroxyoxazepam 


Scheme I-Oxidatiue metabolism of prazepam in dogs. (The se- 
quences inuoluing I'-oxidafion of prazepam and of N1-cyclopropyl- 
methyloxazepam were omitted for clarity.) 


Table IV-Prazepam and Its Metabolites in Dog Urine 
~ ~~~~ 


-J4C in Urine, %- 
Compound Dog 1 Dog2 


Prazepam 1 0.2 
Desalkylprazepam 2 0.4 
3-Hydroxyprazepam glucuronide 9 11 
Oxazepam 14 3 
Oxazepam glucuronide 52 72 
4'-Hydroxyoxazepam glucuronide 8 8 


Total 86 95 


veloped in four solvents showed spots corresponding to oxazepam. 
The oxazepam contribution to the conjugated fraction was 68 
as indicated by chromatography in Solvent 306 (Table 11). The 
higher estimates (91 to 100%) obtained from the other solvents 
obviously included other aglycones. 


Identification of 3-Hydroxyprazepam Glucuronide-Chroma- 
tography following treatment with p-glucuronidase also suggested 
the presence of 3-hydroxyprazepam. The material separated from 
oxazepam by Solvent 306 was identified as 3-hydroxyprazepam on 
the basis of rechromatography data, cochromatography experi- 
ments with authentic material, and conversion to CACB by acid 
hydrolysis. 


Identification of 4'-Hydroxyoxazepam Glucuronide-As ex- 
pected from the results presented above, the direct hydrolysis of the 
dog urine yielded radioactive bands corresponding to ACB and 
CACB (Table 11). Other radioactive compounds were also present. 
The application of spray reagents to the chromatograms showed 
that the radioactive band at R, 0.58 in Solvent 307 gave positive tests 
for a primary aromatic amino group and for a phenolic group. 
Therefore, it was considered possible that the compound was 
4'-hydroxy ACB which could be formed by the hydrolysis of 
4'-hydroxyoxazepam or its glucuronide. Since the aglycone, 
4'-hydroxyoxazepam, was not available, the authors tried to identify 
this metabolite through its possible hydrolysis product, 4'-hydroxy 
ACB, by a chromatographic application of the isotope dilution 
technique. To this end, radioactive material eluted from Rj 0.58 
of TLC plates developed in Solvent 307 was mixed with authentic 
4'-hydroxy ACB and submitted to chromatography in Solvent 
307. Three radioactive bands showed up in the radioscan. The 
major band (Rj 0.55) corresponded exactly to the yellow area oc- 
cupied by 4'-hydroxy ACB. This band was collected and eluted 
for chromatography in Solvent 206. The radioscan showed a single 
peak at the same R, (0.49) as the yellow color. The collection and 
elution process was repeated for chromatography in Solvent 306. 
Again, a single radioactive band coincided with the yellow 4'-hy- 
droxy ACB (R j  0.80). 


The urine of both dogs contained the same six compounds and 
they accounted for 86 to 95% of the radioactivity (Table IV). Al- 
though oxazepam glucuronide was the main component of both 
specimens, its contribution to the total radioactivity varied con- 
siderably in the two urine collections. The sums of free and con- 
jugated oxazepam were in closer agreement. The data for the 
glucuronides of 3-hydroxyprazepam and 4'-hydroxyoxazepam cor- 
responded closely. In both instances, the smallest contributions 
were made by prazepam and desalkylprazepam. 


DISCUSSION 


Three oxidative reactions characterize prazepam metabolism 
in the dog. They are the Phase 1 reactions: (a)  dealkylation, prob- 
ably releasing cyclopropylformaldehyde, (b)  oxidation of the 
methylene at C-3 to a secondary alcohol function, and (c) oxidation 
of the phenyl group at C-5 to a phenol. Reactions 1 and 2 occur 
directly with prazepam, as is evident from the identification of 
3-hydroxyprazepam and desalkylprazepam (Scheme I). Which of the 
reactions proceeds faster remains a moot question for prazepam, 
although the evidence indicates that diazepam is dealkylated more 
rapidly than it is hydroxylated in uiuo (7-9) and in uirro (10). Reac- 
tions 1 and 2 are also involved in the subsequent metabolism. 
Thus, there are two independent but competitive routes from 
prazepam to oxazepam. At this time, there is no evidence for the 
direct hydroxylation of prazepam in the 4'-position; i.e., it is not 
known whether prazepam simultaneously undergoes Reactions 1,2, 
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and 3. Nevertheless, the authors consider that Reaction 3 is properly 
classified as a Phase 1 conversion (11). Although 4’-hydroxy- 
desalkylprazepam has not been identified, this compound, as well as 
oxazepam, may be a precursor to 4’-hydroxyoxazepam. Other routes 
to 4’-hydroxyoxazepam are also possible as stated in the legend of 
Scheme I. 


Another of the unidentified metabolites may be 2’-hydroxyoxaze- 
pam. It seems that aromatic hydroxylation in the ortho and para 
positions is catalyzed by different enzymes (12) and that the dog 
generally produces more of the ortho isomer (13, 14). The authors’ 
identification of the para hydroxy compound (4’-hydroxyoxazepam) 
in dog urine implies steric hindrance of the ortho (2‘) position. On 
the other hand, it is quite possible that some 2’-hydroxy ACB was 
present with the 4’-hydroxy ACB. Since the 2’-hydroxy compound 
is not available for study, the possibility cannot be excluded that the 
four solvent systems did not resolve 2‘- and 4’-hydroxy ACB. 


In the dog, a single Phase 2 reaction was observed, namely, 
conjugation with glucuronic acid. As far as could be determined, all 
of the 3-hydroxyprazepam was conjugated. Thus, a competitive 
situation would exist if 3-hydroxyprazepam were also converted to 
oxazepam, as seems likely. The data show that most of the oxaze- 
pam was conjugated. The presence of some free oxazepam is 
interesting and suggests intermediate ranking of the dog among 
species capable of forming 0-glucuronides. Although conclusive 
evidence is lacking, it is surmised that 4’-hydroxyoxazepam was 
also excreted mainly as a glucuronide. 


Unlike diazepam (7, 8) and oxazepam (4), some unaltered 
prazepam was excreted into the urine by dogs. Thus, dogs treated 
with prazepam circulate at least three compounds with tranquilizer 
activity, namely prazepam ( 1  5-18), oxazepam, and desalkyl- 
prazepam (19). 


CONCLUSIONS 


The radioactivity from 14C-prazepam administered to dogs was 
excreted slowly into the urine. Most of the drug was transformed, 
apparently by oxidative enzymes of the liver microsomes. The 
major drug metabolite was oxazepam glucuronide. Other glucu- 
ronides were formed from 3-hydroxyprazepam and 4’-hydroxyox- 
azepam. The urine collections also contained unaltered prazepam, 
desalkylprazepam, and unconjugated oxazepam. Prazepam is con- 
sidered to serve as the precursor to a series of metabolites with 
tranquilizer activity. 
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Gastric Absorption and Distribution of Acetylsalicylic 
Acid and Other Acidic Compounds in the Rat 


CLARENCE H. MORRIS, JOHN E. CHRISTIAN, TOM S. MIYA, and WARREN G .  HANSEN 


Abstract 0 A comparison was made of the gastric absorption and 
distribution of sodium acetylsalicylate-7-14C with the absorption 
and distribution of sodium salts of other weakly acidic compounds. 
Each of the other compounds observed had an absorption pattern 


salicylic acid and its salts may be associated with their ability to 
cause gastric ulcers. 


Keyphrases Acetylsalicylate-7-14C, Na~absorpt ion,  distribution 
0 Acidic compounds-acetylsalicylate-7-14C, Na-absorption, 
distribution comparison 0 Gastric lesion production-acetylsalicy- 
late-7-14C, Na, acidic compounds 0 TLC-analysis 0 Autoradi- 
ography-analysis 


which was characteristic for the compound. Only sodium acetylsa- 
licylate caused gastric lesions in the rat. The observations do not 
rule out the possibility that absorption characteristics of acetyl- 


It has been known for more than 50 years that oral 
administration of acetylsalicylic acid is followed by 
erosion of the gastric mucosa and bleeding from the site 
of the lesion (1). These aspirin-induced lesions have 
been observed in humans (l), dogs (2), cats (3), guinea 


pigs (4), and albino rats (5 ) .  A number of hypotheses 
have been suggested to explain the occurrence of these 
lesions. Davenport (6)  and Martin (7) have suggested 
chemical models based upon the interaction of the com- 
pound with cellular constituents following its absorption 
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Potential Antitumor Agents: Derivatives of 2-Hydrazino-5-nitropyridine 


BENJAMIN PRESCOTT and GEORGE CALDES 


Abstract 0 Fifty-one hydrazones of 2-hydrazino-5-nitropyridine 
have been synthesized for tolerance in DBA mice and for study as 
potential antitumor agents against the three mouse tumor systems 
(sarcoma 180, adenocarcinoma 755, and leukemia 1210). Of four 
compounds with activity against the sarcoma 180 tumor, two 
derivatives-p-acetaminobenzaldehyde and p-nitrobenzaldehyde- 
showed good inhibition and confirmed activity. The salicylaldehyde 
derivative showed slight activity against the adenocarcinoma 755 
tumor. None of the compounds were active in the leukemia 1210 
mouse tumor system. The highest tolerated dose of the active com- 
pounds in mice by intraperitoneal injection was 2 g./kg. The com- 
pounds were thus of low toxicity. 


Keyphrases 2-Hydrazino-5-nitropyridines-synthesis 0 Acute 
toxicity, mice-2-hydrazino-5-nitropyridines 0 Biological activity 
-2-hydrazino-5-nitropyridines 


The synthesis of thiosemicarbazones and hydrazones 
has received considerable attention since Domagk's (1) 
report on the antituberculous activity of tibione ( p -  
acetylaminobenzaldehyde thiosemicarbazone). Numer- 
ous reports followed which indicated that a number of 
different hydrazones possessed potential antimicro- 
bial, antifungal, and antitumor activity. Freedlander 
and Furst (2) studied the effects of substituted 
hydrazines and related compounds on myeloid mouse 
leukemia C-1498. Petersen and Domagk (3) synthesized 
the guanylhydrazone of p-benzoquinone-monothio- 
semicarbazone and found the product to possess strong 
bacteriostatic action on Mycobacterium tuberculosis 
and various other organisms. In addition Chang (4) 
reported that the isonicotinylhydrazones of 2-car- 
boxymethoxy-3-methoxybenzaldehyde and 2-carboxy- 
methoxybenzaldehyde were effective against mouse 
leprosy. Following these reports Jucker (5) published a 
review of hydrazone derivatives used as medicinals. 


A few hydrazone derivatives of 2-hydrazino-5- 
nitropyridine were prepared by Mangini and Frenguelli 
(6).  However, no biological properties were reported 
concerning these compounds. In extensive investigations 


H U 


H B 
I + R-C=O + 


I1 


III 
Scheme 1-5-Nitro-2-pyridylhydrazone; I, preparation of 2-hy- 
drazino-5-nitropyridiiie; [I, aldehyde where R = aliphatic, aromatic, 
or heterocyclic group; 111, hydrazone derivative. 


from this laboratory into the bacteriostatic, fungistatic, 
and carcinostatic effects of hydrazones (7, 8) particularly 
with a view to their possible application as potential 
chemotherapeutic agents, results indicated that certain 
hydrazones may possess significant biological activity. 


The present report also describes the synthesis of 
5 1 5-nitro-2-pyridylhydrazones with analyses, tests 
for acute toxicity in mice, and for their effectiveness as 
potential antimicrobial and antitumor agents. Studies 
with this series of hydrazones reported herein have 
shown that certain derivatives have some effect as 
potential anticancer agents. 


MATERIALS AND METHODS 


The desired 2-hydrazino-5-nitropyridine was synthesized from 2- 
chloro-5-nitropyridine by a modification of the method of Mangini 
and Frenguelli (6). Seventy-nine grams (0.5 mole) of 2-chloro-5- 
nitropyridine was warmed to solution in 2 1. of 95% EtOH, in a 
3-1. three-necked flask equipped with a stirrer, thermometer, and 
dropping funnel. Twenty-five grams (0.5 mole) of 95 z hydrazine 
hydrate were added dropwise to the stirred solution and the mixture 
cooled in an ice bath. The alcoholic solution turned orange colored 
immediately after the hydrazine was added and a voluminous 
yellowish-green precipitate began to separate with the evolution 
of a gas. The mixture was stirred for an additional 2 hr. at room 
temperature after all the hydrazine had been added and held at 
room temperature overnight. The heavy precipitate that formed 
was filtered, washed with petroleum ether, and air-dried. The crude 
greenish insoluble condensation product was crystallized from a 
large volume of 70% EtOH. The yellow fine crystals melted at 
203-205" with decomposition. 


Anal.-Calcd for C6HsN4Oz: C, 38.96%; H, 3.92%; N, 36.25%. 
Found: C, 38.87%; H, 3.87%; N, 36.5z. The 2-hydrazino-5-nitro- 
pyridine readily reacted with aldehydes to form crystalline hydra- 
zones which exhibited intense colors ranging from bright yellow, 
orange, through shades of red. All the aldehydes employed were 
commercial preparations. The chemical structures of the hydrazones 
are shown in Scheme I. 


The general procedure for the synthesis of the hydrazones was as 
follows: a solution of the aldehyde (0.1 mole) in 95% ethanol (50 
ml.) was added to a warm solution of the 2-hydrazino-5-nitropyri- 
dine (0.1 mole) in 95 ethanol (200 rnl.) and refluxed gently for 30 
min. on a hot plate. In numerous instances immediate reaction 
took place as seen by the formation of a solid. The solutions were 
cooled to room temperature and the insoluble products filtered, 
washed with cold water and petroleum ether, and air-dried. The 
products were purified by recrystallization from 70% ethanol in 
presence of decolorizing carbon. The compounds appeared as color- 
ful, shiny crystals with yields from 90-95%. Table I gives a sum- 
mary of the aldehydes used and the analysis of the compounds. 


Biological Studies-Acute toxicity studies were performed in the 
DBA strain of mice as maintained at the National Institutes of 
Health, Bethesda, Md. The chemicals were suspended in 0.25z 
methocel (Dow methylcellulose) so that the dose per 20-g. mouse 
was contained in 0.25-ml. volume for intraperitoneal injection and 
the results judged by 72-hr. survival. The tolerated dose of each of 
the fifty-one compounds is 2 g./kg. The compounds are of low 
toxicity and may be administered in larger doses than are com- 
monly used in the administration of various anticancer drugs. 


Antitumor Studies-The compounds were tested for antitumor 
activity in the three tumor (sarcoma 180, adenocarcinoma 755, and 
leukemia 1210) mouse screening program by screeners under con- 
tract to the Cancer Chemotherapy National Service Center. The 
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Table I-5-Nitro-2-pyridylhydrazones-Chemical and Physical Properties 


Derivative of Aldehyde 
Empirical c 


M.p. ‘C.a Formula 
____ Anal., %--- 
Calcd. Found 


Formaldehyde 


2-Ethyl butyraldehyde 


HeptaIdehyde 


2-Ethylhexanal 


Nonal 


Decanal 


Lauraldehyde 


Crotonaldehyde 


Tiglaldehyde 


Methyl glyoxal 


Benzaldehydeb 


4-Fluoro benzaldehyde 


2-Chlorobenzaldehyde 


4-Chloro benzaldehyde 


2,4-Dichlorobenzaldehyde 


3,4-Dichlorobenzaldehyde 


2-Nit ro benzalde hyde 


3-Nitrobenzaldehyde 


4-Nitrobenzaldehyde 


Phenylacetalde hyde 


4-Tolylalde hyde 


Hy drocinnamaldehyde 


4-Isopropylbenzaldehy de 


22G225 


152-155 


191-194 


136-138 


108-1 11 


88 


78-80 


174-177 


216 


> 300 


227-229 


228 


210 


21 8-21 9 


21 1 


168- 170 


217-222 


248-250 


278 


137-138 


21 2-2 16 


126-128 


1 60 


C, 41.25 
H, 3.78 
N, 34.99 
C, 55.91 
H, 6.82 
N, 23.71 
C, 57.58 
H, 7.25 
N, 22.38 
C, 59.07 
H, 7.63 
N, 21.19 
C ,  60.41 
H, 7.96 
N, 20.13 
C ,  61.62 
H, 8.28 
N, 19.16 
C, 63.72 
H, 8.81 
N, 17.49 
C, 52.42 
H, 4.88 
N, 27.17 
c ,  54.53 
H, 5.49 
N, 25.44 
c ,  45.35 
H, 3.51 
N, 32.55 
c ,  59.47 
H, 4.20 
N, 23.12 
C, 55.38 
H, 3.49 
N. 21.53 
C, 52.09 
H, 3.28 
N, 20.25 
C, 52.09 
H, 3.28 
N, 20.25 
C, 46.32 
H, 2.59 
N, 18.00 
C, 46.32 
H, 2.59 
N, 18.00 
C, 50.18 
H, 3.16 
N, 24.39 
C, 50.18 
H, 3.16 
N, 24.39 
c ,  50.18 
H, 3.16 
N, 24.39 
C, 60.93 
H, 4.72 
N, 21.87 
C, 60.93 
H, 4.72 
N, 21.87 
C, 62.21 
H, 5.22 
N, 20.73 
C, 63.36 
H, 5.67 
N, 19.71 


C,  41.42 
H, 4.10 
N, 34.19 
c, 55.49 
H, 6.79 
N, 23.69 
c ,  57.71 
H, 7.30 
N, 22.53 
C, 59.14 
H, 7.81 
N, 21.38 
C ,  60.68 
H, 7.24 
N, 20.34 
C ,  61.38 
H, 8.77 
N, 19.47 
C, 63.49 
H, 8.36 
N, 17.34 
C, 52.69 
H, 4.84 
N, 27.13 
c, 54.39 
H, 5.22 
N, 25.43 
C, 45.32 
H, 3.86 
N. 32.41 
C, 59.72 
H, 4.76 
N, 23.17 
c, 55.48 
H, 3.70 
N, 21.27 
C ,  52.41 
H,  3.50 
N, 29.05 
C,  52.37 
H, 3.50 
N, 20.29 
C, 46.10 
H, 2.52 
N, 18.50 
C, 46.01 
H, 2.41 
N, 18.21 
C, 50.83 
H,  3.40 
N ,  24.42 
C, 50.42 
H, 3.62 
N, 24.76 
C, 50.38 
H, 3.85 
N, 24.72 
C, 60.07 
H, 4.50 
N, 21.59 
C, 60.72 
H, 4.45 
N, 21.39 
C, 62.32 
H, 5.40 
N, 20.68 
C, 64.05 
H, 5.51 
N, 19.53 


~~~~~ 


(continued o iz next page) 
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Table I-(cotirinued) 


Derivative of Aldehyde 
Empirical 7 


Form u 1 a M.p. "C." 
Anal., __- 


Calcd. Found 


Cinnamalde hyde 


a-Methylcinnamaldehyde 


1-Naphthaldehyde 


Salicylalde hyde 


2-Met hoxybenzaldehyde 


2-Ethoxybenzaldehyde 


5-Chlorosalicylalde hyde 


5-Bromo-2-hydroxybenzaldehyde 


3-Hydroxybenzaldehyde 


4-H ydroxybenzaldehyde 


4-Methoxybenzaldehyde 


2-Methoxy-5-m-t- butylbenzaldehyde 


2-H ydroxy- 1 -naphthaldehyde 


2-Hydroxy-3-methoxybenzaldehyde 


2,3-Dimet hoxybenzaldehyde 


3,4-Dimethoxybenzaldehyde 


2,4-Dih>,droxybenzaldehyde 


3-Et hoxy-4-hydroxybenzaldehyde 


3,4-Diet hoxybenzaldehyde 


Phthalaldehydic acid 


2-Benzaldehyde sulfonic acid (Na) 


4-Dimet hylaminobenzaldehyde 


237 


230-232 


195-198 


217 


275-276 


228 


290-292 


298 


248-250 


> 300 


195-197 


199-203 


277-279 


19&195 


244 


238-240 


> 300 


197-1 98 


190-1 91 


273-275 


> 300 


263-264 


C, 62.68 
H, 4.51 
N, 20.88 
C, 63.36 
H, 5.67 
N, 19.71 
C, 65.74 
H, 4.14 
N, 19.17 
C, 55.81 
H, 3.90 
N, 21.69 
c ,  57.35 
H, 4.44 
N, 20.58 
C, 58.73 
H, 4.93 
N, 19.57 
C, 49.24 
H, 3.10 
N, 19.14 
C, 42.75 
H, 2.69 
N, 16.62 
C, 55.82 
H, 3.90 
N, 21.69 
C, 55.82 
H, 3.90 
N, 21.69 
c ,  57.35 
H, 4.44 
N, 20.58 
C, 62.17 
H, 6.14 
N, 17.07 
C, 62.33 
H, 3.92 
N, 18.18 
C, 54.12 
H, 4.20 
N, 19.44 
C, 55.62 
H, 4.67 
N, 18.54 
C, 55.62 
H, 4.67 
N, 18.54 
C, 52.55 
H, 3.68 
N, 20.43 
C, 55.62 
H, 4.67 
N, 18.54 
C, 58.17 
H, 5.49 
N, 16.96 
c, 54.54 
H, 3.52 
N, 19.57 
C, 41.85 
H, 2.64 
N, 16.25 
C, 58.93 
H, 5.30 
N, 24.55 


C, 62.31 
H, 4.64 
N, 20.92 
C, 63.70 
H, 5.90 
N, 19.64 
C, 65.06 
H, 3.78 
N, 19.70 
C, 55.16 
H, 4.03 
N, 21.38 
C, 57.22 
H, 4.74 
N, 20.35 
C, 58.32 
H, 4.44 
N, 19.25 
c ,  49.43 
H, 3.27 
N, 19.64 
C, 42.86 
H, 3.01 
N, 16.90 
C, 55.69 
H, 4.21 
N, 21.66 
C, 56.46 
H, 3.68 
N, 21.33 
C, 57.68 
H, 4.33 
N, 20.82 
C, 62.08 
H, 6.00 
N, 17.21 
C, 62.48 
H, 4.14 
N, 18.09 
c, 54.33 
H, 4.31 
N, 19.11 
C, 55.85 
H, 4.66 
N, 18.54 
C, 55.69 
H, 4.45 
N, 18.07 
C, 52.66 
H, 3.85 
N, 20.46 
C, 55.32 
H, 4.77 
N, 18.86 
C, 58.02 
H, 5.53 
N, 16.67 
C, 54.18 
H, 3.64 
N, 19.40 
C, 41.18 
H, 2.88 
N, 15.97 
C ,  58.53 
H, 5.22 
N, 24.53 


~~~~ 


(Continued on next page) 
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Table I--(continued) 


Empirical --Anal., %----- 
Derivative of Aldehyde M.p. "C." Formula Calcd. Found 


C, 61.56 
H, 6.11 H, 5.96 
N, 22.35 N, 22.47 


C, 56.42 
H, 4.38 H, 4.58 
N, 23.41 N, 23.51 


Furfural 213-215 CioH~Naoa C, 51.72 C, 51.94 
H, 3.47 H, 3.43 
N, 24.13 N, 23.83 


Piperonal 195-200 CdLoN404 c ,  54.54 C, 54.20 
H, 3.52 H, 3.47 
N, 19.57 N, 19.20 


C, 41.66 
H, 4.93 H, 4.71 
N, 19.58 N, 19.09 


C, 41.70 
H, 5.10 H, 4.92 
N, 17.72 H, 17.35 


4-Diethylaminobenzaldehy de 150-151 Ci6Hi9N50z C, 61.32 


4-Acetaminobenzaldehy de 273-275 Ci4Hi3N503 C, 56.25 


Ribose 155 dec. CioHi4Ndh C, 41.96 


G 1 u c o s e 185-188 CiiHi6N407 C, 41.77 


4 All melting points are uncorrected and were determined on a Fisher-Johns melting point apparatus. * Degussa reported m.p. 226-228" (Beilstein, 
4th ed., 2nd Suppl. vol. 22, p. 488). 


testing procedures employed have been described previously (9). 
Among the fifty-one compounds, four derivatives, salicyaldehyde, 
4-chlorobenzaldehyde, 4-nitrobenzaldehyde, and 4-acetamino- 
benzaldehyde were found to exhibit significant inhibition against 
the S-180 mouse tumor system with the latter two compounds show- 
ing confirmed activity. The salicylaldehyde derivative showed 
slight activity against the adenocarcinoma 755 tumor in a dose of 
450 mg./kg. None of the compounds in the series showed any 
significant or reproducible antitumor effects in the L1210 mouse 
tumor system. The results of the biological tests supplied by the 


Table 11-Antitumor Activity of Certain 5-Nitro-2- 
pyridylhydrazones against Sarcoma 180 


Animal 
wt. Tumor 


Sur- Dif- wt., mg., 


Derivative mg./kg. Mice T/C Control 
Dose, vivors, ference, Test/ TIC, 


4-Nitrobenz- 
aldehyde 250 


185 
82.2 
41.1 
20.5 
10.2 


4-Acetamino- 
benzaldehyde 562 


500 
375 
250 


-0.1 48811730 
- 1 . 3  31711014 
-1.6 3711784 
-0.8 5081784 
-0.4 481/784 


0 696/784 


-3.8 335/7IO 
-2.8 333/1371 
-4.4 3421710 
-3.4 159/710 


28 
31 
47 
64 
61 
88 


47 
24 
48 
22 


Cancer Chemotherapy National Service Center are summarized in 
Table 11. 


Antibacterial Activity-In vitro bacteriostatic studies were per- 
formed on the fifty-one compounds with Staphylococcus aureus FD 
209 and with Mycobacteriurn tuberculosis B 103. None of the com- 
pounds exhibited any appreciable antibacterial activity. The highly 
active p-acetaminobenzaldehyde derivative was also studied by 
Y .  T. Chang of the Laboratory of Pharmacology and Toxicology, 
National Institutes of Health, for its effect on rat leprosy in mice 
and found to be inactive. In the light of the results with the p- 
acetaminobenzaldehyde and p-nitrobenzaldehyde derivatives as 
antitumor agents a test of their effectiveness in clinical tests is 
indicated. 
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Improved Procedure for Determination of Microamounts of 
Sulfamethazine and Procaine Penicillin Admixed with 
Chlortetracycline and p-Arsanilic Acid in Medicated Feeds 


MURUGAN MALAIYANDI and JEAN P. BARRETTE 


Abstract 0 An improved technique is presented for the separation 
and determination of both sulfamethazine and procaine penicillin 
in medicated feeds. This method utilizes diazotization of the free 
amino compounds with nitrite and coupling with the Bratton- 
Marshall reagent to produce a soluble red dye. The absorbance of 
this dye at 545 rns is measured. Results on six laboratory-mixed 
medicated feeds are reported. 


Keyphrases 0 Sulfamethazine-analysis, medicated feeds 0 Pro- 
caine penicillin-analysis, medicated feeds m TLC-separation 
0 Bratton-Marshall reaction--colorimetric analysis 0 UV spec- 
trophotometry-analysis 


Sulfamethazine and procaine penicillin in combina- 
tion with other drugs, such as chlortetracycline, tylosine, 
and p-arsanilic acid, are admixed in swine and cattle 
feeds for the prevention of infection associated with 


-332mm - 
n r  h 


2 0 0 m m  


Fritted disc II1 


hemorrhagic septicemia, swine dysentery, bacterial 
scours in calves (1) and coccidiosis in chickens (2). Ger- 
riets ( 3 )  observed that chickens fed with sulfamethazine- 
incorporated, riboflavin-deficient fodder developed typi- 
cal clinical riboflavin avitaminosis, and he concluded 
that in sulfamethazine therapy both riboflavin and vita- 
min Ks should be supplemented in the feed. It has been 
shown that the excretion of sulfamethazine is not com- 
plete and the concentration of the sulfa drug in bovine 
milk (4, 5) and plasma proteins ( 6 )  can be relatively 
high. Borsnk (7) noted that injection of sulfamethazine 
in hen eggs affected embryonic development, resulting 
in poor hatchability, several growth disturbances, and 
prenatal malformations. Because of these and other 
harmful side effects recorded in the literature, it has 
become necessary for the regulatory agencies to develop 
reliable analytical methods for estimating these drugs in 
feeds. 


Several reports have appeared in the literature con- 
cerning the separation and determination of sulfa- 
methazine and procaine penicillin in combination with 
other drugs, and these methods have been summarized 
in  a previous communication (8). The present paper de- 
scribes an improvement over the procedure outlined in 
the earlier method (8) for the estimation of sulfametha- 
zine and procaine penicillin, and their extraction from 
the adsorbent alumina is accomplished with consider- 
able saving of time. By this procedure, six laboratory- 
prepared samples containing varying amounts of 
p-arsanilic acid, chlortetracycline, sulfamethazine, and 
procaine penicillin have been extracted and the com- 
ponents separated cleanly from one another on thin- 
layer alumina plates and estimated spectrophotometri- 
cally. 


EXPERIMENTAL 


Apparatus-The extraction apparatus for eluting the drugs from 
thin-layer alumina is illustrated in Fig. 1. The alumina chromato- 
plates were prepared as previously described (9). 


Reagents-An analytical sample of sulfamethazine (m.p. 198- 
198.5") was obtained by crystallizing a technical sample' twice 
from a mixture of methanol-petroleum ether (b.p. 66-68") followed 
by a final recrystallization from benzene-petroleum ether (b.p. 
66-68') mixture. The sample was shown to be identical to an 
authentic sample by determination of mixed melting point, ele- 
mental analysis, Rf values, and IR and NMR spectra. From the 
UV absorption spectrum, the sample was found to be 99.8 Z pure. 


Procaine Penicillinz-Analytical standard was used without 
further purification. All organic solvents were glass-distilled. The 
alumina3 for thin-layer chromatography was processed according to 
the method of Malaiyandi et a/. (9) with plates activated at 120" 


V 
Figure 1-Extraction apparaius. 


1 American Cyanamid Co. 
2 Chas. Pfizer Co. 


Camag alumina supplied by Mondray Co. Ltd.. Montreal, Quebec, 
Canada. 
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instead of 14.5". Aqueous hydrochloric acid, 6 N ;  aqueous sodium 
nitrite solution, 1 .O % ; aqueous ammonium sulfamate solution, 
5.0 %; Bratton-Marshall reagent (aqueous N-( 1-naphthy1)ethylenedi- 
amine dihydrochloride), 0.1 %. The last three reagents were all 
freshly prepared each week and stored in a refrigerator (5"). 


W 
V 
Z 


K 


a 
m 0.200- 


2 
m a 


PROCEDURE 


Standard and Recovery Curves for Procaine Penicillin and 
Sulfamethazine-Standard Curve-Ten aliquots (in duplicate) con- 
taining known amounts of different concentrations of procaine 
penicillin and sulfamethazine in ethanol were transferred to sep- 
arate 50-ml. volumetric flasks. To these flasks was added 3.0 ml. of 
6 N HCl followed by 15 ml. of distilled water. The flasks were 
heated on a water bath at 70-80" for 15 min. and the ethanol was 
evaporated off with a gentle stream of nitrogen (about 45 min.). 
The solutions were diluted with 10 ml. water and estimated by the 
procedure described for the preparation of standard curve for 
p-arsanilic acid (9). 


Recovery Curve-A concentrated ethanolic solution containing 
known amounts of a mixture of procaine penicillin and sulfa- 
methazine was prepared. Eight aliquots (in duplicate) containing 
amounts varying from 10 to 200 mcg. of drugs were applied to 
thin-layer alumina plates (0.25-0.30 mm. thick) along with a clearly 
visible reference spot at one side of the plate. The plates were de- 
veloped as described in the earlier method (8).4 


The areas6 containing the drugs were separately scraped off the 
plate, and the adhering alumina was swept with a camel hair brush 
onto glazed paper. The alumina was transferred to the hot water- 
circulated extraction apparatus over a bed of prewashed methanol- 
moistened diatomaceous earth (Celite 545, about 1.5-2.0 cm. high). 
The drug was eluted with 175 ml. of hot 2.0% methanolic hydro- 
chloric acid. The eluate was evaporated using a rotary vacuum 
evaporator (bath temperature below 37") to a volume of about 15 
ml. The concentrate was quantitatively transferred to a 50-ml. 
volumetric flask with three rinsings of about 5-ml. portions of 
aqueous methanol. The flask was heated on a water bath at 70-80" 
and the methanol evaporated with a gentle stream of nitrogen. 
When the evaporation of methanol was complete, the contents of 
the flask were cooled, diazotized, and coupled with the Bratton- 
Marshall reagent as described previously. After 30 min. the solutions 
were diluted to volume, shaken thoroughly, and centrifuged. The 
absorbance was then measured and plotted to obtain the recovery 
curve. 


Preparation of Laboratory Premixes-Six laboratory-blended 
samples of medicated feed containing p-arsanilic acid, chlortetra- 
cycline, procaine penicillin, and sulfamethazine at levels ranging 
from 120 to 1250 mcg./g. of feed were prepared by grinding 50-g. 
portions of unmedicated feed with varying amounts of the four 
drugs in a Sorvall-Omni mixer. After mixing for about 5 min., 
the mixture was tumbled on a Fisher-Kendall mixer for about 15 
min. These operations were repeated twice and the sample was 
carefully transferred to a container which was then tumbled for 
1 hr. to achieve thorough mixing. 


Extraction of Drugs and Their Estimation-Two 1.0-g. portions 
(a1 and a1') and one 5.0-g. portion (a6) of the medicated feed were 
extracted with 50-55 ml. of a solvent mixture containing ammonium 
hydroxide-dimethylformamide-chloroform-ethanol (5 :5 :20 :20). 
(In the case of as, 200 ml. of the same solvent mixture was used.) 
After refluxing for about 8 hr. the warm extracts were filtered 
through a bed of diatomaceous earth and concentrated under 
reduced pressure to about 5 ml. (20 ml. in the case of a5). The con- 
centrates were then quantitatively transferred to 10-ml. (50 ml. in 
the case of a$) volumetric flasks with several rinsings with absolute 
ethanol and made to volume. Aliquots (4 X 250 pl.) of this extract 
were applied to a thin-layer alumina plate and developed, and the 
drugs were extracted and estimated as described in the previous 
section. 


4 If the humidity of the laboratory is very high, use of a 60:30:8 :2 
solvent mixture is recommended. When fresh dimethylamine solution 
is available, a 60:30:5:5 solvent composition is used. 


6 Along with the soIvent front, a fluorescent lipid band moved. This 
lipid ,band should be excluded to avoid intractable turbidity during 
centrifugation, 
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Figure 2-Standard and recovery curves for procaine penicillin. Key: 
0, standard curue; 0, recouery curve by precious merhod; and A, 
recovery curve by present method. 


RESULTS AND DISCUSSION 


The need for processed alumina and the choice of range of pH 
(7.2-7.4) of the adsorbent and the solvent systems to effect a clean 
separation of procaine penicillin and sulfamethazine from other 
drugs have been discussed in the earlier report (8). To avoid the 
laborious procedure of extraction of the drugs from the adsorbent 
alumina, a convenient technique was developed using a hot water- 
jacketed filtering funnel. By this expedient the alumina powder 
containing the drug was directly transferred over the bed of di- 
atomaceous earth in the filtering funnel. The drug was eluted with 
2 hot methanolic hydrochloric acid which, by circulating hot 
water in the jacket, was maintained above 50" during filtration. 


It had been previously observed that neither procaine penicillin 
nor sulfamethazine was completely recovered (88-91 %) (8) from 
adsorbent alumina. Being highly polar compounds, it is not sur- 
prising that some of the drugs were firmly adsorbed on the sub- 
strate. To evaluate the extent of elution by the current method and 
compare it with the method described earlier (8), eight aliquots 
(in duplicate) of a standard mixture containing varying amounts 
ranging from 10 to 200 mcg. of each drug were applied to thin- 
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Figure %Standard and recovery curves for sulfamethazine. Key: 
0, standard curve; 0, recovery curve by previous method; and A, 
recovery curve by present method. 
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Table I-Analysis of Procaine Penicillin and Sulfamethazine in 
Medicated Feeds 


Sample 
Procaine Penicillin, mcg./g. Sulfarnethazine, mcg./g. 
Added Found f SD Added Found fSD 


394 380 19.7 299 290 3 . 0  
373 5 . 0  286 3 .5  
386 13.6 285 5 . 2  


375 402 3 . 6  437 433 3 . 6  
395 5 . 0  438 3 .6  
390 10.0 435 5 .0  


161 180 11.6 288 295 1.0 
174 4 . 0  306 7 . 0  
186 8 .3  292 5 .7  


24 1 261 7 . 8  226 237 6 . 0  
275 3 .6  237 5 .0  
258 7 . 8  231 2 . 2  


529 541 9 . 0  1031 999 4 6 


1145 11.2 733 8 . 3  


layer plates, developed, extracted, and estimated. Also, 10 aliquots 
(in duplicate) of separate standard solutions of procaine penicillin 
and sulfamethazine were directly determined to obtain the standard 
curves. 


It can be seen from Fig. 2 that by the previous technique, extrac- 
tion of procaine penicillin at low levels was almost in agreement with 
the amounts obtained with the standards; whereas at levels above 
40 mcg., the recoveries were considerably poorer. This seems to 
indicate that with the former procedure the alumina was firmly 
retaining some of the drug. By the current technique, however, it 
is apparent that the recovery of the drug is very consistent, and 
better than 93 % recoveries are obtained in the range 10-200 mcg. 


Examination of Figs. 2 and 3 reveals that the recovery of sulfa- 
methazine by the previous procedure (91 %) was better than that of 
procaine penicillin. It is evident from Fig. 3 that more than 95% 
recovery of the sulfa drug was obtained by the current technique. 
By employing the present procedure, two 1-g. and one 5-g. portions 
of Sample a were analyzed and found to be homogeneous. 


To test the validity of the method, six laboratory-blended samples 
were analyzed and the averages of the results of two duplicate 
analyses of each sample are given in Table I. A close examination 


of the data reveals that the estimated contents of procaine penicillin 
are slightly higher than the amount actually added. The standard 
deviationB varies from &3.0 to 20.0 for the six samples, indicating 
that although the variation is large it is still acceptable. On the 
other hand, in the case of sulfamethazine the results are highly 
reproducible with exceedingly small standard deviations (within 
+ 10.0) and are in close agreement with the amounts actually added. 


A comparison of results of the two 1-g. and the 5-g. portions of 
each sample shows that there is complete agreement between these 
analyses. For routine work, a 5-g. sample extraction is recom- 
mended for the convenience in extraction and makeup of solutions. 
This extraction procedure can be profitably extended to many 
other estimations involving thin-layer chromatography. 
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Factors Affecting a Fluorometric Assay of Folic Acid 


JOHN R. HAZLETT and DANE 0. KILDSIG 


Abstract 0 A fluorometric method of assaying folic acid, based on 
the oxidation of folic acid by potassium permanganate, has been 
investigated. Various factors were found to affect the relative fluores- 
cence obtained in the assay. These include the concentration of 
potassium permanganate, the length of oxidation time, and the pH 
and temperature of the solution. 


Keyphrases 0 Folic acid-analysis 0 Potassium permanganate 
effect-folic acid fluorescence 0 pH effect-oxidized folic acid 
fluorescence 0 Temperature effect-oxidized folic acid fluorescence 
0 Fluorometry-analysis 


The oxidative degradation of folk acid by potassium 
permanganate yields a fluorescent pterine (1). As a 
result, this oxidation has been used in analytical pro- 
cedures for the quantitative determination of folic acid 


Table I-Final Fluorescent Intensity 
~ ~~~~~ ~ 


Concentration of KMn04 
(moles/l. X 10-6) Fluorescent Intensity (Fm) 


4.43 
6.33 
9.49 


31.6 


80.5 
78.0 
75 .0  
80.5 


(2,3). The formation of the free pterine derivative pro- 
vides an approximately 20-fold increase in fluorescent 
intensity over that of native folic acid fluorescence. 


In a comprehensive study, Allfrey et al. (2) measured 
directly the fluorescence of the oxidized mixture as well 
as that of the chromatographically isolated oxidation 
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Intermolecular Bonding of the Antibiotic Diumycin 


JOEL KIRSCHBAUM, WILLIAM A. SLUSARCHYK, and FRANK L. WEISENBORN 


Abstract 0 The closely related antibiotics diumycin A and B, with 
monomeric molecular weights of approximately 1800 daltons in 
ethanol, aggregate in aqueous buffers to form particles with a 
molecular weight (mol. wt.) of at least 32,000 daltons. The ag- 
gregate of diumycin is essentially unaffected by esterification of the 
acid, acetylation of hydroxyl groups, high ionic strength buffer, or 
variations in pH from 2.2 to 12.4. These results indicate that salt 
linkages and hydrogen bonds contribute only slightly to stabilize 
the aggregate. The aggregate may be disrupted by: (a)  the addition 
of such hydrophobic bond-breaking agents as buffered aqueous 
solutions of guanidinium chloride, urea, or formamide; (b)  the 
hydrolytic loss of a lipid side chain (mol. wt. about 400 daltons); or 
(c )  the addition of alcohols. The ability of an alcohol to disrupt the 
aggregate increases with its hydrocarbon content. From these data, 
it is concluded that lipid-lipid hydrophobic interactions are re- 
sponsible for the self-association of diumycin. The aggregate is 
spherical with a mantle of hydrophilic sugars, including glucose and 
glucosamine, surrounding a tangle of lipid side chains. 


Keyphrases 0 Diumycin-intermolecular bonding 0 Aggregates, 
diumycin A, B-ethanolic aqueous buffers Hydrogen, lipid- 
lipid hydrophobic bonding4iumycin 0 Sedimentation coefficients 
d i u m l c i n  0 Molecular weight-diumycin 


The diumycins are a family of closely related anti- 
biotics isolated from Streptomyces umbrinii 7, with for- 
mula molecular weights between 1700 and 2100 daltons, 
as determined by elemental analysis, including phos- 
phorus content (1). 


This paper concerns the ability of diumycin to ag- 
gregate in aqueous solvents, an ability shared by many 
natural products (2-5), and the source of intermolecular 
binding energy for such aggregation. 


EXPERIMENTAL 


Sources 0f Diumycin and Diumycin Derivatives-Diumycin 
A and B were isolated and characterized by Meyers et al. (1). 
Weisenborn et al. (6) prepared the derivatives of diumycin. Hy- 
drolysis of purified diumycin, with 1 M HCI at 100" for 30 min., 
yields a 358-dalton lipid (6). 


Sedimentation Coefficients-Sedimentation coefficients were 
determined with the aid of a Spinco model E analytical ultra- 


0 1 2  3 4 5 6 7 8 9 10 
rng. Diumycin/rnl. 0.2 M NaCI-0.02 M Sodium Phosphate Buffer, pH 6.85 


Figure 1- Dependence of the sedimentation coefiient of diumycin 
A on its concentration in 0.2 M NoCI-0.02 M sodium phosphate buf- 
fer, p H  6.85. 
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Figure 2-Molecular 
weight of diumycin A 
(I0 mg./ml.) in mixtures 
of ethanol and 0.2 M 
NaCI-0.02 M sodium 
phosphate buffer, pH 
6.85. 
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centrifuge, using a calibrated temperature-control unit. Viscosity 
was measured with the aid of capillary and Zimm viscometers (7). 
One-milliliter pycnometers were used for density measurements at 
20 i 0.002". Viscosity and density corrections were also taken 
from the data of Kawahsra and Tanford (8) for adjusting the sedi- 
mentation coefficients to standard conditions (9), which are the 
viscosity and density of water at 20". 


Molecular Weights-Molecular weights were determined by 
the Archibald approach-to-sedimentation eqtsilibrium method (lo), 
using 5 to 10 mg. solute/ml. solvent. The concentration gradients 
at the meniscus and cell bottom were measured from schlieren 
patterns recorded on Kodak metallographic plates and enlarged 
10-fold on a Nikon magnifier. Total concentration was measured 
with the aid of a capillary centerpiece in an interference cell. The 
integral of the concentration gradient was evaluated by the pro- 
cedure of Engelberg (1 1). The partial specific volume of 0.61 cm.% 
calculated for diumycin from density data using methodology de- 
scribed by Schachman (121, was decreased by 0.01 cm.% for 
calculations of molecular weight when buffered 8 M urea, 9 M 
formamide, or 5 M guanidinium chloride was used as the solvent 
(13). 


RESULTS AND DISCUSSION 
Although elemental analysis of diumycin, including the de- 


termination of phosphorus, indicates a molecular weight of ap- 
proximately 1900 daltons (l), the apparent molecular weight of 
diumycin in neutral pH buffer, at a concentration of 3 to 10 mg./ml., 
is 32,000 daltons (Table I). A minor component has an apparent 
molecular weight of 65,000 daltons. Dilution disrupts the aggregate 
(Fig. l),  with several species seen at concentrations below 3 mg./ml. 
(Table I). 


Aggregation in aqueous solvents is observed between pH 2.2 and 
12.4, as well as in 1 % sodium dodecyl sulfate (Table I). The in- 
effectiveness of sodium dodecyl sulfate as a disaggregating agent 
indicates little or no increase in net negative charge on diumycin 
due to binding of anions (14), with repulsive forces essentially un- 
changed. The methyl ester and acetate (10 M acetate/ 1 M diumycin) 
of diumycin aggregate in aqueous buffer with molecular weights 
of 32,000 and 38,000 daltons, respectively (Table I). The stability 
of the 32,000-dalton aggregate under these conditions indicates 
that ionic forces (noncovalent interactions between polar groups), 
including salt linkages (14, 15) and hydrogen bonds (16, 17), con- 
tribute only slightly to stabilize the 32,000-dalton aggregate. Some 
involvement of ionic forces is indicated by the molecular weight of 
17,000 daltons in 5 M NaC14.02 M phosphate buffer (pH 6.85) 
and the higher concentration of the 65,000-dalton aggregate than 
the 32,000-dalton aggregate at pH 2.2 and 4.05 (Table I), a re- 
versal of the relative concentrations of the aggregates that are 
found in solutions containing 0.2 MNaCI. 


Stabilization of the aggregate by hydrophobic bonding (18-20) 
and, in particular, by lipid-lipid hydrophobic bonding (21) is 
indicated by: (a)  the ability of the hydrophobic bond-breaking 
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Table I-Molecular Weights“ of Diumycin and its Derivatives in Various Solvents 


Molecular Weight, daltons 
Concentration, Major Minor 


A, Mixtureb 10-3 0.2 M NaCI-O.02 M Na phosphate 32,000 65,000 


A, Mixture 2-0.5 P“ 32,O:O 7,003 
A, Mixture 0.25 P C  1,600 
B 5 90% ethanol-lO% Pe 1,600 
B 5 P” 61 ,O:O 30,000 
Mixture 5 pH 2.2, glycine-HC1 buffer, 0.05 M 62,030 32,500 
Mixture 5 pH 4.05, acetate buffer, 0.1 M 65,030 27,030 
Mixture 5 pH 10.4, glycine-NaOH buffer, 30,200 


0 05 M 
Mixture 5 pH 12.4, glycine-NaOH buffer, 31,000 


0.2 M 
Mixture 5 Isotonic buffer, containing K+ 30,800 


Na+, Ca2+, Mg2+, C1-, SO4-, and 
POn’ 


Mixture 10 Sodium dodecyl sulfate in PC 64,000 
Methyl ester of diumycin A 5 90% ethanol-lO% Pc 1,800 


PC 31,030 
Acetate of diumycin A 5 P c  35,)C)O 
Mixture 5 5 M NaCl in 0.02 Mphosphate 17,020 


Mixture 5 95 % P-5 % mEthanol 34,010 67,000 
A, Mixture 5 95 % P-5 % ethanol 18,000 
Mixture 5 95 % P-5 n-propsnol 9,000 14,000 
Mixture 5 95 P-5 % n-butanol 3,  YO0 
A, Mixture 5 90% ethanol-lO% Pc 1,803 


Mixture 5 9 M formamide 1,600 
Mixture 5 8 M urea 1,900 
Partial 5 90% ethanol-lO% Pc 1,2-0 400 


hydrolysate 
of diumycin A PO 1,400 
(lipidless) 


a Precision is within 5 


Compound mg./ml. Solvent Component Component 


buffer, pH 6.85 (P.) 


buffer (pH 6.85) 


Mixture 5 5 M guanidinium chloride 3,603 1,930 


accuracy with 15 in low ionic strength solvents. * Mixture = diumycin A and diumycin B. c P is 0.2 M NaCI-0.02 M 
sodium phosphate buffer, pH 6.85. 


solvent systems of buffered 8 M urea, 9 M formamide, or 5 M 
guanidinium chloride to disrupt the aggregate (Table I); (b) the 
inability of a lipidless diumycin to aggregate (Table I); and (c) 
the increasing efficacy of alcohols as disaggregating agents as the 
length of their hydrocarbon portion increases (Table I). n-Butanol 
is the most effective and methanol is the least effective disaggregat- 
ing agent, as measured by the apparent molecular weight of diumy- 
cin in 95% NaC1-phosphate buffer-5% alcohol (ROH), where 
R = -CH,, -CH2CH3, -CH2CH2CH3, or -CHzCHzCH2CHa. 


The molecular weight of diumycin A (10 mg./ml.) in various 
mixtures of ethanol and 0.2 M NaC1-0.02 M sodium phosphate 
buffer (pH 6.85) is illustrated in Fig. 2. As the concentration of 
ethanol increases, the molecular weight decreases from 32,000 
daltons to 17,000, 10,000, 4000, and finally 2000 daltons. This 
indicates that : (a)  disaggregation proceeds by repeated halving of 
the molecule; (b) 16 subunits comprise the 32,000-dalton aggregate; 
and (c) the monomeric concentration term in an equilibrium ex- 
pression would have an exponent of 16 and 32 for the 32,000- 
dalton and 65,000-dalton aggregates, respectively, if it is assumed 
that the law of mass action is valid in these solvent systems. 


Table 11-Products of Acid Hydrolysis of Diumycin 


Glucose 
Glucosamine ( 2  equivalents) 
2-Amino- 1 ,3-cy~lopentanedione~ 
Acetic acid (2 equivalents) 
NHE (3 equivalents) 
Unknown sugar 
&POa 


[3,8,8-trimethyl-11- methylen- 12- (2,2- dimethyl- 6 - methylenecyclo- 
hexyl)-2,6-dodecadien-l-ol (diumycinol)] 


9 From diumycin A. 


750 0 Journal of Pharmaceutical Sciences 


Table I1 lists the products of the acid hydrolysis of diumycin 
which includes a 25-carbon lipid (3,8,8-trimethyl-1 1-methylen- 
12-(2,2-dimethyl-6-methylenecyclohexyl)-2,6-dodecadien-l-ol) and 
three hydrophilic sugars. The 32,000-dalton aggregate may be de- 
picted as a core of 16 interacting lipid side chains surrounded by 
the hydrophilic moieties. This picture is in accord with the X-ray 
diffraction studies of Luzzati (22), who found that such complex 
lipids as lysolecithin and phosphatidylethanolamine aggregated in 
aqueous solution. The aggregate became more spherical as the size 
of the hydrophilic portion increased. 


The 65,000-dalton aggregate may result from the ionic bonding 
(electrostatic interaction) of two 32,000-dalton aggregates. A less 
likely interpretation is that a second spherical conformation exists 
which can accommodate exactly twice the number of lipid side 
chains found in the 32,000-dalton aggregate. 
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Utilization of a Model Copolymer to Evaluate the Contribution 
of Hydrophobic Bonding in Drug Binding 


JANARDAN B. NAGWEKAR* and HARRY B. KOSTENBAUDER? 


Abstract A copolymer, having an overall composition of 1 unit 
of vinylpyridine to 26 units of vinylpyrrolidone, was synthesized. 
Several alkyl copolymers were made by quaternizing the nitrogen 
of vinylpyridine units of the copolymer with normal alkyl bromides, 
ethyl through hexyl. Using an equilibrium dialysis procedure, the 
interaction of p-toluene sulfonic acid sodium with each alkyl 
copolymer was studied over a temperature range of 15-45”, and 
the binding constants and thermodynamic parameters were deter- 
mined. The quaternized vinylpyridine units of the alkyl copolymers 
constituted the binding sites for the p-toluene sulfonate ions. The 
stability of the complex formed in the reaction increased with an 
increase in temperature from 15-37” but decreased at 45”. The 
binding process was found endothermic and associated with positive 
entropy effects, indicating that the polymeric model system de- 
scribed here demonstrated properties expected for hydrophobic 
bonding. The effect of urea on the binding of sulfonate ion by one 
of the alkyl copolymers was studied and found to be in keeping 
with the claim that urea breaks hydrophobic bond. 


Keyphrases Vinylpyridine-vinylpyrrolidone copolymers-syn- 
thesis 0 Equilibrium dialysis-copolymer-p-toluene sulfonic 
acid sodium interaction Binding sites-copolymer-p-toluene 
sulfonate ions Urea effect-alkyl copolymer binding sulfonate 
ions UV spectrophotometry-identity 


During the past 3 decades, several interactions have 
been reported which involved binding of drugs by 
plasma proteins; notable examples are penicillins (I), 
sulfonamides (2-5), methyl orange (6-7), and short- 
and long-chain fatty acids (8-14). In connection with 
these binding studies, it has been reported that the 
interactions primarily take place through ionic forces, 
but a further contribution to the stability of protein- 
drug complex is made by the hydrophobic part of a drug 
molecule. It has also been noticed that the larger the 
hydrophobic group of a drug molecule, the more 
stable is the complex. The contributions of hydrophobic 
groups is attributed to van der Waals forces. However, 
a close examination of the thermodynamic data has 


revealed that van der Waals interactions alone cannot 
account for the stabilizing effect of hydrophobic groups. 
It is felt that hydrophobic bonding probably plays an 
important role in drug-protein complexing. 


Hydrophobic bonding is a concept introduced by 
Kauzmann (19, who postulated its thermodynamic 
properties by extrapolating the behavior of small-size 
hydrocarbons in an aqueous medium. A hydrophobic 
bond is defined as the tendency of hydrophobic groups, 
mainly the hydrocarbons, to adhere to one another in 
an aqueous solution. The adherence of hydrophobic 
groups in an aqueous medium is not thought to be 
merely a manifestation of van der Waals forces; but the 
structure of water in close proximity to hydrophobic 
groups is believed to  play a significant role, since such 
adherence processes are accompanied by entropy 
effects. The concept of hydrophobic bonding was 
originated to indicate its contribution in stabilizing the 
folded configuration of globular proteins. On the basis 
of a physical model, Nemethy and Scheraga (16) have 
shown that a hydrophobic bond can be formed between 
two isolated side chains attached to  a rigid peptide 
backbone of protein. Attempts have been made to 
estimate the thermodynamic contribution of hydro- 
phobic groups to form a drug-protein complex, but the 
simultaneous contribution of protein molecules due to 
their “configurational adaptability” obscured such 
evaluation (17, 18). 


It is known that in the event of drug-protein inter- 
action, the thermodynamic activity of a drug in the 
body is reduced, the biological action of a drug is 
influenced, and even the metabolism and excretion are 
hindered. The extent of participation of hydrophobic 
bonding in exerting such effects is not completely 
understood. However, one may expect that the con- 
cept of hydrophobic bonding can be applied to advan- 
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and 3. Nevertheless, the authors consider that Reaction 3 is properly 
classified as a Phase 1 conversion (11). Although 4’-hydroxy- 
desalkylprazepam has not been identified, this compound, as well as 
oxazepam, may be a precursor to 4’-hydroxyoxazepam. Other routes 
to 4’-hydroxyoxazepam are also possible as stated in the legend of 
Scheme I. 


Another of the unidentified metabolites may be 2’-hydroxyoxaze- 
pam. It seems that aromatic hydroxylation in the ortho and para 
positions is catalyzed by different enzymes (12) and that the dog 
generally produces more of the ortho isomer (13, 14). The authors’ 
identification of the para hydroxy compound (4’-hydroxyoxazepam) 
in dog urine implies steric hindrance of the ortho (2‘) position. On 
the other hand, it is quite possible that some 2’-hydroxy ACB was 
present with the 4’-hydroxy ACB. Since the 2’-hydroxy compound 
is not available for study, the possibility cannot be excluded that the 
four solvent systems did not resolve 2‘- and 4’-hydroxy ACB. 


In the dog, a single Phase 2 reaction was observed, namely, 
conjugation with glucuronic acid. As far as could be determined, all 
of the 3-hydroxyprazepam was conjugated. Thus, a competitive 
situation would exist if 3-hydroxyprazepam were also converted to 
oxazepam, as seems likely. The data show that most of the oxaze- 
pam was conjugated. The presence of some free oxazepam is 
interesting and suggests intermediate ranking of the dog among 
species capable of forming 0-glucuronides. Although conclusive 
evidence is lacking, it is surmised that 4’-hydroxyoxazepam was 
also excreted mainly as a glucuronide. 


Unlike diazepam (7, 8) and oxazepam (4), some unaltered 
prazepam was excreted into the urine by dogs. Thus, dogs treated 
with prazepam circulate at least three compounds with tranquilizer 
activity, namely prazepam ( 1  5-18), oxazepam, and desalkyl- 
prazepam (19). 


CONCLUSIONS 


The radioactivity from 14C-prazepam administered to dogs was 
excreted slowly into the urine. Most of the drug was transformed, 
apparently by oxidative enzymes of the liver microsomes. The 
major drug metabolite was oxazepam glucuronide. Other glucu- 
ronides were formed from 3-hydroxyprazepam and 4’-hydroxyox- 
azepam. The urine collections also contained unaltered prazepam, 
desalkylprazepam, and unconjugated oxazepam. Prazepam is con- 
sidered to serve as the precursor to a series of metabolites with 
tranquilizer activity. 
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Gastric Absorption and Distribution of Acetylsalicylic 
Acid and Other Acidic Compounds in the Rat 


CLARENCE H. MORRIS, JOHN E. CHRISTIAN, TOM S. MIYA, and WARREN G .  HANSEN 


Abstract 0 A comparison was made of the gastric absorption and 
distribution of sodium acetylsalicylate-7-14C with the absorption 
and distribution of sodium salts of other weakly acidic compounds. 
Each of the other compounds observed had an absorption pattern 


salicylic acid and its salts may be associated with their ability to 
cause gastric ulcers. 


Keyphrases Acetylsalicylate-7-14C, Na~absorpt ion,  distribution 
0 Acidic compounds-acetylsalicylate-7-14C, Na-absorption, 
distribution comparison 0 Gastric lesion production-acetylsalicy- 
late-7-14C, Na, acidic compounds 0 TLC-analysis 0 Autoradi- 
ography-analysis 


which was characteristic for the compound. Only sodium acetylsa- 
licylate caused gastric lesions in the rat. The observations do not 
rule out the possibility that absorption characteristics of acetyl- 


It has been known for more than 50 years that oral 
administration of acetylsalicylic acid is followed by 
erosion of the gastric mucosa and bleeding from the site 
of the lesion (1). These aspirin-induced lesions have 
been observed in humans (l), dogs (2), cats (3), guinea 


pigs (4), and albino rats (5 ) .  A number of hypotheses 
have been suggested to explain the occurrence of these 
lesions. Davenport (6)  and Martin (7) have suggested 
chemical models based upon the interaction of the com- 
pound with cellular constituents following its absorption 
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Figure 1-Corpus mucosal surface showing lesions and areas of 
hemorrhage. 


into the cell. It became of interest to compare the ab- 
sorption of aspirin, which causes ulceration and bleed- 
ing in the corpus portion of the rat stomach, with the 
absorption of other weakly acidic compounds which do 
not cause ulceration and bleeding. 


MATERIALS AND METHODS 


The radiochemical purity of sodium acetyl~aIicylate-7-~~C, 
sodium benzoate-7-14C, sodium acetate-1- W ,  and sodium bar- 
bital-2-14C (Tracer Labs, Waltham, Mass.) was established by TLC 
employing a stationary p hase of silica gel G and a solvent system of 
low-boiling petroleum ether and 99 propionic acid. The location 
of the radioactive spots was determined by gross autoradiography. 


All animals were fasted for 36 hr. prior to administration of the 
compound. Water was allowed ad libitum during the fast but was 
withdrawn after administration of the compound. 


The compounds were administered orally to male Holtzman rats 
weighing between 150 and 275 g. (Holtzman Rat Co., Madison, 
Wis.) by means of a No. 16 curved steel oral catheter which had 
been dipped in mineral oil for lubrication. Each animal received a 
dose of 0.28 mmole of the selected compound per kg. of body 


10 30 60 90 120 
TIME, rnin. 


Figure 2-Average gastric lesion rating of six animals per time in- 
terval foIlowing oral administration of: A, sodium acetylsalicylate; 
0, sodium barbital; a, sodium acetate; and A, sodium benzoate. 
AN control animals had a rating of I. 
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Figure 3-Disappearance of labeled compounds from the corpus 
portion of the rat stomach. Key: A, sodium acetylsalicylate; 0, 
sodium barbital; 0, sodium acetate; and A, sodium benzoate. Each 
point represents the mean of three animals. To indicate the range of 
values around the averages shown in the plot, the minimum variation 
around any single point was 2.62 X 10-1, 1.98 X lo-', and 2.24 X 
10-1 (average 2.28 X IF1) pmoles per gram of tissue. The maximum 
variation around any single point was 1.94 X 1.06 X 1P2, 
and 5.13 X (average 4.95 X 1P2) pmoles per gram of tissue. 


weight. Each dose contained 30.5 pc. per kg. body weight of the 
14C-labeled compound diluted with the appropriate amount of 
carrier. The sodium acetylsalicylate was administered in 0.15 M 
citrate buffer, final pH 4.6. All other compounds were dissolved or 
suspended in a solution of 5 polyvinylpyrrolidone (PVP). Con- 
trol animals received 0.5 ml. of the respective vehicle. 


The rats were killed in groups of three by etherization at intervals 
of 5, 15, 30, 60, 90, and 120 min. following administration of each 
compound. The stomachs were removed, opened along the line of 
lesser curvature, stretched, and pinned on a large rubber stopper. 
The mucosal surface of each stomach was decontaminated with 
0.9 NaCl, examined for the appearance of lesions, and rated on an 
8-point scale developed by Morris et al. ( 5 ) .  


After being rated with respect to the severity of lesions, the 
stomachs were frozen in the stretched position with dry ice. Whole 
frozen stomachs were covered with plastic wrap (Saran), placed 
between two sheets of X-ray film (No Screen Medical, Eastman 
Kodak Co., Rochester, N. Y.), and stored in light, tight cassets 
at -20" for 60 days for gross autoradiography. 


Following exposure of the film, samples of frozen rumen (non- 
glandular portion of the rat stomach) and corpus (glandular portion 
of the rat stomach) were prepared for liquid scintillation counting 
(Tri-Carb liquid scintillation counter model 3003, Packard In- 
strument Co., La Grange, Ill.) as described by Morris et al. (5). 
The amount of compound present per gram of tissue was calculated 
for each sample according to the following expression: 


observed d.p.m. 
( W )  (SA)  (4 pmoles of compound/g. of tissue = 


where: W = wet weight of the tissue in grams; S A  = specific 
activity, d.p.m./mcg. of compound; and L = mcg. of compound) 
pmole. 


RESULTS 


Appearance of Lesions-Typical lesions as they appeared in the 
corpus portion of the rat stomach are shown in Fig. 1. It is of inter- 
est to note that the lesions appear in rows or furrows roughly paral- 
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Figure 6-Gross autoradiograph of mucosal surface of rat stomach 
120 min. following oral administration of14C-sodium benzoate. 
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Figure &Disappearance of labeled compounds from the rumen por- 
ti011 of the rat stomach. Key: A, sodium acetysalicylate; 0, sodium 
barbital; @, sodium acetate; and A, sodium benzoate. Each point repre- 
sents the mean of three animals. To indicate the range of values around 
the averages shown in the plot, the minimum variation around any 
single point was 4.27 X lo-=, 3.94 X and 3.94 X IF2 (average 
4.95 x lo-=) pmoles per gram of tissue. The maximum variation 
around arty single point was 1.12 X 1P2, 2.04 X IPZ, and 4.6 X 
IF3 (average 1.2 x IO+) pmolespergram of tissue. 


lel to the longitudinal axis of the stomach. Under the conditions 
employed in these experiments, such lesions occurred only in the 
corpus portion of the rat gastric mucosa. 


It may be seen in Fig. 2 that, of the compounds studied, only 
sodium acetylsalicylate caused gastric lesions in the rat. A mild 
erythema, rated as 2 on the scale, occurred in some cases after the 
administration of the other compounds. Formation of lesions was 
essentially maximal 60 min. after administration of sodium acetyl- 
salicylate. 


Concentration Study-The concentration in micromoles per gram 
of tissue of each l4C-labeled compound in gastric tissue was deter- 
mined at each time interval. It is seen in Fig. 3 that the concentra- 
tion of each compound in the corpus tissue diminishes rapidly with 
time. 


The levels of these compounds in the rumen are remarkably 
different from the levels in the corpus (see Fig. 4). The concentration 
of sodium barbital in rumen tissue increases with time during the 
first 30 min. after its administration. Its concentration then drops 


Figure 5-Gross autoradiograph of musocal surface of rat stomach 
120 miit. following oral administration of 'Csod ium acetylsalicylate. 


Figure I-Gross autoradiograph of mucosal surface of rat stomach 
120 min. following oral administration of 14C-sodium barbital. 
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Figure I-Gross autoradiograph of mucosal surface of rat stomach 
5 min. following oral administration of “C-sodium acetate. 


for the remaining time intervals. The concentration of sodium 
acetylsalicylate diminishes very slowly throughout the entire period 
of observation. The concentration of sodium acetate in rumen tis- 
sue remains essentially constant for the first 30 min. after its ad- 
ministration and then drops rapidly in a manner similar to that of 
sodium barbital. Sodium benzoate levels decrease rapidly with time. 


Distribution Study-Figures 5 through 10 show selected auto- 
radiographs of the mucosal surfaces. All stomachs are positioned 
such that the rumen is at the top of the figure. The compounds are 
localized in the rumen of all stomachs up to 120 min. following ad- 
ministration with the exception of sodium acetate. Sodium acetate 
disappears from both the rumen and the corpus within 60 min. 
following administration (Figs. 8-10). Sodium acetylsalicylate, 
sodium benzoate, and sodium barbital demonstrate gastric dis- 
tribution patterns similar to the pattern 0. acetylsalicylic acid re- 
ported by Morris e f  a/. (5). 


Figure 10-Gross autoradiograph of miicosal surface of rat stomach 
120 min. following oral administration of W-sodium acetate. 


SUMMARY AND CONCLUSIONS 


The data presented in Fig. 2 indicate a high incidence of lesions 
following the administration of sodium acetylsalicylate. These find- 
ings are in agreement with those reported by Morris et al. ( 5 )  who 
used acetylsalicylic acid. Sodium acetylsalicylate, sodium benzoate, 
and sodium barbital showed similar localization patterns. It is 
obvious from both the quantitative data and the gross autoradio- 
graphs that these three compounds disappear with time from the 
corpus hut remain in relatively high concentrations at all observed 
time intervals in the rumen portion. By contrast, the results of the 
autoradiographic localization and the tissue analysis of sodium 
acetate indicate a relatively rapid disappearance from both the 
rumen and corpus. 


It should he emphasized that the concentration values reported 
represent a specific concentration at the designated time following 
administration, and that this value is a function of the penetration 
of the compound from the lumen into the tissue, possible metah- 
olism, binding, absorption into the bloodstream, reabsorption from 
the blood into the stomach tissue, and possible loss of activity from 
the tissue into the lumen following tissue damage. Although this 
study does not provide an explanation of gastric ulcerationzhy 
aspirin, the observations do not rule out the possibility that ab- 
sorption characteristics of acetylsalicylic acid and its salts may be 
associated with their ability to cause gastric ulcers. Since sodium 
acetylsalicylate administration results in lesion formation and ad- 
ministration of the other compounds studied did not result in 
lesion formation, it becomes difficult to escape the conclusion that 
absorbed sodium acetylsalicylate interacts with the corpus tissue or 
its secretions in some manner which is different from the interaction 
of the other weak acids. In addition, since lesions appeared only 
in the corpus, through which sodium acetylsalicylate penetrates 
and is absorbed, and not in the rumen, where the compound re- 
mains localized, it appears that the processes involved in penetra- 
tion and absorption play a role in the mechanism of lesion forma- 
tion. Investigations into the nature of the interactions between 
sodium acetylsalicylate and corpus and rumen tissue are presently 
in progress. 


REFERENCES 


(1) M. J. H. Smith and P. K.  Smith, “The Salicylates. A Critical 
Bibliographic Review,” Interscience, New York , N. Y., 1966, p. 
236. 


Figure 9-Gross autoradiograph of mucosal surface of rat stomach 
60 min. following oral administration of I4C-sodium acetate. 


328 0 Journal of Phnrmciceutical Sciences 







(2) J. W. Hurley and L. A. Crandall, Gastroenterology, 46, 


( 3 )  L. A. Roth, “Salicylates, An International Symposium,” 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 25, 1969, from the Bionucleonics and Pharmacology 
36(1964). 


A. St. J ,  Dixon el a[., Eds., Little, Brown, Boston, Mass., 1963, and Of and Pharrnacal 
Sciences, Purdue University, La fayette, IN 47907 


Accepted for publication October 16, 1969. 
Presented in part to the Pharmacology and Biochemistry Section, 


A P ~ A  Academy ofpharmaceutical sciences, Miami Beach meeting, 
May 1968. 


Research conducted under the auspices of the Institute for En- 
vironmental Health. 


p. 224. 
(4) Ibid., p. 217. 
(5) E. Morris, A. A. Noujaim, T. S. Miya, and J.  E. Christian, 


(6)  H. W. Davenport, Gastroenterology, 46, 245(1964). 
(7) B. K .  Martin, Nature, 198, 896(1963). 


J.  Pharrn. Sci., 56, 896(1967). 


Quantification of the Binding Tendencies of 
Cholestyramine 11: Mechanism of Interaction 
with Bile Salt and Fatty Acid Salt Anions 


WILLIAM H. JOHNS and THEODORE R. BATES 


Abstract 0 The binding of a series of conjugated bile salt and fatty 
acid salt anions to cholestyramine from aqueous media was in- 
vestigated and the data were plotted according to the Langmuir ad- 
sorption equation. Increases in affinity constants were noted as the 
number of hydroxy substituents on the bile salt-ring structure de- 
creased. An increase in the chain length of the fatty acid salt caused 
a corresponding increase in the affinity constant, whereas an in- 
crease in the extent of unsaturation in the fatty acid chain produced 
a reduction in the affinity constants for the fatty acid-cholestyramine 
interaction. Apparent surface tension-lowering properties of the 
adsorbate molecules were found to parallel the affinities obtained 
for both classes of adsorbate molecules, with the exception of the 
fatty acid anion, linoleate. Based on the results of these studies, it is 
suggested that the binding mechanism involves a primary electro- 
static component reinforced by a secondary nonelectrostatic inter- 
action, the strength of the latter force being dependent on the de- 
gree of hydrophobicity of the adsorbate molecule. 


Keyphrases 0 Cholestyramine binding-quantification 0 Bile 
salts, fatty acid salt anions-cholestyramine interaction mechanism 
IJ Surface tension values-affinity constants, correlation-bile 
salts 0 Hydrophobic character relationship, adsorbate--cholesty- 
ramine binding UV spectrophotometry-analysis 


In previous work with the anionic exchange resin 
cholestyramine (I), the authors studied the effect of 
the physiologic electrolytes, sodium chloride and bi- 
carbonate, on the binding process of bile salt anions to 
cholestyramine. The dihydroxy bile salt anions studied 
were noted to be insignificantly affected in their ex- 
tent of interaction with the resin, while the trihydroxy 
bile salt anion-cholestyramine interactions were mark- 
edly reduced in the presence of an added electrolyte. 
These results suggested that a secondary, nonelectro- 
static, type of interaction was taking place at  the ad- 
sorption site. 


The observation that structurally different bile salt 
anions exhibit varying types, as well as extents, of 
binding to cholestyramine is of biologic significance 
in that an appreciation of the possible modes of interac- 
tion could ultimately contribute to an enhancement in 


the efficiency of this pharmacologically important 
resin. 


The purpose of this study was to elucidate the nature 
of this secondary binding mechanism and the effect of 
adsorbate structure thereon. In order to accomplish 
this, the binding tendencies of a selected series of glycine- 
conjugated bile salts and various physiologic fatty 
acid salts to cholestyramine were investigated. 


EXPERIMENTAL 


Materials-The sodium salts of glycocholic acid,’ glycodeoxy- 
cholic acid, 1 glycodehydrocholic acid, 1 glycolithocholic acid, 
lauric acid,z and oleic acid3 were dried in vacuo for at least 48 hr. 
prior to use. The sodium salt of linoleic acid3 was prepared by 
reacting equimolar quantities of the acid with sodium ethylate in 
absolute alcohol. The resulting salt was washed several times with 
absolute alcohol, dried at room temperature, and subjected to 
vacuum desiccation. The cholestyramine4 employed in this study 
was of pharmaceutical grade (1). Reagent grade concentrated sul- 
furic acid, glacial acetic acid, hydrochloric acid, chloroform, sodium 
hydroxide, copper nitrate, n-butanol, and diethyldithiocarbamate 
were used as received. 


Procedure for Adsorption Studies-A series of aqueous solutions 
of each bile salt and fatty acid salt was prepared over the concentra- 
tion range of 0.75-5.0 millimolar (mM).5 Twenty-five-milligram 
samples of cholestyramine were accurately weighed and placed into 
50-ml. glass-stoppered conical flasks, together with a 25.0-ml. 
portion of the adsorbate solution. At each concentration, a control 
flask was prepared containing a similar quantity of the solution 
under study but no cholestyramine. These latter control solutions, 
which were assayed concomitantly with the solutions exposed to 
cholestyramine, were used to prepare the required Beer’s law plots. 


1 Grade A. Obtained from Calbiochem Co.,  Los Angeles, Calif. 
2 Obtained from Eastman Organic Chemicals, Rochester, N. Y. 
a Obtained from Fisher Scientific Co., Fair Lawn, N. J. 
4 Supplied by Merck and Co., Inc., Rahway, N. J. 
6 All systems exhibited complete solution over the concentration 


range studied, with the exception of the higher concentrations of gly- 
colithocholate, which showed slight turbidity. Adsorption, being a 
dynamic process, would tend to increase the apparent solubility of a 
relatively insoluble material by removing molecules from solution and 
thereby promoting solution of any undissolved material. 
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Synthesis of New Hydrazidines with Vasoconstrictor Activity 


GEORGE C. WRIGHT*, ROBERT P. HALLIDAY, and CHARLES S. DAVISt 


I1 10-200 


NH 


Abstract c] A series of hydrazidines with a structural similarity to 
the guanidines of the guanethidine series was synthesized. The 
observation that the hydrazidines raised blood pressure led to their 
screening as nasal decongestants. The most active compound, 3- 
(hexahydro-lH-azepino)propionimidic acid hydrazide dihydro- 
chloride, was less potent than phenylephrine hydrochloride. 


Keyphrases 0 Hydrazidines-synthesis 0 Vasoconstrictive activity 
-hydrazidines 0 Hypertensive activity-hydrazidines 


VII 
0 
/I 


(CzHdA" HzNMICH 
VIII 


<zoo 
NH 0 


A series of hydrazidines with a structural similarity 
to the guanidines of the guanethidine series (1) was 
prepared for screening as antihypertensive compounds. 
The observation that the amino-substituted imidic acid 
hydrazides (111) raised blood pressure led to the screen- 
ing of these compounds as nasal decongestants. In this 
paper the name hydrazidine refers to  the general class of 


compounds, -C(=N)N-N=; specific types are 
named according to the system of Chemical Abstracts. 


Several disubstituted aniinoacetimidic acid hy- 
drazides (IIIu-c, Table I) were prepared by a niodi- 
fication (Method A )  of Kauffmann's procedure (2) for 
the synthesis of aliphatic hydrazidines. 


I 1  


1. R(CH3,CN NH 
NaH 11.' II 


H,NNH2 - [NaNHNHzI T~ + R(CHz),CNHNH2 
111 


Method A 


Certain limitations to Method A have been observed. 
The reaction did not occur with acetonitriles possessing 
a labile a-hydrogen atom which could yield a resonance 
stabilized anion, as in the case of 2-phenyl-2-(2-pyridyl)- 
acetonitrile. In the case of 3-aminopropionitriles (IV), 
the competitive retrograde Michael reaction (a) was 
dependent upon the nature of the amino substituent 
(R,N-). When R,N- was incapable of resonance stabili- 
zation, competition was nil, and the desired hydrazidine 
V was formed. With R2N- capable of resonance stabiliza- 
tion, e.g. CsH5N-Et, however, the amine VI was a 
primary product of the reaction. 


R2NCH2CH2CN + NaNHNR', e R2NCHkHCN + H2NNRI2 
(a) 


IV Jt 
'NH RZN- + CHezCHCN 


-1 H20 
RzNH 


II 
RzNCH2CHzCNR'z 


V VI 


A variety of substituted iniidic acid hydrazides 
(IIId-i, Table I) has been prepared via a modified 
procedure (Method B )  of Westermann et al. (3), through 
the intermediate N-formamidoalkylamidines (IXu-f, 
Table 11). Method B affords a safer preparation of the 
hydrazides (111) than Method A ,  where metastable 
sodium hydrazides are formed as intermediates. 


PHARMACOLOGIC RESULTS 


All of the hydrazidines that were tested (Table 11) for their effect 
on nasal volume were less active than phenylephrine hydrochloride. 
The most active compound was IIIg which caused marked changes 
in nasal volume with relatively little effect on systemic blood pres- 
sure. Although these studies are preliminary in nature and involve 
few animals, a tentative order of decreasing potency of the com- 
pounds may be listed as IIIg > IIIf > IIIh > IIIc > IIIi > IIIb > 
IIId. Thus, the 3-disubstituted aminopropionimidic acid hydrazides 
appear to be the most potent compounds prepared. 


EXPERIMENTAL 


Chemistry 


2-(Hexahydro-lH-azepino)acetimidic Acid Hydrazide Dihydro- 
chloride, I I Ic (Method  &-The reaction was conducted with 
special equipment and precautions as described by Kauffmann 
et al. (2). The main modification was the substitution of sodium 
hydride for sodamide in the generation of sodium hydrazide (I), 
affording a more rapid and reliable reaction with acetonitrile 
(11, n = 1). 


Thus, to  a mixture of 50% NaH (14.4 g., 0.30 mole) dispersed in 
mineral oil and dry ether (300 ml.) was added dropwise a solution 
of anhydrous hydrazine (9.6 g., 0.30 mole) in dry ether at 0-5"; 
this then was warmed to 10-15" over a 2-hr. period. The gray 
suspension was cooled to  0-5", and treated dropwise with a solution 
of azepinoacetonitrile (41.4 g., 0.30 mole) in dry ether. The resultant 
creamy white suspension was warmed to  15" for 1.5 hr., cooled 
to  &5' and treated with HzO (14 ml.). The reaction mixture was 
stirred for 1 hr., and then filtered. The ethereal filtrate was dried 
(Na2S04), concentrated, and distilled to  give 17.4 g. (29%) of the 
free base; b.p. 114126" (0.34.5 mm.). 


The dihydrochloride (IIIc) was prepared by treating the free base 
in acetonitrile at 60" with a saturated solution of hydrogen chloride 
in acetonitrile. The salt suspension was heated to boiling, cooled, 
and filtered. Recrystallization from ethanol gave white crystals. 


Merhod B-The method of Westermann et al. (3) was employed 
with several modifications. The methyl imidates VII rather than 
ethyl imidates were used since the intermediate nitrile hydrochlo- 
rides encountered in the preparation of the imidates were readily 
soluble in methanol. To ensure anhydrous conditions the semi- 
stable imidates were stored in a vacuum desiccator overnight. 
The commercially available formic acid hydrazide (VITI), which 
contained water, was unacceptable for the preparation of Com- 
pounds IX. Anhydrous VIlI was prepared as follows. 


Formic Acid Hydrazide (VII IFTo a solution of anhydrous 
hydrazine (960 g., 30 moles) in anhydrous ethanol (3.7 1.) was 
added ethyl formate (2220 g., 30 moles) at 20-25" during 2 hr. 
with mechanical stirring. The stirring was continued an additional 
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Table I-Amino-Substituted Hydrazidines 


Yield, -Anal., %--- 
No. R n Method Z M.p., "C.a Formula Calcd. Found 


111 


R(CHz),CNHNHz 


NH 
/I 


a 


h 


C 


d 


e 


g 


h 


i 


IX 
NH 0 
II I 


R(CH~),CNHNH~H 
a 


h 


C 


d 


e 


1 


1 


1 


1 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


1 


46b 


206 


29b 


6SC 


47c 


9OC 


73" 


3 6c 


72" 


32d 


29d 


45d 


35d 


40d 


42 


175-1 77 


200-201 


195-196 


199-201 


158-159 


179-1 80 


182-184 


164-166 


180-181 


18-1 20 


57-159 


59-160 


65-1 67 


166-1 67 


126-128 


c ,  33.19 
H, 8.36 
N, 25.80 
C, 36.73 
H, 7.98 
N, 24.52 
C, 39.51 
H, 8.29 
N, 23.04 
C, 48.90 
H, 6.52 
N, 17.12 
C, 29.56 
H, 7.94 
N, 27.58 
C, 39.63 
H, 8.31 
N, 23.11 
C ,  42.02 
H, 8.62 
N, 21.78 
C, 44.30 
H, 8.92 
N, 20.65 
C, 34.30 
H, 7.40 
N, 22.82 


C, 37.02 
H, 7.77 
N, 28.78 
C ,  39.86 
H, 7.43 
N, 20.66 
C,  42.10 
H,  7.78 
N, 19.64 
C, 44.15 
H, 8.08 
N, 18.72 
C, 35.18 
H, 6.64 
N, 20.51 
C, 55.68 
H,  6.37 
N, 17.71 


33.26 
8.46 


25.84 
36.65 
7.92 


24.38 
39.51 
8.55 


22.99 
49.07 


6.49 
17.13 
29.82 


7.99 
27.58 
39.74 


8.29 
23.00 
42.32 
8.55 


21.83 
44.32 


8.84 
20.92 
34.33 
7.40 


22.60 


36.90 
7.83 


28.81 
39.90 
7.42 


20.53 
42.27 
7.62 


19.48 
44.23 
8.11 


18.75 
35.15 
6.79 


20.35 
55.54 
6.15 


17.77 


Q Melting points were determined on a Fisher-Johns (hot stage) apparatus and are uncorrected. Yield of free base; based on nitrile (11). c Yield 
based on N-formamidoamidine OX). d Yield of hydrochloride; based on nitrile 01). 


0.5 hr. The product was filtered on cloth (S/26 Jaybeeco Chain 
Weave); and the cake was kept wet with cold, anhydrous ethanol 
until all of the slurry was on the filter, after which it was protected 
from air with a rubber dam. The product was dried in a vacuum 
desiccator over CaCI2 and finally over P205; m.p. 55-56", yield: 
115&1330 g. (64-742). A second crop was obtained by concen- 
trating the mother liquor under NZ to about 500 ml.; m.p. 54-56' 
[lit. (4) m.p. 54"], yield: 305-470 g. (17-26z). 


Methyl 3-Dimeth ylaminopropionimidate Dih ydrochloride-A so- 
lution of 3-dimethylaminopropionitrile (88.0 g., 1.05 moles) in 
absolute methanol (700 ml.) was treated with dry hydrogen chloride 
at 10-20" over 3 hr. until saturated. The reaction was diluted with 
dry ether, and the resultant white crystalline product was collected 
by filtration and washed with dry ether (1 I.); m.p. 99-100" [lit. 
(5) m.p. 100" dec.]. yield: 118 g. ( 5 5 7 3 .  Both dilution and filtration 
operations were conducted in a dry box. 
N-Formamido-3-dimethylaminopropionamidine Hydrochloride 


( I X a h T o  a mixture of methyl 3-dimethylaminopropionimidate 
dihydrochloride (105.0 g., 0.52 mole) and absolute ethanol was 
added dropwise triethylamine (78 ml., 0.57 mole) at 2-4" with 


rapid stirring, under an atmosphere of dry Nn. Then formic acid 
hydrazide (35.0 g., 0.58 mole) was added at 4-7" during 1 min. 
The temperature was held at 5-7" for 15 min., and allowed to rise 
gradually to 13" over 25 rnin., and finally to  23" over 2.5 hr. The 
mixture was cooled to lo", and the solid product was collected 
and washed with ethanol and ether. Recrystallization from 95% 
ethanol (300 ml.) gave white crystals. 


3-Dimethylaminopropionimidic Acid Hydrazide Dihydrochloride, 
JIIe-To N-formamido-3-dimethylaminopropionamidine hydro- 
chloride (90.0 g., 0.46 mole) was added 270 ml. of a cold solution of 
dry hydrogen chloride in methanol. The reaction mixture was 
allowed to warm to room temperature over 40 min. The solid 
product was collected, and washed with ethanol and ether. Re- 
crystallization from methanol (300 ml.) gave white crystals. 


Pharmacology 


Volume changes in the nasal cavity were measured utilizing a 
modification of the method of Jackson (6). Mongrel dogs were 
anesthetized with sodium pentoharbital, 35 mg./kg., i.v., and a 
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Table 11-Vasoconstrictor-Hypertensive Activity 


Blood Pressur- 


mg./kg. Duration, Duration, mg./kg. Change, Duration, 
Dose, -Nasal Volume--- -Blood Pressure- Dose, 


 NO.^ 1.V. A mm.3 min. A mm. Hg min. l.v. z min. 


I11 
a 
b 


d 
e 
f 
R 
h 


C 


1 


1 .o 
1 .o 


b 


f 3 0 0  6 $15 
t 5 0 0  14 t 4 5  


10 + 25 5 
6 
5 


5.0 + 80 14 - 25’ >14 -~ 
1 .o +240 10 $ 5  5 10 $22 45 
1 .o $580 17 + 50 >17 
0.5 + 680 9 + 20 9 
1 .o +ma 13 +20 13 10 + 100 45 
5.0 +530 36 t 3 7  20 


Phenylephrine hydrochloride 
0.01 733 9 + 30 9 


a Refers to compound numbers in Table I and in the text. * Nasal volume changes were not measured for this compound. c Doses of 10 to 100 
mg./kg. did not produce consistent blood pressure effects. 


tracheotomy performed. A femoral artery was cannulated for blood 
pressure recording. A 22.9-cm. (9-in.) metal rod fitted with a small 
rubber ball was passed into the dog’s mouth to the soft palate so that 
the ball pressed against the wall of the nasopharynx. A glass nose 
cannula was then inserted into a nostril, and a clamp was applied to 
hold the cannula in place and to seal the other nostril. The cannula 
was connected to a Grass PT-5A volumetric low pressure transducer, 
and the volume (pressure) changes of this cavity were measured. 
In some experiments only blood pressure was monitored. All 
compounds were administered intravenously 
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Gas Chromatographic Determination of Chlorphenesin in Plasma 


J. F. DOUGLAS, J. A. STOCKAGE*, and N. B. SMITH 


Abstract 0 A procedure is described for the determination of 
chlorphenesin in plasma. Chlorphenesin is extracted from plasma 
with chloroform, reacted with bis-(trimethylsily1)-acetamide, and 
the silylated derivative is measured quantitatively by gas chroma- 
tography. The technique is reproducible and accurate in the range 
of 1-10 mcg./ml. Dibutyl phthalate is used as internal standard for 
quantitation by the relative peak height method. 


Keyphrases 0 Chlorphenesin in plasma-determination 0 Plasma, 
analysis+hlorphenesin 0 GLC-analysis 0 Dibutyl phthalate- 
internal standard 


Chlorphenesin (3-p-chlorophenoxy- 1 ,Zpropanediol) 
has been shown to suppress immunological response in 
a number of animal systems (1-3) and to inhibit the 


release of histamine from sensitized human leucocytes 
by ragweed antigen (4). Although chlorphenesin has 
been known since 1949 and a number of procedures 
have been described in the literature for the analysis 
of chlorphenesin (5, 6 )  or chlorphenesin carbamate (7), 
none are sufficiently sensitive to measure the presence 
of chlorphenesin in biological fluids after therapeutic 
doses. Procedures for the quantitative analysis in 
plasma of a closely related compound, mephenesin 
[3-(o-tolyloxy)-l,2-propanediol], have been reported by 
Titus et al. (8) and by Wyngaarden et al. (9).  However, 
these analyses depend upon diazotization or nitration 
of mephenesin at the para position of the phenol ring 
and are not applicable to chlorphenesin which contains 
a chlorine atom at this location. 
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Table I-Analysis of Procaine Penicillin and Sulfamethazine in 
Medicated Feeds 


Sample 
Procaine Penicillin, mcg./g. Sulfarnethazine, mcg./g. 
Added Found f SD Added Found fSD 


394 380 19.7 299 290 3 . 0  
373 5 . 0  286 3 .5  
386 13.6 285 5 . 2  


375 402 3 . 6  437 433 3 . 6  
395 5 . 0  438 3 .6  
390 10.0 435 5 .0  


161 180 11.6 288 295 1.0 
174 4 . 0  306 7 . 0  
186 8 .3  292 5 .7  


24 1 261 7 . 8  226 237 6 . 0  
275 3 .6  237 5 .0  
258 7 . 8  231 2 . 2  


529 541 9 . 0  1031 999 4 6 


1145 11.2 733 8 . 3  


layer plates, developed, extracted, and estimated. Also, 10 aliquots 
(in duplicate) of separate standard solutions of procaine penicillin 
and sulfamethazine were directly determined to obtain the standard 
curves. 


It can be seen from Fig. 2 that by the previous technique, extrac- 
tion of procaine penicillin at low levels was almost in agreement with 
the amounts obtained with the standards; whereas at levels above 
40 mcg., the recoveries were considerably poorer. This seems to 
indicate that with the former procedure the alumina was firmly 
retaining some of the drug. By the current technique, however, it 
is apparent that the recovery of the drug is very consistent, and 
better than 93 % recoveries are obtained in the range 10-200 mcg. 


Examination of Figs. 2 and 3 reveals that the recovery of sulfa- 
methazine by the previous procedure (91 %) was better than that of 
procaine penicillin. It is evident from Fig. 3 that more than 95% 
recovery of the sulfa drug was obtained by the current technique. 
By employing the present procedure, two 1-g. and one 5-g. portions 
of Sample a were analyzed and found to be homogeneous. 


To test the validity of the method, six laboratory-blended samples 
were analyzed and the averages of the results of two duplicate 
analyses of each sample are given in Table I. A close examination 


of the data reveals that the estimated contents of procaine penicillin 
are slightly higher than the amount actually added. The standard 
deviationB varies from &3.0 to 20.0 for the six samples, indicating 
that although the variation is large it is still acceptable. On the 
other hand, in the case of sulfamethazine the results are highly 
reproducible with exceedingly small standard deviations (within 
+ 10.0) and are in close agreement with the amounts actually added. 


A comparison of results of the two 1-g. and the 5-g. portions of 
each sample shows that there is complete agreement between these 
analyses. For routine work, a 5-g. sample extraction is recom- 
mended for the convenience in extraction and makeup of solutions. 
This extraction procedure can be profitably extended to many 
other estimations involving thin-layer chromatography. 
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Factors Affecting a Fluorometric Assay of Folic Acid 


JOHN R. HAZLETT and DANE 0. KILDSIG 


Abstract 0 A fluorometric method of assaying folic acid, based on 
the oxidation of folic acid by potassium permanganate, has been 
investigated. Various factors were found to affect the relative fluores- 
cence obtained in the assay. These include the concentration of 
potassium permanganate, the length of oxidation time, and the pH 
and temperature of the solution. 


Keyphrases 0 Folic acid-analysis 0 Potassium permanganate 
effect-folic acid fluorescence 0 pH effect-oxidized folic acid 
fluorescence 0 Temperature effect-oxidized folic acid fluorescence 
0 Fluorometry-analysis 


The oxidative degradation of folk acid by potassium 
permanganate yields a fluorescent pterine (1). As a 
result, this oxidation has been used in analytical pro- 
cedures for the quantitative determination of folic acid 


Table I-Final Fluorescent Intensity 
~ ~~~~~ ~ 


Concentration of KMn04 
(moles/l. X 10-6) Fluorescent Intensity (Fm) 


4.43 
6.33 
9.49 


31.6 


80.5 
78.0 
75 .0  
80.5 


(2,3). The formation of the free pterine derivative pro- 
vides an approximately 20-fold increase in fluorescent 
intensity over that of native folic acid fluorescence. 


In a comprehensive study, Allfrey et al. (2) measured 
directly the fluorescence of the oxidized mixture as well 
as that of the chromatographically isolated oxidation 
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Figure I-Effect of KMn04 concentration on the fluorescent in- 
tensity of .folic acid solutions. Key: 0, 2.54 X lo+ molesll.; @ ,  
4.43 X molesll.; 8, 9.49 X molesll.; and c), 3.16 X 


molesll. 
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Figure 2-Decrease in maximum fluorescence with increasing KMflOa 
concentration. 


product. Their simplest direct procedure was valid only 
over the narrow pH range of 3.9 to  4.4, and there was no 
evidence of fluorescence dependence on potassium 
permanganate concentration. In the present investiga- 
tion, this direct method is more thoroughly investigated 
with respect to the influence of the potassium perman- 
ganate concentration on fluorescent intensity. 


EXPERIMENTAL 


The fluorescence measurements were made on an Aminco-Bow- 
man spectrophotofluorometer. Excitation maxima were found at 
275 and 375 mp with maximum fluorescence observed at 445 mp, 
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Figure 3--First-orderplots of the oxidation of folic acid with varying 
coticetitrcition of'KMnO4. Key: 0, 2.54 X I O P  molesll.; @, 6.33 X 


moles/l.; and 8 ,9 .49  X 1 P  molesll. 
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Figure 4-Log-log plot of the initial rate of the oxidation reaction 
as affected by the concentration of KMnOa. 


To determine the effect of KMn04 concentration on the fluores- 
cent intensity of folic acid solutions, the concentration of KMn04 
was varied from 2.54 X to 4.43 X moles/l. All solutions 
contained 4.53 X moles/l., of folic acid and were buffered at 
pH 8.12 with a borate buffer. The spectrophotofluorometer was 
standardized and the fluorescence measured at 25 O. The standard 
solution was obtained by filtering the oxidized folic acid solution to 
remove the residual manganese dioxide, resulting in a clear colorless 
solution. If necessary, 1.0 ml. of 3 hydrogen peroxide was added to 
reduce the remaining KMn04. 


RESULTS AND DISCUSSION 


Oxidation of Folic Acid-The oxidation of folic acid may be 
followed by determining the increase in fluorescence of the solution 
due to the formation of a pterine.1 The increase in fluorescent in- 
tensity as related to the concentration of KMn04 is shown in Fig. 1. 
The rate of fluorophor formation is seen to increase with increasing 
concentration of KMn04. However, as the concentration is in- 
creased above 4.43 X 10-5 moles/l., the total magnitude of the 
fluorescence decreases. The decrease in maximum fluorescence with 
increasing KMnOa concentration is shown in Fig. 2. This decrease in 
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Figure 5-Effect of p H  on the fluorescent intensity of the folic acid 
oxidation product. Key: - - -, excitation 375 mp; and --, excitation 
275 mp. 


1 2-Amino-4-hydroxy-6-carboxypteridine (Reference I ) .  
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Figure 6-Eflect of temperature on the fluorescent intensity of fhe 
fofic acid oxidation product. 


fluorescence is probably due to quenching by the MnOz formed dur- 
ing the reaction. This effect of KMn04 concentration probably was 
not observed by Allfrey et ai. (2) because of the magnitude of the 
KMn04 concentration used (1.23 X 10-3 moles/l.). 


A plot of the logarithm of the difference F, - Ft, where F,  is the 
final fluorescence and Ft is the fluorescence at time t ,  is shown in Fig. 
3. The linearity of the plot indicates the reaction is first order with 
respect to folic acid. The value of F, used in this plot was obtained 
by allowing the solutions to equilibrate for 48 hr. and filtering the 
solutions to remove the MnOn. In some cases, 1.0 ml. of 3 %hydrogen 
peroxide was added to reduce any remaining KMn04. The resulting 
divalent manganese ions do not appear to quench the fluorescence 
of the oxidation product. The values obtained for F, are shown in 
Table I. The close agreement of the final values, essentially indepen- 
dent of KMn04 concentration, justifies the use of the expression 
F, - Ft in the logarithmic plot. 


The order of the reaction with respect to KMn04 can be deter- 
mined from the slope of a plot of log initial rate of reaction versus 
log KMn04 concentration as shown in Fig. 4. The slope of this 
line, 0.986, indicates a first-order reaction with respect to KMn04. 
The effect of quenching is seen at the highest concentration. The 


mechanism of this oxidation reaction, which is apparently second 
order, is being investigated. 


Fluorescence versus pH-The effect of pH on the fluorescence of 
the oxidized folk acid is shown in Fig. 5. The existence of a plateau 
between pH 7 and 9 differs from the narrow plateau between pH 3.9 
and 4.4 previously reported (2). This again could be due to the 
greater concentration of KMn04 used in the earlier investigation, 
1.23 X moles/l., which as seen in Fig. 2 would have resulted in 
a considerable decrease in the fluorescent intensity. The increase in 
fluorescence near pH 11 may be due to the ionization of the lactim 
hydrogen of the pterine. 


Fluorescence versus Temperature-As discussed by Udenfriend 
(4), fluorescence can be very sensitive to temperature. The effect of 
temperature on the fluorescence of the oxidation product is shown 
in Fig. 6. The greatest temperature dependence occurs between 20 
and 28’ and represents an error of approximately 2 % per degree. 


CONCLUSIONS 


The oxidation of folic acid with KMn04 has been found to pro- 
duce a fluorescence whose magnitude is dependent on the concentra- 
tion of KMn04. An optimum concentration of KMn04 was found, 
above which a decrease in fluorescence occurred due to quenching. 
The time required for maximum fluorescence also varied with the 
concentration of KMn04. As expected, both pH and temperature 
markedly influenced the fluorescence obtained, the optimum pH 
being between 6 and 9. 
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Utilization of a Model Copolymer to Evaluate the Contribution 
of Hydrophobic Bonding in Drug Binding 


JANARDAN B. NAGWEKAR* and HARRY B. KOSTENBAUDER? 


Abstract A copolymer, having an overall composition of 1 unit 
of vinylpyridine to 26 units of vinylpyrrolidone, was synthesized. 
Several alkyl copolymers were made by quaternizing the nitrogen 
of vinylpyridine units of the copolymer with normal alkyl bromides, 
ethyl through hexyl. Using an equilibrium dialysis procedure, the 
interaction of p-toluene sulfonic acid sodium with each alkyl 
copolymer was studied over a temperature range of 15-45”, and 
the binding constants and thermodynamic parameters were deter- 
mined. The quaternized vinylpyridine units of the alkyl copolymers 
constituted the binding sites for the p-toluene sulfonate ions. The 
stability of the complex formed in the reaction increased with an 
increase in temperature from 15-37” but decreased at 45”. The 
binding process was found endothermic and associated with positive 
entropy effects, indicating that the polymeric model system de- 
scribed here demonstrated properties expected for hydrophobic 
bonding. The effect of urea on the binding of sulfonate ion by one 
of the alkyl copolymers was studied and found to be in keeping 
with the claim that urea breaks hydrophobic bond. 


Keyphrases Vinylpyridine-vinylpyrrolidone copolymers-syn- 
thesis 0 Equilibrium dialysis-copolymer-p-toluene sulfonic 
acid sodium interaction Binding sites-copolymer-p-toluene 
sulfonate ions Urea effect-alkyl copolymer binding sulfonate 
ions UV spectrophotometry-identity 


During the past 3 decades, several interactions have 
been reported which involved binding of drugs by 
plasma proteins; notable examples are penicillins (I), 
sulfonamides (2-5), methyl orange (6-7), and short- 
and long-chain fatty acids (8-14). In connection with 
these binding studies, it has been reported that the 
interactions primarily take place through ionic forces, 
but a further contribution to the stability of protein- 
drug complex is made by the hydrophobic part of a drug 
molecule. It has also been noticed that the larger the 
hydrophobic group of a drug molecule, the more 
stable is the complex. The contributions of hydrophobic 
groups is attributed to van der Waals forces. However, 
a close examination of the thermodynamic data has 


revealed that van der Waals interactions alone cannot 
account for the stabilizing effect of hydrophobic groups. 
It is felt that hydrophobic bonding probably plays an 
important role in drug-protein complexing. 


Hydrophobic bonding is a concept introduced by 
Kauzmann (19, who postulated its thermodynamic 
properties by extrapolating the behavior of small-size 
hydrocarbons in an aqueous medium. A hydrophobic 
bond is defined as the tendency of hydrophobic groups, 
mainly the hydrocarbons, to adhere to one another in 
an aqueous solution. The adherence of hydrophobic 
groups in an aqueous medium is not thought to be 
merely a manifestation of van der Waals forces; but the 
structure of water in close proximity to hydrophobic 
groups is believed to  play a significant role, since such 
adherence processes are accompanied by entropy 
effects. The concept of hydrophobic bonding was 
originated to indicate its contribution in stabilizing the 
folded configuration of globular proteins. On the basis 
of a physical model, Nemethy and Scheraga (16) have 
shown that a hydrophobic bond can be formed between 
two isolated side chains attached to  a rigid peptide 
backbone of protein. Attempts have been made to 
estimate the thermodynamic contribution of hydro- 
phobic groups to form a drug-protein complex, but the 
simultaneous contribution of protein molecules due to 
their “configurational adaptability” obscured such 
evaluation (17, 18). 


It is known that in the event of drug-protein inter- 
action, the thermodynamic activity of a drug in the 
body is reduced, the biological action of a drug is 
influenced, and even the metabolism and excretion are 
hindered. The extent of participation of hydrophobic 
bonding in exerting such effects is not completely 
understood. However, one may expect that the con- 
cept of hydrophobic bonding can be applied to advan- 
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tage in drug formulation for purposes of: (a) enhancing 
the stability of certain drugs by complexation with 
biologically suitable agents capable of forming hydro- 
phobic bonds with drug molecules, and (b)  manipulating 
the release rate of drugs incorporated in a sustained- 
release dosage form. This necessitates extensive under- 
standing of the properties of hydrophobic bonding. 
Recently, certain model systems have been studied 
to determine the thermodynamic parameters of hydro- 
phobic bond formation. These model systems consisted 
of the adsorption of short-chain fatty acids by poly- 
styrene resin at 4" (19), dimerization of small-chain 
fatty acids at 25" (20), and the interaction of phenol 
with short-chain fatty acid anions at  25" (21, 22). 
None of these model systems includes a water-soluble 
polymeric system containing definite sites for hydro- 
phobic bond formation with suitable small molecules. 
I t  was the purpose of this study to devise such a model 
polymeric system that would make possible the evalua- 
tion of the contribution of hydrophobic bonding. 


MODEL SYSTEM 


The proposed model system consists of ptoluene sulfonic acid 
sodium (PTSAS) salt and a series of relatively simple, water-soluble 
copolymers containing definite sites for hydrophobic bonding. The 
interactions of this system are intended to be studied by equilibrium 
dialysis. Since the model copolymers considered here are not avail- 
able commercially, they were synthesized in the laboratory. This 
research project therefore constitutes two distinct phases: (a) 
synthesis and characterization of a model copolymer and its deriva- 
tives, and (b) binding studies to determine thermodynamic func- 
tions of hydrophobic bonding for the model system. 


The copolymer is made from two types of monomers, 4-vinyl- 
pyridine (hereafter called vinylpyridine) and N-vinyl-2-pyrrolidone 
(hereafter called vinylpyrrolidone); its overall composition is de- 
signed to contain about 30 units ofvinylpyrrolidone to 1 unit ofvinyl- 
pyridine. Several alkyl copolymers are prepared by quaternizing 
the nitrogen of vinylpyridine units of the copolymer with an 
appropriate n-alkyl bromide of a homologous series. The alkyl 
bromides used are bromoethane through bromohexane. The 
quaternized units of the copolymer would be expected to constitute 
the binding sites. 


The interactions of PTSAS with each alkyl copolymer were 
studied at different temperatures using equilibrium dialysis, and 
the thermodynamic constants were determined. From such data 
the energy contribution of the methylene groups of the alkyl chain 
is estimated. 


The choice of the model system used was made on the basis of 
the following considerations. PTSAS is a salt of a strong acid and 
strong base and will remain completely ionized in aqueous solu- 
tion. Being an aromatic compound, the complicating feature of 
micelle formation which occurs with long-chain, aliphatic, water- 
soluble species (23) can be avoided. Also, PTSAS is amenab!e to 
sptxtrophotometric assay. 


Since the phenomenon of hydrophobic bonding has to be studied 
in aqueous solution, the copolymer employed for this purpose 
must be water soluble. A copolymer composed mainly of poly- 
vinylpyrrolidone might be expected to be water soluble even when a 
large fraction of binding sites is occupied. Since both monomers, 
vinylpyridine and vinylpyrrolidone, are equally reactive, the com- 
position of a copolymer formed should approximate the composi- 
tion of the feed of reaction (24), which in this case is 1 part of vinyl- 
pyridine to 30 parts of vinylpyrrolidone. It may then be reasonably 
expected that, in this copolymer, any 2 vinylpyridine units would be 
separated by about 25-35 units of vinylpyrrolidone (Structure I). 


It is reasoned that the interaction of negatively charged p-toluene 
sulfonate ions takes place only with positively charged quaternized 
vinylpyridine units of the copolymer. Thus, the quaternized units 
represent the binding sites. Electrostatic binding is designed to bring 
the sulfonate ions sufficiently close to the quaternized units to facil- 
itate hydrophobic bonding taking place between the hydrophobic 


portion of the sulfonate ion and the alkyl group of a quaternized 
vinylpyridine unit. [See Structure I for a schematic representation 
of the structure of a copolymer molecule showing two vinylpyridine 
units (quaternized with R = ethyl through hexyl bromide) sepa- 
rated by about 26 units (n)  of vinylpyrrolidone.] The binding energy 
involved in such interactions is due to two factors, electrostatic 
binding and hydrophobic bonding. Since all alkyl copolymers are 
prepared from the same parent copolymer, the charge density of 
each alkyl copolymer is probably not significantly different, and 
the energy contribution of electrostatic binding in all cases should 
remain the same. Therefore, the difference in the binding energy 
that may be shown in the binding of p-toluene sulfonate ion to 
various alkyl copolymers can be attributed to the difference in the 
hydrophobicity of alkyl chains attached to the quaternary nitrogen 
of vinylpyridine units. 


The distance between adjacent binding cites on the polymer is 
such that the binding of a sulfonate ion to one site does not sig- 
nificantly influence the binding of another ion to the next site. 


A potential complicating factor in the interpretation of energetics 
of binding is a possible secondary interaction of the sulfonate ion 
with the backbone of a copolymer which is primarily composed of 
polyvinylpyrrolidone. However, the difference in affinity of the 
anions for the quaternized site and for the copolymer backbone 
probably would be sufficient to permit isolation of the respective 
interactions. It is further believed that this tendency of secondary 
binding will be considerably reduced if the sulfonate ion, like other 
anions of similar molecular size (23), requires participation of as 
many as 10 units of vinylpyrrolidone for its binding. 


The purpose of studying the system in 5 M urea solution was to 
provide additional means to test the validity of the present model 
system, since urea is known to weaken hydrophobic bonding (1 5 ,  
25, 26). 


SYKTHESIS .AND CHARACTERIZATION OF A 
RIODEL COPOLYMER AND ITS DERIVATIVES 


The main characteristics desired of the model copolymer are: 
(a) it should be water soluble; (b) its molecular size should be large 
enough to render it nondiffusible to the cellophane membrane 
employed during the binding studies; and (c) its molecular com- 
position is such as to contain about 30 units of vinylpyrrolidone to 
1 unit of vinylpyridine. 


Through a series of systematic experiments, the conditions 
necessary to yield the copolymer of desired properties were deter- 
mined. Accordingly, 2.7 moles of vinylpyrrolidone and 0.095 mole 
of vinylpyridine (distilled at 45" under reduced pressure) were 
dissolved in about 260 g. of alcohol. To this solution was added 
7.4 g. of a,a-azobis-isobutyronitrile previous'y dissolved in 40 g. 
of acetone. The reaction mixture was contained in a 2.5-1. capacity 
bottle with a bakelite stopper. Nitrogen gas was bubbled into the 
reaction mixture for 15 min. and the bottle was stoppered. The 
copolymerization was carried out with constant stirring at 60" 
using a heating plate equipped with a magnetic stirrer. When the 
reaction mixture became quite viscous in about 4 hr., the stirring 
was discontinued, but the heating was continued at 50" for another 
36 hr. The reaction mixture was diluted with about 1600 ml. of 
acetone and fractionated by adding ether. Three fractions of the 
copolymer were obtained subsequent to the addition of about 
850-, 750-, and 500-ml. quantities of ether, in that order. The second 
fraction was collected, dissolved in 2.5 1. of distilled water, 
filled into several cellophane tubes, and placed in a tank containing 
8 gal. of distilled water for dialysis. The water in the bath was being 
constantly stirred and was replaced with freshly distilled water every 
24 hr. Dialysis was continued for 4 days until no copolymer was 
detected in the water outside the tubes. The tubes were removed 
from the bath, and the contents were concentrated by blowing warm 
air over the bags. The concentrated copolymer was dissolved in a 
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mixed solvent containing 1230 ml. of acetone and 150 ml. of ethanol. 
The copolymer was precipitated with 1500 ml. of ether, which was 
added to the copolymer solution in 100-ml. portions with constant 
stirring. The viscous mass thus obtained was separated by de- 
cantation of ether. The polymer phase was further precipitated by 
adding to it 500 ml. of ether with constant stirring. The ether layer 
was decanted. The copolymer precipitate was then washed twice 
with ether, using 500 ml. of ether each time. The copolymer was 
dried at 60" under reduced pressure. 


Analysis of Copolymer-Polyvinylpyrrolidone, when present in an 
acidic medium, does not absorb in the UV region. However, the 
copolymer shows a characteristic absorption maximum at 254 mp. 
Therefore, it was necessary to synthesize polyvinylpyridine, which 
would serve as a reference compound for the quantitative deter- 
mination of the vinylpyridine content in a known amount of co- 
polymer by a spectrophotometric method. Polyvinylpyridine was 
synthesized by polymerizing vinylpyridine (freshly distilled at 45 
under reduced pressure) using the conditions similar to those used 
for the synthesis of the copolymer. A linear relationship observed 
between the concentration of polyvinylpyridine and absorbance 
is shown in Fig. la. This offered an effective analytical tool to 
quantitate the amount of vinylpyridine present in a given quantity 
of copolymer. The Beer plot obtained for the copolymer is shown 
in Fig. lb. With reference to the standard plot (Fig. la), it was 
calculated that the copolymer contained 26 units of vinylpyrrolidone 
to 1 unit of vinylpyridine. For the sake of convenience, the com- 
position of the copolymer may be expressed as 1 :26. 


Alkyl Copolymers-Twenty grams of copolymer (1 :26) was dis- 
solved in 120 g. of nitromethane, and an appropriate quantity of 
alkyl bromide was added. The quantity of each alkyl bromide, 
from 1-bromoethane through 1-bromohexane, used was 16, 18, 
30, 34, and 40 g., respectively. The reaction was carried out at 70" 
with constant stirring for 4 days in a closed glass container. The 
reaction mixture was brought to room temperature and poured 
in a thin stream within 15 min. into 1 1. of ether to precipitate 
the alkyl copolymer. The mixture was constantly stirred during the 
precipitation. The ether was decanted and the precipitate was 
dissolved in a mixture of 200 ml. of acetone and 20 ml. of ethyl 
alcohol. The solution was added to 500 ml. of ether to precipitate 
the alkyl copolymer. The ether was decanted, and the alkyl co- 
polymer thus obtained was washed three times with 200-ml. por- 
tions of ether and dried at 50" under reduced pressure. 


Assay of Alkyl Copolymer-The bromide content of the quater- 
nized copolymer was quantitatively determined by a potentiometric 
titration method using 0.01 N silver nitrate solution as a titrant 
(27). From knowledge of the bromide content in a given quantity 
of alkyl copolymer, the proportion of quaternized units of vinyl- 
pyridine was calculated. 


The composition of each alkyl copolymer is expressed in terms of 
units of vinylpyrrolidone present to 1 quaternized unit of vinyl- 
pyridine. The composition of various alkyl copolymers is recorded 
in Table I. In those cases where the alkyl copolymers are shown to 
contain more than 26 units of vinylpyrrolidone to 1 unit of vinyl- 
pyridine, all the vinylpyridine units were not quaternized by the 
respective alkyl bromide. However, it was experimentally demon- 
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Figure 1-The Beer plots of absorbance against concentration of 
synlhesized polyvinylpyridine (a) and 1:26 copolymer (b) in diluted 
hydrochioric acidat 254 mp. 


Table I-Composition of the Alkyl Copolymers Expressed 
in Terms of Number of Vinylpyrrolidone Units to One Quaternized 
Vinylpyridine Unit 


Copolymer Composition 


Ethyl 
Propyl 
Butyl 
Pentyl 
Hexyl 


1 :26 
1 :29 
1 :29 
1 :30 
1 :27 


strated that the binding sites are represented solely by the quater- 
nized units of vinylpyridine. Since the difference between the 
molecular weight of vinylpyridine (mol. wt. 105) and that of vinyl- 
pyrrolidone (mol. wt. 11 1) is small, and since the unquaternized 
vinylpyridine unit does not constitute a binding site for the sulfo- 
nate ion, it is not unreasonable to equate an unquaternized vinyl- 
pyridine unit to a vinylpyrrolidone unit while determining the com- 
position of the alkyl copolymers in terms of units of vinylpyrroli- 
done present to 1 quaternized unit of vinylpyridine, as shown in 
Table I. 


Copolymers of composition I :20 and 1 :34 were also synthesized, 
and only the hexyl derivatives were prepared. 


EXPERIMENTAL 


Materials-Ethyl copolymer (1 :26), propyl copolymer (1 :29), 
butyl copolymer (1 :29), pentyl copolymer (1 :30), and hexyl co- 
polymer (1 :20, 1 :27, and 1 :34) were synthesized in the laboratory. 
p-Toluene sulfonic acid sodium salt1 was recrystallized from ace- 
tone-water solution. Sodium chloride (reagent grade); urea USP; 
and cellophane membrane2 were used. 


Solution of Alkyl Copolymer-A 2 x  (w/v) solution of eachalkyl 
copolymer was prepared in 0.1 M sodium chloride solution (distilled 
water). A 2 x (w/v) solution of pentyl copolymer was also prepared 
in 5 M urea. 


Solution of p-Toluene Sulfonic Acid Sodium (PTSAS) Salt-The 
0.01, 0.015, 0.02, 0.025, and 0.03 M solutions of PTSAS were p r e  
pared in 0.1 M sodium chloride solution. The ionic strength of each 
solution was adjusted to 0.13 with NaCl. Similar solutions were also 
prepared with 5 M urea. 


Dialysis Procedure-Each dialysis cell consisted of two Plexiglas 
blocks, 6.3 X 6.3 X 2.6 cm., each half with a cavity having a 
capacity of 20-ml. Threaded Plexiglas plugs provided access to the 
cell cavities. To assemble the cells, a cellophane membrane pre- 
viously freed of water-soluble material was clamped between the 
two symmetrical halves. Solutions were pipeted into each cavity 
as required ; the stoppers, fitted with polyvinyl chloride washers, 
were screwed in tightly. The cells were then rotated at 9 r.p.m. 
in a water bath maintained at 15, 22, 30, 37, or 45 f 0.2". The 
system attained equilibrium within 44 hr. The cells were then 
removed from the bath, and the contents from the nonpolymer side 
of each cell were immediately transferred to a 20-ml. container 
provided with a cap. After the solution attained room temperature, 
each solution was analyzed for PTSAS by a spectrophotometric 
method. 


Assay Method-PTSAS was assayed with a Beckman DU spec- 
trophotometer at 261 mp. Two milliliters of the sample solution was 
diluted to 50 ml. with distilled water and its absorbance noted 
using water as a blank. To correct for any spectral contribution 
of trace quantities of diffused macromolecule, dialysis cells were 
set up containing the solution of an appropriate alkyl copolymer 
on one side of the membrane and 0.13 M sodium chloride solution 
on the other side. 


RESULTS 


To ascertain that only the quaternized vinylpyridine units of an 
alkyl copolymer represented the binding sites, the interaction of 
0.02 M PTSAS with each of three hexyl copolymers of composition 
1 :20, 1 :27, and 1 :34 was studied. The concentration of each hexyl 
copolymer was expressed in terms of its hexyl-4-vinylpyridinium 


1 Eastman Organic Chemicals, Rochester, N. Y. 
2 Visking Cellulose Casing, Viscing Corp.. Chicago, 111. 
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bromide content. (This practice of expressing concentration was 
also adopted with other alkyl copolymers.) A plot of concentration 
of hexyl copolymer versus moles of bound PTSAS was made as 
shown in Fig. 2. The linear plot obtained clearly indicates that the 
binding of sulfonate ions by the alkyl copolymer is a function of the 
concentration of quaternized vinylpyridine units of the latter. 


The binding data obtained at various temperatures for each alkyl 
copolymer derivative were treated according to Eq. 1 (6): 


(Eq. 1) I/r = 1/1iKa + 1/11 


where r is the number of moles of PTSAS bound per mole of an 
alkyl copolymer, n is the number of binding sites per mole of the 
alkyl copolymer, K is the binding constant (liter/mole), and a is the 
molar concentration of free PTSAS at equilibrium. From the slope 
( l /nK) and intercept (l/n), the binding constant, K, was evaluated. 
The straight lines of the plots were obtained by the method of least 
squares. Typical Langmuir plots obtained in the studies are 
shown in Fig. 3. The binding constants are listed in Table 11. 


The resulting straight lines indicate that each sulfonate anion 
binds to an identical group present in the alkyl copolymer and that 
the electrostatic repulsion between sulfonate ion already bound to 
one site and that bound to the next binding site is negligible. 


It was noticed that in none of the cases was the intercept of Fig. 3 
equal to unity, indicating that all the binding sites of an alkyl 
copolymer are not available for interaction with the sulfonate ions. 
It is likely that a few binding sites remain buried within the macro- 
molecule, because the positively charged binding sites are so widely 
spaced that absolute rigidity of the macromolecule cannot be 
attained to prevent it from coiling completely. It also appears that 
the extent of availability of the binding sites partly depends on 
temperature, since out of every 10 binding sites, 7 to 8 sites at 15" 
and 22", 8 to 9 binding sites at 30" and 45", and 6 to 7 binding sites 
at 37" are available for the interaction. Although the number of 
available binding sites was not the same at all the temperatures 
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tained .for binding of 
PTSAS by ethyi co- 
polymer, 0; and hexyl 
copolymer, e; at 30". 
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Table II-Binding Constants for the Interaction of PTSAS with 
Various Alkyl Copolymers over the Temperature Range of 1 5 4 5 '  


__-_- Binding Constant, K, I./mol--- 
Copolymer 15 22 30 O 37 O 45 


Ethyl 46.00 - 46.66 50.00 32.70 
Propyl 61.00 - 85.70 102.14 61.30 
Butyl 52.84 54.56 55.00 63.28 42.56 
Pentyl 62.80 - 111.00 127.20 58.00 
Hexyl 63.36 85.84 94.80 108.08 68.60 


studied, the number of binding sites available at any one particular 
temperature was essentially the same for all the alkyl copolymers. 


Thermodynamic Functions-From the data in Table I1 (excluding 
the data obtained at 45") a plot of log K versus 1/T was made 
(Fig. 4). The linear curves (least squares) obtained indicated that 
over the range 15-37" the enthalpy of binding is constant. The 
data obtained at 45" are discussed later. From the slope ( - A H /  
2.303) of the linear curve, the enthalpy of binding, AH, was calcu- 
lated. The free energy of binding, AF, was calculated from the 
following relationship : 


A F =  - R T I n K  (Eq. 2) 
Finally, the entropy of binding, AS, was calculated from the follow- 
ing expression: 


The thermodynamic constants obtained for the alkyl copolymers 
are listed in Table 111. 


When the corresponding binding constant, K, is plotted against 
the alkyl copolymer of the ascending homologous series, an ascend- 
ing zigzag curve is obtained (Fig. 5). The binding constants of the 
alkyl copolymers with an odd number of carbon atoms in the alkyl 
chain are higher than those of the alkyl copolymers with the next 
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Figure &Plots of logarithm of binding constant vs. reciprocal of 
absolute temperature for the interaction of PTSAS with ethyl 
copolymer, u; propyl copolymer, 0; butyl copolymer, e; pentyl 
copolymer, A; and hexyl copolymer, 0; over the temperature range 
Of 15-37". 
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Table 111-Thermodynamic Parameters of Binding for the Interaction of PTSAS with Various Alkvl CoDolvmers 


Copolymer 15" 


AH, cal./mole AS, e.u. 
AF, cal./mole- Temp. R y g e  Temp. Range - 


22 a 30 ' 37 a 45 O 15-37 15-37" 


2316 2414 2205 458 9.21 Ethyl 2193 - 


2683 2853 2602 4068 22.32 Propyl 2354 - 
Butyl 2272 2345 2430 2558 2372 1373 12.64 


2837 2987 2567 561 1 27.77 Pentyl 2372 - 
Hexyl 2377 261 3 2743 2888 2674 4728 24.41 


Table IV-Binding Constants and Thermodynamic Parameters of Binding for the Interaction between PTSAS and Pentyl Copolymer in 
the Absence and in the Presence of 5 M Urea over the Temperature Range of 15-37" 


K, I./mole -AF, cal./mole AH, AS, e.u. 5 MUrea 15" 30 37" 15" 30 O 37" cal./mole 


Absent 62.8 111.0 127.2 2372 2837 2987 561 1 27.77 
Present 29.2 40.0 44.0 1932 2221 2331 3433 18.62 


even number of carbon atoms. This zigzag pattern is seen to exist 
at all the temperatures studied. Consequently, the values of thermo- 
dynamic functions determined for the series of alkyl copolymers also 
reflect the same pattern. However, the values of the binding con- 
stants, and for that matter those of the thermodynamic functions, 
increase with increasing alkyl chain length when a series of alkyl 
copolymers, containing an odd or even number of carbon atoms 
in the alkyl chain, is considered. 


From the comparative data presented in Table IV and Fig. 6, 
it is clearly seen that the binding of the sulfonate ion by the pentyl 
copolymer has been influenced very significantly in the presence of 
5 M urea. It is also noticed that the binding of the sulfonate ion by 
the pentyl copolymer increased with increase in temperature from 
15-37". The plot of log K against 1/T (Fig. 7) gives a straight line 
(least squares), which again suggests that the enthalpy of binding 
for the system is constant over this temperature range. In the 
presence of 5 M urea, the free energy of binding for this system 
became less negative by 400 cal./mole at 15", 616 cal./mole at 30", 
and 556 cal./mole at 37". Similarly, the enthalpy of binding became 
less positive by 2200 cal./mole and the positive entropy of binding 
reduced by about 9 entropy units. 
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Figure 5-Plots of binding constant vs. alkyl copolymer at 15", 
0; 30", u; 37", A; and45", @. 


Another feature that becomes discernible is that the number of 
binding sites, which remain available on the pentyl copolymer 
molecule for binding of the sulfonate ions, is practically the same 
whether or not urea is present in the system. This may be noted 
by visual inspection of the intercepts of the plots in Fig. 6. This 
feature may serve to indicate that the intrinsic nature and behavior 
of the alkyl copolymers are not significantly modified in the presence 
of 5 M urea. 


DISCUSSION 


An examination of the data shows that the stability of the com- 
plex formed between an alkyl copolymer and the sulfonate ion 
increased with increasing temperature over the range 15-37' and 
that the binding process was endothermic. More importantly, the 
binding was associated with an increase in entropy, indicating that 
the model system demonstrates thermodynamic behavior in common 
with that described for hydrophobic bonding. 


From the data of the composition of alkyl copolymers, it can be 
seen that the charge density of each alkyl copolymer is not signif- 
icantly different. Therefore, the energy contribution of electro- 
static binding of each alkyl copolymer is considered the same. The 
difference shown by these alkyl copolymers in the values of their 
respective thermodynamic constants can be attributed to the 
contribution of the methylene, 4 H 2 ,  groups in the alkyl chains. 


Despite the fact that the enthalpy of binding, which may be 
called enthalpy of hydrophobic bonding, was positive and therefore 
unfavorable, the bond formation was strengthened at relatively 
higher temperature. The free energy required to strengthen hydro- 
phobic bond was derived from the substantial gain in entropy 
during the binding process. In aqueous solution, according to the 
concept of iceberg formation (28), the hydrocarbon groups of alkyl 
copolymers and ptoluene sulfonate ion are considered to be sur- 
rounded by one or more layers of water molecules, which are 
highly ordered with better hydrogen bonding than the moIecules in 
ordinary liquid water. This brings about a lowering of configura- 
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Figure 7-Comparison of plots of logurithm of binding constunt 
vs. reciprocul of absolute temperature for the binding of PTSAS by  
peniyl copolymer in the absence of uwu, 0, and in the prewice of 
5 M urea, 0. 


tional entropy of the hydrocarbon groups. There is also a true 
hydration about the sulfonate group of the anion and the quaternary 
nitrogen of the vinylpyridinium groups of the alkyl copolymer. 
When binding occurs between the reactants concerned, the icebergs 
become either less ordered or contain fewer water molecules. As a 
result, the water molecules are released from the ordered structure, 
producing proportional increase in entropy due to the release of 
the configurational entropy of the hydrocarbon groups of the 
reactants. 


Although the hydrophobic bonding might be expected to become 
continually stronger with a rise in temperature, there is a limit 
of maximum temperature for iceberg structure (16). The limit of 
maximum temperature depends upon the aliphatic or aromatic 
nature of the hydrophobic group. Since the r-electron orbitals 
of aromatic hydrocarbon react with the highly hydrogen-bonded 
water species, the extent of partial "icecage" formed around the 
aromatic hydrocarbon is smaller than that formed around the 
aliphatic hydrocarbon (29). Consequently, the lowering of con- 
figurational entropy of the aromatic hydrocarbon group is less 
than that of the aliphatic hydrocarbon groups. Nemethy and 
Scheraga (16) have theorized that, when the interaction takes place 
between the aliphatic side chains, the hydrophobic bond becomes 
stronger up to 58"; but when the interaction takes place between 
aromatic hydrocarbons, the hydrophobic bond becomes stronger 
up to 42". According to this theory, the lowering of configurational 
entropy of the phenyl group would be negligible at 45". Therefore, 
in the present system, when binding takes place at 45", the con- 
tribution to the total entropy gain by the phenyl group of the sulfo- 
nate ion due to the release of its configurational entropy would be 
negligible. In view of this theory, it is conceivable that the decreased 
stability of the hydrophobic bond in the model system at 45" is due 
to the possible breakdown of the partial ice cage around the phenyl 
group of the sulfonate ion (Table 111). 


As shown in Fig. 5,  the zigzag pattern exhibited in the values of 
the binding constants is intriguing. This pattern points to the possi- 
ble role the number of contacts or closeness (established between 
the interacting hydrophobic groups within the Van der Waals 
radii) plays to determine the strength of hydrophobic bond (29). 
If the concept that the carbon atoms of the alkyl chain assume an 
extended zigzag arrangement in the liquid state (30) is extended to 
explain the zigzag pattern observed in Fig. 5, it seems probable that 
the terminal methyl group of the propyl and pentyl chain (contain- 
ing odd numbers of carbon atoms) orient much closer to the phenyl 
group of the target sulfonate ion than the terminal methyl group 
of the butyl and hexyl chain (containing even numbers of carbon 
atoms). 


Also, in view of the fact that in a normal hydrocarbon the angle 
formed by the two consecutive C-S bonds is approximately 110" 
and the C-C bond length is 1.54 A (31), it can be estimated that 
the terminal methyl group of odd carbon alkyl chain, as compared 
to that of the even carbon alkyl chain, would be closer to the 
aromatic ring of the sulfonate ion by a geometric distance of about 
0.88 A. It is, therefore, conceivable that more water molecules are 
released by complexing the propyl group with the sulfonate ion 
than by complexing the butyl group, thereby resulting in sub- 
stantial gain in entropy. Similarly, the pentyl group forms a more 
stable complex with the sulfonate ion than does the hexyl group. 


It is seen that the increment in the binding energy with the in- 
crease of two methylene groups in an alkyl chain is not uniform and 
depends on the temperature of the interaction. The increment of 
the binding energy varied from -18 to -105 cal. at 15", -97 to 
-329 cal. at 30", and - 134 to - 330 cal. at 37", depending on  what 
two alkyl chains were considered. Similar nonuniformity in the 
increment of free energy has been reported by Nemethy and 
Scheraga (16) even on the basis of a physical model. Such non- 
uniformity may be attributed to the fact that the stability of hydro- 
phobic bond is governed by several factors, such as the number of 
contacts and the closeness of contact between the interacting hydro- 
phobic groups, the structure of iceberg, and the extent of partial 
ice cage around the hydrocarbons involved. A significant variance in 
the iceberg structure around the alkyl groups of various alkyl 
copolymers can be expected, since a variance in the iceberg struc- 
ture around the lower hydrocarbons, methane, ethane, propane, 
and butane, has been reported by Clausen and Polgase (32) from 
solubility studies in water. They also observed a nonuniformity 
in the decrease of entropy values for the solubility of these hydro- 
carbons of a homologous series. The decrease in entropy with the 
additional -CH2- group from methane to butane was 1.4, 
6.4, and 1 .O e.u., respectively. 


The effect of urea on the binding of sulfonate ion by the pentyl 
copolymer is in keeping with the claim that urea breaks hydro- 
phobic bond. From Fig. 7 it is noted, however, that the thermo- 
dynamic behavior of the present model system in the presence of 
5 M urea remained qualitatively the same. This suggests that the 
iceberg structure in the immediate vicinity of the alkyl chains of the 
alkyl copolymers and phenyl group of the sulfonate ion is not 
completely disrupted but has been significantly modified by the 
urea molecules, which are known to undergo hydrogen bonding 
with water. 
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Determination of Phenoxymethyl Penicilloic Acid 
and Phenoxyethyl Penicilloic Acid in Urine 
in the Presence of the Parent Penicillins 


JAN BIRNER 


Abstract II] Penicillin and the corresponding penicilloic acid are 
extracted by chloroform from an acidified sample of urine which 
has been partly saturated by ammonium sulfate. A portion of the 
extract is dried and redissolved in a small volume of acetone. A 
measured aliquot is chromatographed on a silica gel thin-layer 
plate by acetone-acetic acid (19: 1). The separated penicilloic acid is 
detected by starch-iodine spraying. The zones are transferred into 
glass tubes, nitrated, and neutralized by ammonia. The absorbance 
of the yellow supernatant, which is proportional to the concentration 
of penicilloic acid, is measured spectrophotometrically. 


Keyphrases 0 Penicillin, penicilloic acid in urine-penicilloic acid 
determination 0 Phenoxymethyl penicilloic acid-determination 
in urine Phenoxyethyl penicilloic acid-determination in urine 
TLC-analysis 0 Starch-iodine spray-TLC spot identification 0 
Colorimetric analysis-spectrophotometer 


Due to their instability in solution, penicillins taken 
orally or administered parenterally undergo chemical 
changes, and the breakdown products are excreted 
from the body in the urine. 


Walkenstein et aI. (1) found that between 30 and 60 
penicillin G in urine remains biologically active, the 
major degradation product being penicilloic acid. The 
data were obtained by comparison of radioassays and 
bioassays of urine. Penicillins can be estimated directly 
by several methods such as iodometric, hydroxylamine, 
or biological, but penicilloic acid in the presence of peni- 
cillin is usually found by difference. Pan (2) gives a 
method for the determination of penicilloic acid in 
penicillin G fermentation broth, which is based on 


extraction at different pH values and subsequent colori- 
metric determination. Phenoxymethyl penicillin (peni- 
cillin V) and phenoxymethyl penicilloic acid can be 
separated by paper chromatography; Roehr (3) gives 
R,  values in four different systems. 


McGilveray and Strickland (4) use TLC for identifi- 
cation of about 10 penicillins in four systems. 


It was observed that using silica gel G and acetone- 
acetic acid (19:l) in TLC penicillin V and phenoxy- 
ethyl penicillin (phenethicillin) can be separated from 
the corresponding penicilloic acids. The separated 
penicilloic acids, containing a phenolic group in the 
side chain, may be determined subsequently by a colori- 
metric method (5) by nitration, neutralization by am- 
monia, and spectrophotometric measurement. Based on 
this observation, a method has been developed that 
permits direct determination of penicilloic acid, in the 
presence of penicillin, in urine. 


The sample, partially saturated by ammonium sul- 
fate, is extracted by chloroform at pH 2, using a 1 : 5  
ratio of water to chloroform. The chloroform extract 
is dried and redissolved in acetone, and an aliquot is 
taken for chromatography on silica gel using acetone- 
acetic acid (19:l). The zones of separated penicilloic 
acid, located by starch-iodine spraying, are transferred 
into glass tubes and nitrated in the presence of the 
silica to form quinoid radicals, which are yellow in color 
in the presence of ammonia. The silica, which does not 
interfere in this process, is separated by centrifugation, 
and the supernatant is used for spectrophotometric 
measurements. 
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Quantification of the Binding Tendencies of 
Cholestyramine 11: Mechanism of Interaction 
with Bile Salt and Fatty Acid Salt Anions 


WILLIAM H. JOHNS and THEODORE R. BATES 


Abstract 0 The binding of a series of conjugated bile salt and fatty 
acid salt anions to cholestyramine from aqueous media was in- 
vestigated and the data were plotted according to the Langmuir ad- 
sorption equation. Increases in affinity constants were noted as the 
number of hydroxy substituents on the bile salt-ring structure de- 
creased. An increase in the chain length of the fatty acid salt caused 
a corresponding increase in the affinity constant, whereas an in- 
crease in the extent of unsaturation in the fatty acid chain produced 
a reduction in the affinity constants for the fatty acid-cholestyramine 
interaction. Apparent surface tension-lowering properties of the 
adsorbate molecules were found to parallel the affinities obtained 
for both classes of adsorbate molecules, with the exception of the 
fatty acid anion, linoleate. Based on the results of these studies, it is 
suggested that the binding mechanism involves a primary electro- 
static component reinforced by a secondary nonelectrostatic inter- 
action, the strength of the latter force being dependent on the de- 
gree of hydrophobicity of the adsorbate molecule. 


Keyphrases 0 Cholestyramine binding-quantification 0 Bile 
salts, fatty acid salt anions-cholestyramine interaction mechanism 
IJ Surface tension values-affinity constants, correlation-bile 
salts 0 Hydrophobic character relationship, adsorbate--cholesty- 
ramine binding UV spectrophotometry-analysis 


In previous work with the anionic exchange resin 
cholestyramine (I), the authors studied the effect of 
the physiologic electrolytes, sodium chloride and bi- 
carbonate, on the binding process of bile salt anions to 
cholestyramine. The dihydroxy bile salt anions studied 
were noted to be insignificantly affected in their ex- 
tent of interaction with the resin, while the trihydroxy 
bile salt anion-cholestyramine interactions were mark- 
edly reduced in the presence of an added electrolyte. 
These results suggested that a secondary, nonelectro- 
static, type of interaction was taking place at  the ad- 
sorption site. 


The observation that structurally different bile salt 
anions exhibit varying types, as well as extents, of 
binding to cholestyramine is of biologic significance 
in that an appreciation of the possible modes of interac- 
tion could ultimately contribute to an enhancement in 


the efficiency of this pharmacologically important 
resin. 


The purpose of this study was to elucidate the nature 
of this secondary binding mechanism and the effect of 
adsorbate structure thereon. In order to accomplish 
this, the binding tendencies of a selected series of glycine- 
conjugated bile salts and various physiologic fatty 
acid salts to cholestyramine were investigated. 


EXPERIMENTAL 


Materials-The sodium salts of glycocholic acid,’ glycodeoxy- 
cholic acid, 1 glycodehydrocholic acid, 1 glycolithocholic acid, 
lauric acid,z and oleic acid3 were dried in vacuo for at least 48 hr. 
prior to use. The sodium salt of linoleic acid3 was prepared by 
reacting equimolar quantities of the acid with sodium ethylate in 
absolute alcohol. The resulting salt was washed several times with 
absolute alcohol, dried at room temperature, and subjected to 
vacuum desiccation. The cholestyramine4 employed in this study 
was of pharmaceutical grade (1). Reagent grade concentrated sul- 
furic acid, glacial acetic acid, hydrochloric acid, chloroform, sodium 
hydroxide, copper nitrate, n-butanol, and diethyldithiocarbamate 
were used as received. 


Procedure for Adsorption Studies-A series of aqueous solutions 
of each bile salt and fatty acid salt was prepared over the concentra- 
tion range of 0.75-5.0 millimolar (mM).5 Twenty-five-milligram 
samples of cholestyramine were accurately weighed and placed into 
50-ml. glass-stoppered conical flasks, together with a 25.0-ml. 
portion of the adsorbate solution. At each concentration, a control 
flask was prepared containing a similar quantity of the solution 
under study but no cholestyramine. These latter control solutions, 
which were assayed concomitantly with the solutions exposed to 
cholestyramine, were used to prepare the required Beer’s law plots. 


1 Grade A. Obtained from Calbiochem Co.,  Los Angeles, Calif. 
2 Obtained from Eastman Organic Chemicals, Rochester, N. Y. 
a Obtained from Fisher Scientific Co., Fair Lawn, N. J. 
4 Supplied by Merck and Co., Inc., Rahway, N. J. 
6 All systems exhibited complete solution over the concentration 


range studied, with the exception of the higher concentrations of gly- 
colithocholate, which showed slight turbidity. Adsorption, being a 
dynamic process, would tend to increase the apparent solubility of a 
relatively insoluble material by removing molecules from solution and 
thereby promoting solution of any undissolved material. 
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Figure 1-Adsorption isotherms for the binding of glycine-con- 
jugated bile salt anions to cholestyramine at 25". Key: glycoli- 
thocholate (O), gIycodeoxycholate (O), glycocholate (o), and glyco- 
dehydrocholate (B). 


All containers were closed securely and mechanically shaken6 at 25" 
until equilibrium was established; this normally occurred within 
24 to 48 hr. The equilibrated samples were subjected to Millipore 
filtration (0.45-p pore size), the filtrates suitably diluted or con- 
centrated, and the equilibrium bile salt or fatty acid salt concentra- 
tion determined (see Assay Procedures). 


Procedure for Desorption Studies-In order to determine the 
desorption characteristics of the bound adsorbate molecules, 25.0- 
ml. quantities of each bile salt or fatty acid salt solution were pre- 
pared and shaken with 25.0 mg. of cholestyramine in 125-ml. 
glass-stoppered conical flasks. After attainment of equilibrium, 
the samples were diluted with 50.0-ml. portions of distilled water 
and agitated until equilibrium was again established. After filtra- 
tion and appropriate dilution or concentration, the filtrates were 
assayed for free adsorbate concentration. 


Surface Tension Determinations-The surface tension-lowering 
properties of the adsorbate molecules were studied at concentra- 
tions well below their respective critical micelle concentrations 
(CMC). All surface tension measurements were conducted at 25" 
using a Fisher ring tensiometer. At least eight determinations 
were performed for each solution and the pure solvent. Apparent 
surface tension-lowering ( T) values were calculated from the dif- 
ference between the mean surface tension value obtained for dis- 
tilled water and the adsorbate solutions. 


Assay Procedures-The equilibrium concentration of unbound 
or free adsorbate was determined by one of the following methods. 


Bi/e Salts-Sodium glycocholate and glycodeoxycholate were 
determined spectrophotometrically in 65 sulfuric acid as de- 
scribed previously (1). 


The spectrophotometric method of Minibeck (2) was modified for 
the determination of sodium glycolithocholate. The residue from an 
evaporated filtrate sample was dissolved in a 9:l mixture of con- 
centrated sulfuric and glacial acetic acids and the resultant solu- 
tion heated at 60" for 30 min. A quantity of 9 : l  acid mixture, 
treated in the same manner, served as a blank. 


For the determination of sodium glycodehydrocholate, an aliquot 
of the equilibrated, filtered sample was evaporated to dryness and 
the residue dissolved in 0.1 N sodium hydroxide. Spectrophoto- 
metric determinations were made using the base as a blank. 


Absorbance readings were determined using a Beckman model 
DB-G recording spectrophotometer. All of the adsorbates were 


8 Precision Constant Temperature Shaker Bath, Precision Scientific 
Co., Chicago, Ill. 
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Figure 2-Adsorption isotherms for the binding of several physio- 
logic fatty acid salt anions to cholestyramine at 25". Key: oleate 
(O), linoleate to), and laurate (B). 


found to  obey the Beer-Lambert law relationship at their respective 
wavelengths of maximum absorbance (i.e., glycodeoxycholate, 
385 mp; glycocholate, 320 mp; glycolithocholate, 316 mp; glyco- 
dehydrocholate, 282 mp). 


Fatty Acid Salts-The fatty acid salts were assayed by a modifica- 
tion of the method proposed by Duncombe (3). An aliquot of the 
equilibrated, filtered sample was acidified with 1.0 N HCl and the 
free fatty acid extracted with 15.0-ml. quantities of chloroform. A 
5-ml. portion of the chloroform phase, diluted when necessary, was 
shaken with 2.5 ml. of a copper nitrate reagent for a period of not 
less than 2 min. The aqueous phase was removed by means of 
aspiration, and a 3-ml. aliquot of the chloroform solution was 
reacted with 0.5 ml. of a 0.1% w/v solution of diethyldithiocar- 
bamate in n-butanol. The blue color which developed was read on a 
Bausch and Lomb Spectronic-20 colorimeter at 437 mp using 
chloroform, treated in an identical manner, as the blank. All fatty 
acid salts under investigation followed the Beer-Lambert relation- 
ship. 


The amount of bile salt or fatty acid salt bound to cholesty- 
ramine was calculated from the difference between the initial con- 
centration of adsorbate introduced into the system and the con- 
centration present free in solution at equilibrium. 


RESULTS AND DISCUSSION 


All adsorption experiments were conducted in aqueous solution. 
Under these conditions, the pH of the systems after equilibration 
with cholestyramine was essentially independent of initial ad- 
sorbate concentration. Based on reported pKa values (4) for the 
bile acids employed in this study,? at concentrations below their 
respective critical micelle concentrations, it was previously deter- 
mined (1) that the bile salts were present essentially in the ionized 
form. 


There is scanty information in the literature pertaining to the 
pKa values of long-chain fatty acids. Ralston ( 5 )  reports that small 
decreases in dissociation constants of fatty acids are noted with in- 
creasing molecular weight. Using a method for apparent pKa 
determination described by Gumtow (6), the apparent pKa's for 


7 Ekwall et a[. (4) report pKa values of 4.99 for lithocholic acid and 
4.91 for dehydrocholic acid. Using the equilibrium p H s  of 6.66 for the 
glycolithocholate system and 6.30 for that of the glycodehydrocholate 
system, percentages ionized were calculated to be 97.9 and 96.1 %, 
respectively. Since the pKa values of glycine conjugates are normally 
lower than those of the unconjugated bile salts (9), the use of the re- 
ported lithocholic and dehydrocholic acid pKa's is a justifiable approxi- 
mation. 
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Figure 3 - h g m u i r  adrorption isotherm for the binding of the gly- 
codehydrocholate anion to cholestyramine at 25". 


lauric, oleic, and linoleic acids were found to be 4.92,5.35, and 5.10, 
respectively. The value obtained for oleic acid is similar to that 
reported for stearic acid (7) (pKa = 5.75 at 35"), while that of 
lauric acid is in close agreement with the 4.96 value reported by 
Markley (8) for nonanoic acid. These experimental values, to- 
gether with equilibrium pHs (laurate, 6.90; oleate, 6.30; linoleate, 
6.10), were used in the Henderson-Hasselbach equation to obtain 
values of 98.9, 91.3, and 91.0% ionized, respectively. Using this 
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Figure 4-Langmuir adsorption isotherms for the binding of glycine- 
conjugated, hydroxy-substituted bile salt anions to cholestyramine 
at 25". Key: glycocholate to), glycodeoxycholate (O), and glyco- 
Iithocholare (a). 
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Figure 5-Lungmuir adsorption isotherms for the binding of fatty 
acid salt anions to cholestyramine at 25". Key: laurate (O), oleate 
(a), and linoleate (0). 


as a first approximation, the fatty acids under study were considered 
to be completely ionized. 


Aasorpnon mtaies- I ne aasorprion isornerms aescnomg me 
binding of the investigated bile salt and fatty acid salt anions to 
cholestyramine were plotted according to the following Langmuir 
equation (10) and are shown in Figs. 1 and 2. 


where Ceq. = the concentration of adsorbate molecules remaining 
in solution at equilibrium, x/m = the number of moles of adsor- 
bate bound per gram of adsorbent, kl = the association or affinity 
Constant, and kz = the capacity constant. The general shape of 
the x/m uersus Coq. plots is representative of only monolayer ad- 
sorption (11). The curves show a tendency to plateau at high Caq. 
values, indicating that the system is approaching the limiting mono- 
molecular-exchange capacity of cholestyramine for the particular 
adsorbate molecule. 


Figures 3-5 represent the data plotted according to a rearranged 
form of Eq. 1 :  


The linearity observed with all adsorbate anions under study dem- 
onstrates the adherence of the binding process to  the Langmuir- 
type adsorption isotherm (Eq. 2). The adsorption constants, kl 
and k2, were obtained from the least-squares intercept and slope 
values of a regression line drawn through the data points and are 
reported in Table I. 


Except for the glycodehydrocholate anion, the capacity constants, 
kz (expressed as the number of moles of anion adsorbed per mole 
equivalent of cholestyramine), all demonstrate a tendency toward 
unity. As a possible explanation of glycodehydrocholate's be- 
havior, it is suggested that hydration, expected of the polar sub- 
stituents on the phenanthrene ring system, would be more ex- 
tensive with this bile salt due to the greater polarity induced by the 
presence of the three keto substituents (12). This could lead to 
enhanced steric hindrance and possible occlusion of neighboring 
binding positions, thus resulting in the reduced capacity observed. 


An examination of the affinity constants, kl,  for the bile salt 
series shows an increase in the following order: glycodehydro- 
cholate (triketo) << glycocholate (trihydroxy salt) < glycodeoxy- 
cholate (dihydroxy salt) < glycolithocholate (monohydroxy salt). 
Since all of the bile salt anions are glycine conjugates, the observed 
differences cannot be related to changes in the structure of the side 
chain. Reduction in steric hindrance in the ring structure when going 
from tri- to monohydroxy salts cannot, in and of itself, be responsible 
for the observed affinity differences, nor is it reasonable to assume 
that substitution of hydroxy groups by keto functions can cause 
any appreciable effects on the anionic charge strength. 
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Table I-Langmuir Adsorption Constants for the Binding of 
Conjugated Bile Salt and Fatty Acid Salt Anions to 
Cholestyramine at 25’ 


(kzP 
(Moles of 
Adsorbate Apparent 


kl Bound per Surface 
(I./mole of Mole Tension 
Adsorbate, Equivalent Lowering 


Anion X l0-l) of Resin) (dynes/cm.) 


Bile salt 
Glycodehydrocholate 0.163 0.593 7.9b 
Glycocholate 0.891 0.863 12.0 
Glycodeoxycholate 4.25 0.941 23.7 
Glycolithocholate 5.70 1.12 36.6 


Laurate 5.23 0.892 1 0 . 8 ~  
Oleate 7.39 1.01 38.0 
Linoleate 1.92 1.03 31.8 


Fatty acid salt 


a Based on a monomer equivalent weight for cholestyramine of 230. * Based on surface tension determinations of 2.0 mM bile salt solutions. 
Based on surface tension determinations of 0.25 mM fatty acid salt 


solutions. 


As stated earlier, the presence of three keto groups in the glyco- 
dehydrocholate system confers a greater hydrophilic character to this 
anion (12). This increased hydrophilicity would lead to a more ex- 
tensive association of glycodehydrocholate with water molecules, 
thus producing an anion possessing larger molecular dimensions 
than the less hydrated hydroxy derivatives. The increased bulki- 
ness of the glycodehydrocholate molecule could effectively prevent 
the close proximity of this adsorbate to the binding positions on 
cholestyramine and hence reduce the possibility for a significant 
degree of interaction. This results from the fact that the strength 
of the forces involved in the adsorbate-adsorbent interaction would 
tend to decrease with increasing separation of the two reactants. 
The results obtained in the present investigation are consistent with 
ion-exchange phenomenon in general, in that ion-exchange resin 
selectivity, which is related directly to the strength of adsorbate- 
adsorbent interaction (131, decreases as the extent of hydration of the 
adsorbate increases (14). In addition, the fact that the triketo- 
substituted bile salts exhibit negligible tendencies to undergo micelle 
formation as compared with hydroxy-substituted derivatives (15) 
would seem to indicate that their participation in nonpolar inter- 
actions, in general, is rather limited. The interrelated effects of an 
increase in the molecular dimensions due to the increased hydra- 
tion of this adsorbate molecule and a decrease in its capability of 
significant nonpolar interactions with the resin matrix are probably 
responsible for the diminution in the affinity observed with the 
glycodehydrocholate-cholestyramine interaction. 


The data clearly suggest that the primary electrostatic interaction 
(i.e., between the anionic carboxyl group of the bile salt and the 
cationic quaternary ammonium group of cholestyramine) is being 
reinforced by secondary, nonelectrostatic binding forces existing 
between the hydrophobic portions of the bile salt and resin mole- 
cules. As the degree of polarity of the ring system, and hence the 
degree of hydration, increase (glycolithocholate < glycodeoxy- 
cholate < glycocholate << glycodehydrocholate), the hydropho- 
bicity, and hence the strength of the nonelectrostatic component of 
the interaction, diminish. These results parallel those obtained 
by Rudman and Kendall(16) who investigated the interaction of a 
series of bile salts with the protein, albumin. This phenomenon was 
also qualitatively alluded to in the work of Gordon et a/ .  (17), in 
which the hydroalcoholic, chromatographic elution sequence of 
conjugated bile acids from a column composed of the acetate form 
of an anion-exchange resin (Dowex I-X2) was studied. 


The adsorption characteristics of a series of physiologic, long- 
chain fatty acid salts were examined to establish whether or not a 
similar secondary, nonelectrostatic binding mechanism was oper- 
able. The kl  values for the laurate and oleate anions, listed in Table 
I, show an increase in affinity with increasing chain length. Con- 
sistent with these results, the studies of Boyer ef  al. (1  8) and Ballou 
e f  a / .  (19) demonstrated an intensification of fatty acid interaction 
with albumin as the chain length of the adsorbate molecule in- 
creased. In connection with fatty acid-albumin binding, Goldstein 


(20) states that “. . . the primary bond is presumably electrostatic, 
but the resulting complex is probably stabilized by van der Waals’ 
forces through the close approximation of the nonpolar residue to 
similar portions of adjacent protein surfaces.” The increase of six 
carbons, in the case of the oleate anion over that of the laurate 
anion, confers to the former anion a higher degree of hydrophobic 
character (even in the presence of the hydrophilic double bond) 
which results in a magnification of the strength of interaction. 


The introduction of a second double bond into the adsorbate 
molecule, as in the linoleate system (9,12-diene), produced a marked 
decrease in the affinity constant relative to the oleate anion. The 
increase in the hydrophilicity of the carbon chain, and thus a weak- 
ening of the strength of the nonelectrostatic component of the 
interaction, could account for the observed reduction in the affinity. 
In addition, the presence of a second alkene linkage might con- 
tribute to this reduction by placing steric restrictions on the mobility 
of the linoleate molecule; the cis-cis configuration of the molecule 
prohibiting the proximity of adsorbate and adsorbent molecules 
required for significant nonionic interaction. 


Desorption Studies-Under the experimental conditions em- 
ployed, the studies designed to determine the dissociation or 
desorption characteristics of the adsorbent-adsorbate complexes 
showed the binding process to be essentially nonreversible. 


Surface Tension Studies-The bile salt and fatty acid anions em- 
ployed in this investigation all possess surface-active properties in 
aqueous solution and, as a result, have some facility to concentrate 
at interfaces. In general, the degree of surface activity elicited is 
dependent on the existence of a proper balance between the hy- 
drophilic and hydrophobic regions of the molecule, normally 
increasing with increasing hydrophobicity (21). Since it was the 
objective of this investigation to establish the role of a secondary, 
nonelectrostatic type of interaction in the binding process, it was of 
interest to determine the air-water surface adsorption tendencies 
of the various bile salt and fatty acid anions. The purpose, therefore, 
of these surface tension studies was to ascertain whether a paral- 
lelism existed among the degree of hydrophobicity of the adsorbate 
molecules, their binding affinity, and their surface tension-lowering 
properties! 


In Table I are listed the apparent surface tension-lowering (K) 
values obtained for the various salts under investigation. A com- 
parison of the bile salt values with their respective affinity constants 
shows that an excellent rank order correlation exists between the 
two parameters. Likewise, the surface activity of the laurate and 
oleate systems compares well with their respective kl values. 


The deviation of the linoleate system from the parallelism found 
to exist with the other fattyacid salts is thought to be due to the 
molecular structure of that fatty acid salt. The adsorption process, 
being heavily dependent on proper steric alignment for maximum 
nonelectrostatic interaction, would be seriously hindered by the 
cis-cis configuration offered by the linoleate anion. However, the 
surface tension properties of this anion would not be as drastically 
affected, since the nonpolar portions of the molecule would be 
capable of assuming any packing arrangement at the air-water 
interface commensurate with maximum thermodynamic stability. 
In addition, it is possible that a minor quantity of contamination 
was present in the linoleate system. Such an occurrence could 
produce a significant change in the surface tension-lowering ca- 
pabilities of the salt below the CMC (22), while at the same time 
having only negligible effects on the binding characteristics of the 
anion. 


The results of this investigation indicate that the affinity with 
which fatty acid and bile salt anions bind to cholestyramine is, in 
part, dependent on the extent of hydrophobic character of the 
adsorbate anion. A relationship was found to exist between the 
surface activity of adsorbate molecules, with the exception of 
linoleate, and the strength of the adsorbate-cholestyramine inter- 
actions as reflected by the magnitudes of the association constants 
for the respective complexes. 


Apparently a similar interaction mechanism is functioning in 
both the bile salt and fatty acid salt series. It would not be unre- 
alistic, therefore, to imagine an in uiuo situation where a competi- 
tion existed between endogenous bile salts and exogenous fatty 


g I t  should be pointed out that the authors do not intend to imply 
that possession of surface activity is a necessary prerequisite for sig- 
nificant interaction with cholestyramine. 
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acids, the latter being present either in food or generated in the small 
intestine by the action of digestive enzymes on dietary triglycerides. 
Such a competition, depending on the nature and relative concentra- 
tion of the fatty acid, could cause a reduction in the therapeutic 
efficiency of cholestyramine to sequester certain bile salt anions. 
Studies to determine the nature and extent of any competition 
which may exist between bile salt anions and other physiologic 
substances for the binding positions on cholestyramine are in 
progress and will be the subject of subsequent communications. 
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Flexible Nonisothermal Stability Studies 


H. V. MAULDING and M. A. ZOGLIO 


Abstract 0 A method is described which allows ad libitum tem- 
perature adjustment during the course of a nonisothermal kinetic 
study. The data obtained are compared to theoretical degradation 
patterns to obtain from a single experiment activation energy, 
reaction rates, and stability predictions at any desired temperature. 
The inversion of sucrose and the hydrolysis of ethyl acetate are 
studied to demonstrate the validity of the theory and the advantages 
of the method. 


Keyphrases 0 Stability studies-flexible, nonisothermal Kinetic 
equations-flexible nonisothermal stability studies 0 Sucrose 
inversion-nonisothermal stability methodology 0 Ethyl acetate 
hydrolysis-nonisothermal stability methodology 0 Polarimetry- 
analysis 


The field of nonisothermal kinetics has grown con- 
siderably in popularity since the classic treatment by 
Rogers (1) was published in 1963. Since then numerous 
publications have appeared in the literature utilizing 
nonisothermal techniques (2,3). Others have introduced 
new ideas and techniques to  the field (4,5). The objective 
of this study is to eliminate the need for a fixed time- 
temperature profile during the course of a nonisothermal 
study. The advantages of such an approach lie in the 


freedom to change temperature at a rate consistent with 
analytical findings and also in minimizing experimental 
requirements. The method involves the subjection of a 
solution of the substance for study to changing temper- 
ature to  provide sufficient breakdown for calculation of 
activation energy, reaction rates, and stability predic- 
tions. The degradation is controlled by adjusting the 
rate of change of temperature according to  analytical 
findings during the experiment. The time-temperature 
data are fitted to  a polynomial expression of sufficient 
degree to  describe the changes. This relationship and the 
experimental data are then combined and utilized to  
synthesize a series of degradation pathways correspond- 
ing to  different levels of activation energy. The curves 
are compared to the experimental analytical data to 
obtain the correct energy of activation for the reaction. 
Utilizing this activation energy and the analytical data, 
reaction rate and stability calculations can be made. 


THEORETICAL 


Consider a drug in solution degrading according to some un- 
changing reaction order as in Fig. 1. Drug concentration can then 
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Table 11-Vasoconstrictor-Hypertensive Activity 


Blood Pressur- 


mg./kg. Duration, Duration, mg./kg. Change, Duration, 
Dose, -Nasal Volume--- -Blood Pressure- Dose, 


 NO.^ 1.V. A mm.3 min. A mm. Hg min. l.v. z min. 


I11 
a 
b 


d 
e 
f 
R 
h 


C 


1 


1 .o 
1 .o 


b 


f 3 0 0  6 $15 
t 5 0 0  14 t 4 5  


10 + 25 5 
6 
5 


5.0 + 80 14 - 25’ >14 -~ 
1 .o +240 10 $ 5  5 10 $22 45 
1 .o $580 17 + 50 >17 
0.5 + 680 9 + 20 9 
1 .o +ma 13 +20 13 10 + 100 45 
5.0 +530 36 t 3 7  20 


Phenylephrine hydrochloride 
0.01 733 9 + 30 9 


a Refers to compound numbers in Table I and in the text. * Nasal volume changes were not measured for this compound. c Doses of 10 to 100 
mg./kg. did not produce consistent blood pressure effects. 


tracheotomy performed. A femoral artery was cannulated for blood 
pressure recording. A 22.9-cm. (9-in.) metal rod fitted with a small 
rubber ball was passed into the dog’s mouth to the soft palate so that 
the ball pressed against the wall of the nasopharynx. A glass nose 
cannula was then inserted into a nostril, and a clamp was applied to 
hold the cannula in place and to seal the other nostril. The cannula 
was connected to a Grass PT-5A volumetric low pressure transducer, 
and the volume (pressure) changes of this cavity were measured. 
In some experiments only blood pressure was monitored. All 
compounds were administered intravenously 
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Gas Chromatographic Determination of Chlorphenesin in Plasma 


J. F. DOUGLAS, J. A. STOCKAGE*, and N. B. SMITH 


Abstract 0 A procedure is described for the determination of 
chlorphenesin in plasma. Chlorphenesin is extracted from plasma 
with chloroform, reacted with bis-(trimethylsily1)-acetamide, and 
the silylated derivative is measured quantitatively by gas chroma- 
tography. The technique is reproducible and accurate in the range 
of 1-10 mcg./ml. Dibutyl phthalate is used as internal standard for 
quantitation by the relative peak height method. 


Keyphrases 0 Chlorphenesin in plasma-determination 0 Plasma, 
analysis+hlorphenesin 0 GLC-analysis 0 Dibutyl phthalate- 
internal standard 


Chlorphenesin (3-p-chlorophenoxy- 1 ,Zpropanediol) 
has been shown to suppress immunological response in 
a number of animal systems (1-3) and to inhibit the 


release of histamine from sensitized human leucocytes 
by ragweed antigen (4). Although chlorphenesin has 
been known since 1949 and a number of procedures 
have been described in the literature for the analysis 
of chlorphenesin (5, 6 )  or chlorphenesin carbamate (7), 
none are sufficiently sensitive to measure the presence 
of chlorphenesin in biological fluids after therapeutic 
doses. Procedures for the quantitative analysis in 
plasma of a closely related compound, mephenesin 
[3-(o-tolyloxy)-l,2-propanediol], have been reported by 
Titus et al. (8) and by Wyngaarden et al. (9).  However, 
these analyses depend upon diazotization or nitration 
of mephenesin at the para position of the phenol ring 
and are not applicable to chlorphenesin which contains 
a chlorine atom at this location. 
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Figure 1-The relationship between relative peak height and concen- 
tratioii uf'chlorphenesin in plasma. 


This manuscript describes a procedure for the quan- 
titative determination of chlorphenesin in plasma. 


EXPERIMENTAL 


Equipment and Reagents-A F and M model 402 dual column 
gas chromatograph equipped with a hydrogen flame ionization 
detector and a 1-mv. Minneapolis-Honeywell recorder were em- 
ployed. The chromatographic columns used were 91.4-cm. X 0.635- 
cm. (3-ft. X 0.25-in.) glass tubes packed with 5.0x DC200 on 80-100 
mesh diatomaceous earth'. The instrument settings were as follows: 
temperature-column, 170"; injection port, 275"; detector block, 
230". Gas flow rates-hydrogen, 60 ml./min; helium (carrier gas), 
38 ml./min; oxygen, 70 ml./min. Sensitivity settings were range 10 
with an attenuation factor of 8X. The reagents were redistilled 


Chromosorb WAW, Johns Manville Products Corp., New York 
N. Y. 


chloroform, dibutyl phthalate (Eastman), and bis-(trimethylsily1)- 
acetamide (Applied Science). 


Procedure-Plasma, 0.5 ml., was diluted with 0.5 ml. of saline 
and the fluid was thoroughly shaken with 0.5 ml. of redistilled 
chloroform. Following centrifugation, 0.2 ml. of the chloroform 
layer was transferred to a small centrifuge tube and treated with 
20 pl. of bis-(triniethylsi1yl)acetamide for 1 hr. at room tempera- 
ture. The reactiori mixture was evaporated to dryness in a stream 
of nitrogen, and the residue was taken up in 20 pl. of redistilled 
chloroform containing 100 mcg./ml. of dibutyl phthalate. This 
chloroform solution (2.6 pl.) was injected into the gas chromat- 
ograph, and the concentration of chlorphenesin was determined by 
the relative peak height method using dibutyl phthalate as internal 
standard. 


RESULTS AND DISCUSSION 


It was necessary to convert chlorphenesin to a suitable derivative 
for gas chromatographic analysis since its chromatogram showed 
two peaks. Chlorphenesin can be quantitated gas chromatographi- 
cally when relative peak height is used as an index of concentra- 
tion since a linear relationship exists between relative peak height 
and drug concentration (trimethylsilyl ether derivative of chlor- 
phenesin) in the range of 1-10 mcg./ml. of plasma (Fig. 1). The 
reproducibility of the procedure is indicated by the standard error 
of the triplicate determinations shown in Fig. 1. 


The extraction procedure effectively separates chlorphenesin 
from normal interfering plasma constituents since determinations 
in normal human plasma give little or no blank (<OS mcg./ml.). 
It was also established that the known major metabolites of chlor- 
phenesin, p-chlorophenoxylactic acid and p-chlorophenoxyacetic 
acid (lo), do not interfere in the assay procedure. 
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Hydroxyindole-o-methyltransferase IV: Inhibitory Activities of 
Some N-Acrylyltryptamines and N-Crotonyltryptamines 


BENG T. HO, MICHAEL B. NOEL, and WILLIAM M. McISAAC 


Abstract Several N-acrylyltryptamines and N-crotonyltrypt- 
amines were synthesized to explore the mode of binding of the 
double bond in N-( I-cyclohexenecarbony1)tryptamine to hydroxy- 
indole-o-methyltransferase. Chlorine substitution at the D-position 
of the acrylyl or crotonyl group increased inhibition of the enzyme. 


Keyphrases 0 N-Acrylyltryptamines and N-crotonyltryptamines- 
synthesis 0 N-(I-Cyc1ohexenecarbonyl)tryptamine double-bond 
binding-hydroxyindole-o-melhyltransferase 0 Chlorine substitu- 
tion, N-acrylyltryptamines and N-crotonyltryptamines-hydroxy- 
indole-o-methyltransferase inhibition 0 IR spectrophotometry- 
structure 0 NMR spectroscopy-structure 


In previous works from this laboratory ( 1 ,  2), N-(1- 
cyclohexenecarbony1)tryptamine (I) and N-benzoyl- 
tryptamine (II) were found to be, respectively, 3.4 and 
2.3 times better inhibitors of hydroxyindole-o-methyl- 
transferase (HIOMT) than N-cyclohexanecarbonyl- 
tryptamine (III). To explore the mode of binding of the 
carbon-carbon double bond in I, N-acrylyltryptamine 
(IV) and N-crotonyltryptamine (V) were synthesized. 
Since chlorine substitution on the ortho position of the 
phenyl group of I1 resulted in a sixfold increase in in- 
hibitory activity (2), this study also includes Compounds 
VII-IX for investigating the possible enhancement of 


0 
I1 


binding of the acrylyl (CH2=CH-C-) and crotonyl 
0 
II 


(CH,--CH=CH-C-) groups by a chlorine atom at 
the beta position. 


Results showed that IV and V were inhibitors of equal 
activity (Table I). The terminal CH, of the crotonyl 
moiety of V did not appear to contribute to the binding 
of this inhibitor to the enzyme. Substitution of the 
“methylene” hydrogen of the acrylyl group of I V  by a 
chlorine atom slightly increased the activity (see VII). A 
greater increase in inhibition resulted when the chlorine 
atom was introduced to the “methine” carbon of the 
crotonyl moiety of V; VIII and IX were about twice as 
active as V. 


The relative weakness in activities of those acrylyl and 
crotonyl derivatives compared to I could be attributed 
to the absence of several saturated methylene carbons 
which are capable of binding to the enzyme via hydro- 
phobic interaction. The finding that ortho-chlorophenyl 
derivative (Vl) is a much better inhibitor than the phenyl 
derivative (II), whereas the chlorocrotonyl derivatives 
(VII and VIII) are only slightly more active than the cro- 
tony1 derivative (V), can be visualized as a difference in 
the effect of a chlorine atom on the two series. A chlorine 
atom would be expected to exert stronger effect on the 
binding of an aromatic phenyl ring, as in the case of VI, 
than on an isolated double bond, as in VII or VIII. The 


observation that I was a better inhibitor than 111 would 
indicate that the C==C of the cyclohexenyl moiety of I 
provided additional binding to  the enzyme. This type of 
unsaturated linkage is capable of complexing with the 
enzyme via a mixture of donor-acceptor, hydrogen- 
bonding, and even hydrophobic interactions (3). 


PROCEDURES 


N-Acyltryptamines IV, V, VII, VIII, and IX were prepared by the 
treatment of tryptamine with the appropriate acid chlorides ob- 
tained commercially or prepared from the corresponding acids. 
Attempts to prepare VIII from tryptamine and trans-3-chlorocro- 
tonic acid in the presence of dicyclohexylcarbodiimide (DCC) were 
unsuccessful. Tryptamine and chlorocrotonic acid formed a salt 
which was insoluble in most organic solvents except aqueous tetra- 
hydrofuran and aqueous acetonitrile. In the latter two cases, the 
only compound isolated from the reaction was the acylurea XI 
(m.p. 163-164”, MeOH vmaX. (KBr): l700,1645(C=O); 1615 cm.-l 
(C=C). 


And-Calcd. for C17H27C1N202: C ,  62.5; H, 8.33. Found: C ,  
62.4; H, 8.35. 


0 


@NH-!-p* 


XI 


In the preparation of V, a second, higher melting crystalline com- 
pound was isolated. Dissimilarities in the IR spectra of the two 
products led to the initial assumption that one of them was disub- 
stituted amide, N,N-dicrotonyltryptamine. However, elemental 
analyses indicated that they were isomeric, whereupon the melting 
points of both analytical samples were retaken. The compound, 
which originally had a m.p. of 83-84’, now melted over a range of 
96-110”. When subjected to IR analysis, the spectrum of this sub- 
stance changed to that of the higher melting compound in 2 hr. 
Further investigation was hampered by the unsuccessful attempts to 
isolate the lower melting product in later preparations. 


EXPERIMENTAL 


Melting points are corrected and were taken on a melting-point 
apparatus. IR spectra were obtained with a spectrophotometer. 


N-Acrylyltryptamine (1V)-To a solution of 1.46 g. (10 mmoles) 
of tryptamine and 1.5 ml. (10.8 mmoles) of triethylamine in 75 ml. of 
chloroform was added, at O”,  0.73 ml. (10.2 mmoles) of acrylyl 
chloride. The mixture was stirred at ambient temperature for 4 hr.; 
then 400 mg. (28 %) of tryptamine hydrochloride was filtered off. The 
filtrate was extracted successively with 25-ml. portions of water, 2 N 
HCI, 2 N NaOH, and again water. The organic layer was dried 
(Na2S04) and evaporated in uucuo to a yellow oil. Water was added 
to a solution of the oil in MeOH until turbidity occurred. The oily 
layer, which deposited upon standing, was separated by decantation 
and dissolved in 100 ml. of boiling water. After treating with char- 


1 Mel-Temp. 
2 Perkin-Elmer, model 237B. 
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Table I-Inhibition of HIOMT by 


1eoa 
Compound R m M  


I 1-Cyclohexenyl 0.25h 
I11 C6Hll- 0.8Y 
I1 c&- 0 .  37c 


VI O-clceH4- 0,059 
IV CH, = CH- 0.90 
V CH3-CH = CH- 0.95 


VII Cl-CH = CH-(trans) 0.75 
VlIl CI, CHP-C = CH-(trans)d 0.50 
1x CI, CH3-C = CH-(cis) 0.45 


a Concentration of an inhibitor giving 50% inhibition of the enzyme. * Data from Reference 2. c Data from Reference I .  dTrans refers to the 
configuration in which the methyl and carbonyl groups are opposite one 
another. 


coal (Norit) and filtering through diatomaceous earth (Celite), the 
solution was allowed to evaporate on bench top, yielding 650 mg. 
(31 % after correction for recovery of tryptamine) of white, lustrous 
plates, m.p. 77-79". Several recrystallizations from water gave an 
analytical sample, m.p. 79-80'; vmax. (KBr): 1620 (C=O); 745 
cm.-l (indole CH). 


Anal.-Calcd. for C13HlaN,0: C, 72.9; H, 6.59; N, 13.1. Found: 
C, 72.6; H, 6.45; N, 13.0. 


N-Crotonyltryptamine (V)-In a similar manner as described in 
the preparation of IV, 10 mmoles of tryptamine was treated with 
crontoyl chloride in chloroform in the presence of triethylamine. 
After stirring at ambient temperature for 17 hr., the mixture was 
washed successively with water, 2 N HCI, 2 N NaOH, and water. 
The organic layer, after drying (NazSOn), was evaporated in uacuo, 
leaving a yellow oil which did not crystallize. Distillation of this oil 
under reduced pressure yielded a pale-yellow, viscous oil which 
became semisolid upon setting, m.p. 7678". Extraction of the oily 
distillate with boiling water and subsequent evaporation of the ex- 
tracts led to the formation of 660 mg. (30 %) of small, lustrous plates, 
m.p. 78-80". Several recrystallizations from water gave an analytical 
sample, m.p. 83-84'; urnax. (KBr): 1620 (C=O); 745 cm.-' (indole 
CH). 


And-Calcd. for C14H16N20: C, 73.6; H, 7.06; N, 12.3. Found: 
C,73.7;H,7.10;N,12.2. 


Continuous extraction of this residual oil with boiling water 
yielded additional crops of crystals. The combined crops were re- 
crystallized from water to give a higher melting v, m.p. 116-120". 
An analytical sample was obtained upon further recrystallization of 
this product from water to a constant m.p. 129-130"; vmax. (KBr): 
163O(C=O); 745 cm.-l(indole CH). 


Anal.-Calcd. for C14H16N20: C, 73.6; H, 7.06; N, 12.3. Found: 
C, 73.9; H,7.16; N, 12.3. 
N-trans-(3-Chloroacrylyl)tryptamine (VI1)-Asolution of 2.13 g. 


(20 mmoles) of trar?s-3-chloroacrylic acid and 3.0 ml. (23.5 mmoles) 
of benzenesulfonyl chloride in 15 ml. of xylene was heated at 90" for 
30 min. and then distilled at 115-128". This fraction of distillate, 
containing the acid chloride and xylene, was diluted with 15 ml. of 
chloroform and added at 0" to a solution of 3.2 g. (20 mmoles) of 
tryptamine and 4 ml. (29 mmoles) of triethylamine in40 ml. ofchloro- 
form. The mixture was stirred at ambient temperature for 17 hr.; 
filtered to remove the tryptamine hydrochloride; and treated with 
water, 2 N HC1, 2 N NaOH, and water as described in the prepara- 
tion of IV. The chloroform layer was dried (Na2S04), treated with 
charcoal, filtered, and then evaporated in uacuo, leaving a pale-yel- 
low semisolid. This product was dissolved in ether and treated with 
petroleum ether (b.p. 30-60") to cloudiness. Upon chilling, 1.25 g. 
(25 z after correction for recovery of tryptamine) of pale-yellow 
needles, m.p. 108-1 11 ', was yielded. Subsequent recrystallization 
from ether-petroleum ether (b.p. 30-60") gave an analytical sample 
as clumps of white needles, m.p. 109-110.5"; vmsx.  (KBr): 1640 
(C=O); 740 (indole CH). 


Anal.-Calcd. for CIaH13C1N20: C, 62.8; H, 5.27; CI, 14.3; N, 
1 1.3. Found: C, 62.7; H, 5.13; CI, 14.0; N, 1 1.1. 


N- trans-(3-Chlorocrotonyl)tryptamine (VIII+A mixture of 1 .O 
g. (8.3 mmoles) of trans-3-chlorocrotonic acid, 0.75 ml. (10.4 


mmoles) of SOCI,, and 6 ml. of CHCI3 was refluxed for 45 min. 
After cooling, the solution was added to a chilled solution of 2.4 g. 
(15 mmoles) of tryptamine and 2.0 ml. (14.4 mmoles) of triethyl- 
amine in 25 ml. of CHCI,. The mixture was stirred at ambient tem- 
perature for 4 hr., filtered to remove tryptamine hydrochloride, and 
concentrated to about 5 rnl. Addition of 20 ml. acetone to this CHCI, 
solution precipitated a mixture of triethylamine hydrochloride and 
tryptamine hydrochloride which was removed by filtration. The 
acetone filtrate was evaporated in vamo leaving an oil. A solution of 
this oil in chloroform was treated with water, 1 N HC1, 1 N NaOH, 
and water as described in the preparation of IV; dried (Na2S04); 
treated with charcoal; and again evaporated in uucuo. The residual 
pale-yellow oil was extracted repeatedly with hot ether. When the 
combined ethereal extract was concentrated to about 20 ml., it 
turned cloudy and thick, shiny needles deposited upon standing on 
the bench top. Addition of petroleum ether (b.p. 30-60") to  
this ethereal mixture caused the precipitation of more product; 
total first crop was 800 mg. (38z), m.p. 73-75.5". Subsequent ex- 
tractions of the original oil with ether afforded an additional crop of 
390 mg. (18%). Thus, the total yield was 56%. Recrystallization of 
the first crop several times from ether-petroleum ether gave an 
analytical sample as shiny platelets,m.p. 77-78.5"; Y,,, (KBr): 1620 
(C=O); 745 cm.-l (indole CH). NMR (CDCIa): 6 2.18 (doublet, 
CH,); 5.91 (doublet, olefinic H). Assignment of trans configuration 
was based on 3-chlorocrotonic acid (4). 


Anal.-Calcd. for Cl4HI5C1N20: C, 64.0; H, 5.75; N, 10.7. Found: 
C,64.1;H,5.86;N,10.8. 
N-cis-(3-Chlorocrotonyl)tryptamine (1x1-The procedure was 


similar to that used for VII, except that the cis-3-chlorocrotonyl 
chloride was prepared by refluxing the corresponding acid with 
PC13 in xylene and distilled at 135-140". The yellow oily product 
from the reaction was dried thoroughly in vacuo and then dissolved 
in 15 ml. of anhydrous ether. Concentration of the ethereal solution 
to about 5 ml. caused the deposition of a 44% yield (after correction 
for recovery of tryptamine hydrochloride) of yellow crystals, m.p. 
98-101 '. Addition of petroleum ether (b.p. 3&60") to the filtrate 
of the first crop gave another 44% yield of less pure material, m.p. 
89-93". Recrystallization of the first crop several times from ether- 
petroleum ether afforded an analytical sample as transparent prisms, 
m.p. 102.5-103.5"; vmar. (KBr): 1630 (C=O); 740 cm.-l (indole 
CH). NMR (CDCI,): 62.85 (doublet, CH3); 5.83 (doublet, olefinic 
H). Assignment of cis configuration was based on 3-chloroiso- 
crotonic acid (4). 


Anal.-Calcd. for C14H1,C1N,0: C, 64.0; H, 5.75; N, 10.7. 
Found: C, 63.9; H, 5.67; N, 10.6. 
Assay-Hydroxyindole-o-methyltransferase was isolated from 


beef pineal gland and purified according to the method of Axelrod 
and Weissbach (5) .  


The stock solutions of all the inhibitors were prepared in 50% 
aqueous propylene glycol. Incubation was carried out with N-acetyl- 
serotonin and S-adenosyl-L-methionine-methyl- 'C according to the 
previously described procedure (6). 
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Determination of Phenoxymethyl Penicilloic Acid 
and Phenoxyethyl Penicilloic Acid in Urine 
in the Presence of the Parent Penicillins 


JAN BIRNER 


Abstract II] Penicillin and the corresponding penicilloic acid are 
extracted by chloroform from an acidified sample of urine which 
has been partly saturated by ammonium sulfate. A portion of the 
extract is dried and redissolved in a small volume of acetone. A 
measured aliquot is chromatographed on a silica gel thin-layer 
plate by acetone-acetic acid (19: 1). The separated penicilloic acid is 
detected by starch-iodine spraying. The zones are transferred into 
glass tubes, nitrated, and neutralized by ammonia. The absorbance 
of the yellow supernatant, which is proportional to the concentration 
of penicilloic acid, is measured spectrophotometrically. 


Keyphrases 0 Penicillin, penicilloic acid in urine-penicilloic acid 
determination 0 Phenoxymethyl penicilloic acid-determination 
in urine Phenoxyethyl penicilloic acid-determination in urine 
TLC-analysis 0 Starch-iodine spray-TLC spot identification 0 
Colorimetric analysis-spectrophotometer 


Due to their instability in solution, penicillins taken 
orally or administered parenterally undergo chemical 
changes, and the breakdown products are excreted 
from the body in the urine. 


Walkenstein et aI. (1) found that between 30 and 60 
penicillin G in urine remains biologically active, the 
major degradation product being penicilloic acid. The 
data were obtained by comparison of radioassays and 
bioassays of urine. Penicillins can be estimated directly 
by several methods such as iodometric, hydroxylamine, 
or biological, but penicilloic acid in the presence of peni- 
cillin is usually found by difference. Pan (2) gives a 
method for the determination of penicilloic acid in 
penicillin G fermentation broth, which is based on 


extraction at different pH values and subsequent colori- 
metric determination. Phenoxymethyl penicillin (peni- 
cillin V) and phenoxymethyl penicilloic acid can be 
separated by paper chromatography; Roehr (3) gives 
R,  values in four different systems. 


McGilveray and Strickland (4) use TLC for identifi- 
cation of about 10 penicillins in four systems. 


It was observed that using silica gel G and acetone- 
acetic acid (19:l) in TLC penicillin V and phenoxy- 
ethyl penicillin (phenethicillin) can be separated from 
the corresponding penicilloic acids. The separated 
penicilloic acids, containing a phenolic group in the 
side chain, may be determined subsequently by a colori- 
metric method (5) by nitration, neutralization by am- 
monia, and spectrophotometric measurement. Based on 
this observation, a method has been developed that 
permits direct determination of penicilloic acid, in the 
presence of penicillin, in urine. 


The sample, partially saturated by ammonium sul- 
fate, is extracted by chloroform at pH 2, using a 1 : 5  
ratio of water to chloroform. The chloroform extract 
is dried and redissolved in acetone, and an aliquot is 
taken for chromatography on silica gel using acetone- 
acetic acid (19:l). The zones of separated penicilloic 
acid, located by starch-iodine spraying, are transferred 
into glass tubes and nitrated in the presence of the 
silica to form quinoid radicals, which are yellow in color 
in the presence of ammonia. The silica, which does not 
interfere in this process, is separated by centrifugation, 
and the supernatant is used for spectrophotometric 
measurements. 


Vol. 59, No. 6, June 1970 CI] 757 







25 50 70 100 
MICROGRAMS 


Figure 1-Starch-iodine-sprayed chromatogram of phetioxymrthyl 
penicilloic acid. 


After standing for a few minutes to allow the layers to separate, draw 
off the chloroform layer into a dry test tube, filtering through a small 
glass funnel containing filter paper on which has been placed about 1 
g. of anhydrous sodium sulfate. Transfer 5 ml. of the chloroform 
extract into a 10-15-ml. test tube fitted with a ground-glass stopper. 
Remove the chloroform by warming the test tube in a 30-40" water 
bath while blowing a gentle air current into the tube. Add 0.2 ml. of 
acetone to the dry residue, stopper immediately with a glass stopper, 
and gently agitate to dissolve the residue. 


D .  Separation of Petiicilloic Acid from Penicillin and Spectro- 
photometric Determination of Penicilloic Acid-Stock solutions of the 
prepared penicilloic acids are made by dissolving in I phosphate 
buffer, pH 7, to furnish a concentration of 10 mg./ml. From these, 
aliquots are added to  normal urine to  furnish concentrations ranging 
from 0.2 t3  I .O mg. acid/ml. Two-milliliter aliquots of these standard 
solutions are submitted to Procedure C. Using a microsyringe, apply 
the standards and samples, usually 2O-pl. aliquots, each equivalent 
to 0.1 ml. of original sample or standard, to the plate in duplicate 
using four application sites for one plate. Develop without delay the 
plates containing samples and standards by acetone-acetic acid 
(19 : 1) in a covered jar lined with filter paper until the solvent front 
advances 12-14 cm. After drying, spray the plates with starch-iodine 
solution. The penicilloic acid appears as an elongated spot starting 
new the point of application, being more elongated at  a higher con- 
centration. The penicillin spots, less marked, appear near the liquid 
front. and the separation is complete. The amount of the sample 
applied to the plate may be varied depending upon the concentra- 
tion. 


Scrape the white zones containing penicilloic acid onto a 
square of glossy paper and quantitatively transfer into 11.5 X 1.5- 
cm. glass centrifuge tubes. Add 0.5 ml. of 10% potassium nitrate in 
concentrated sulfuric acid to  each tube. Immerse the unstoppered 
tubes in boiling water for 15 min., stirring occasionally by rotation. 
After cooling, run 1.5 ml. of distilled water into each tube. Mix the 
solutions by swirling and cool the tubes in ice water. Add 5 ml. of 


EXPERIMENTAL 


Reagents-Ammonium sulfate A.R. ; sodium sulfate anhydrous 
A.R.; chloroform B.P.; sulfuric acid, 12 N A.R.; acetone A.R.; 
silica gel G according to Stahl for TLC; glacial acetic acid; sodium 
hydroxide, 2.5 N ;  phosphate buffer, l x ,  pH 7; n-butanol; 10% 
potassium nitrate in concentrated sulfuric acid; ammonia 0.880 sp. 
gr. A.R.-water (1 : I ) ;  starch, soluble A.R.; 0.1 N iodine in 4z 
potassium iodide A.R. 


Procedure-A. Preparation of Thin-Layer Plates and Starch- 
Iodine Spray-Using CAMAG hand-operated apparatus, glass 
plates, 20 X 10 cm., were coated with silica gel slurry sufficient to 
produce a thickness of 250-300 p after drying. The plates were dried 
in an oven at 80" and finally kept at  room temperature exposed to  
the atmosphere. The starch-iodine solution was prepared by mixing 
50 ml. of 1 soluble starch solution, 3 ml. of glacial acetic acid, and 
1 ml. of 0.1 N iodine. 


B. Preparation of Penicilloic Acid-I. Prepare phenoxyniethyl 
penicilloic acid by dissolving 8.5 g. of penicillin V in 80 ml. of water 
and 9 ml. of 2.5 Nsodium hydroxide. Keep the solution overnight at  
4-8 '. After addition of 14ml. of n-butanol, neutralize the solution by 
addition of dilute sulfuric acid, while mixing and cooling, until a 
precipitate fonns. Filter off the precipitate, wash several times with 
water, and dry for 4 hr. at 36" and then in a desiccator over PtO:,; 
m.p. 121-122"(dec.). 


2. Prepare phenoxyethyl penicilloic acid by dissolving 8.5 g. of 
phenethicillin in 80 ml. of water and 9 ml. of 2.5 N sodium hydrox- 
ide. Stir the solution for 0.5 hr.; then add 14ml. of n-butanol. Add 
slowly, while mixing and cooling, 2 N sulfuric acid, until the pH 
reaches approximately 2.8 (approximately 25 ml.). Filter off the 
precipitate, wash several times with water, and dry at  36" overnight 
andtheninadesiccator over R O a ;  m.p. 113-114". 


C.  Preparation o f a  Sample-Pipet 2 ml. of urine into a suitable 
glass-stoppered separator, add 1.5 g. of powdered ammonium 
sulfate, and mix by swirling to dissolve. Add 10 ml. of chloroform by 
means of pipet and 0.12 ml. of 12 N sulfuric acid which results in a 
pH of approximately 2. Stopper, and shake immediately for 1 min. 


0 1 2 6 
HOURS 


Figure 2-Chromutogram for chloroforni extract f,.orn 0. I ml. urine 
from Subject 2, phenoxyethyl petziciUin-treuted. Key: A, phenoxy- 
ethyl penicillin; B ,  phenoxyetliylpenicilloic acid. 
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Table I-Penicillin and Phenoxymethyl Penicilloic Acid 
in Urine (mcg./ml.) 


---Donor 1 (79.7 kg.)a--. ---Donor 2 (78.8 kg.+ 
% z 


Pav. Pav. 
Pen. In Pen. in 


Hr. Vb Pav.c Total Total V Pav. Total Total 


I 214 45 259 17.4 308 40 348 11.5 
2 214 50 264 18.9 471 160 631 25.4 
3 372 290 662 43.8 5 6 4  385 949 40.6 
4 118 160 278 57.6 322 320 644 49.7 
6 48 95 143 66.4 45 60 105 57.1 


~ ~~~~~~~~~ ~~ ~ ~ ~ 


-----Donor 3 (50.7 kg.)---- --Donor 4 (78.8 kg.)- 
% % 


Pav. Pav. 
Pen. in Pen. in 


Hr. V Pav. Total Total V Pav. Total Total 


1 1375 900 2275 39.6 348 250 698 35.8 
2 468 850 1318 64.5 855 620 1575 39.4 
3 228 540 768 70.3 434 440 874 50.3 
4 57 280 337 83.1 224 370 594 62.3 
6 22 150 172 87.2 69 320 389 82.3 


a Numbers in parentheses refer to body weight. b Pen. V = phenoxy- 
methyl penicillin. c Pav. = phenoxymethyl penicilloic acid. 


half-strength ammonia (ammonia 0.880 sp. gr. mixed with water, 
1 :1) gradually from a buret and again mix the contents of the tubes 
by swirling and cool. After cooling, occlude the tubes with a thumb 
protected by rubber and shake several times. Centrifuge the tubes 
for 10-15 min. at 2000 r.p.m. Remove and measure spectrophoto- 
metrically at 420 mp the yellow supernatant, using 10-mm. cells and 
setting the instrument on a clear blank obtained by boiling 0.5 ml. of 
nitrating mixture diluted with 1.5 mi. of water and 5 ml. of diluted 
ammonia. From the undeveloped part of the glass plate, scrape off, 
in duplicate, areas of surface equal to the areas extracted for peni- 
cilloic acid and put them through the same procedure as the samples 
to serve as a blank. Any value obtained from this latter is subtracted 
from the values for samples and standards. 


From the values of the standards, plot a curve and obtain data for 
samples. 


To provide typical natural samples for illustration of the method, 
an experiment was carried out to determine the amount of penicilloic 
acid present in samples of urine in a group of four volunteers taking 
penicillin orally. Two penicillins were used in the experiment- 
phenoxymethyl penicillin (penicillin V) and phenoxyethyl penicillin 
(phenethicillin). The amount of penicillin taken orally was 0.5 g. of 
the potassium salt. The urine samples were collected at 0, 1, 2, 3,4,  
and 6 hr. and immediately kept in an ice water bath. All volunteers 
were adult males, coded 1,2, 3, and 4, weighing 79.7,78.8, 50.7, and 
78.8 kg., respectively. The amount of penicillin in each sample was 
determined by biological assay. The result for zero-hour samples was 
nil both for penicilloic acid and penicillin. From the data given by 


Table 11-Phenethicillin and Phenoxyethyl Penicilloic Acid in Urine, mcg./ml. 


1 2 3 0.25 rncg. PHENOXY- 


HOURS 
ETHYL PENlClLLOlC ACID 


Figure 3-Chromatogrum of chloroform extract from 0.1 ml. urine 
from Subject 2, phenoxyethyl penicillin-treated. Key: A ,  phetioxy- 
ethyl penicillin; B, phenoxyerhy f pmicilloic acid, 


assays of penicillin and penicilloic acid, the percentage of the latter 
was calculated. The data for penicillin V are presented in Table I; 
the data for phenethicillin are presented in Table 11. 


A photograph of a developed starch-iodine sprayed plate contain- 
ing a set of standards of phenoxymethyl penicilloic acid is shown 
(Fig. 1). 


A photograph of a similar chromatogram of samples for phen- 
ethicillin from Donor 2 at 0, 1, 2, and 6 hr. is shown (Fig. 2). 
Samples from this same donor at 1, 2, and 3 hr. and a 25-mcg. 
standard of penicilloic acid are shown in Fig. 3. 


Accuracy of Method-To aliquots of normal urine to which 
penicillin V had been added to a concentration of 2.5 mg./ml., 


- - ~ -  Donor 1 (79.7 kg.)-. Donor 2 (78.8 k g . ) + - - -  


PHA 
Phenet h- % of Phenet h- z of 


Hours icillin PHAa Total PHA icillin PHA Total 
~ 


1 254 280 534 52.4 428 170 598 28.4 
2 369 380 749 50.7 417 300 717 41.8 
3 369 345 714 48.3 494 280 774 36.2 
4 204 160 364 44.0 374 220 594 37.0 
6 77 40 117 34.2 145 70 215 32.5 


r Donor 3 (50.7 kg.) - Donor 4 (78.8 kg.) - 
Pheneth- % of Pheneth- % of 


Hours icillin PHA Total PHA icillin PHA Total PHA 


1 2414 1300 3714 35.0 390 370 760 48.7 
2 963 850 1813 46.9 902 550 1452 62.1 
3 277 380 657 57.8 471 770 1241 62.0 
4 131 200 33 1 60.4 390 360 750 48.0 
6 41 50 91 55.0 101 80 181 44.2 


a PHA = Phenoxyethyl penicilloic acid. 
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phenoxymethyl penicilloic acid was added to furnish concentrations 
of 0,0.25, and 0.5 mg./ml. These solutions, together with standard 
phenoxymethyl penicilloic acid preparations as in Procedure D, 
were submitted to Procedures C and D. Recoveries ranged from 92 
to 100%. Similar results were obtained with phenethicillin and 
phenoxyethyl penicilloic acid. 


Extraction Efficiency-Under the described conditions the ex- 
traction of phenoxymethyl and phenoxyethyl penicilloic acids from 
aqueous solutions by chloroform was between 88 and 92% com- 
plete. This was confirmed by assaying, by nitration, samples con- 
taining 0.5 mg./ml. and I mg./ml. directly and after extraction. 


DISCUSSION 


The yellow quinoid radical produced by nitration of these com- 
pounds that originate from the phenolic group could be produced if 
phenol or its derivatives were present in the sample used for nitra- 
tion. 


During numerous assays of urine samples without penicillin or 
penicilloic acid, the blank value of the chromatographed chloroform 
extract was close to or similar to the normal blank value, indicating 
that phenolic compounds present in urine do not interfere with this 
assay. The difference in R, values for penicillins and for the cor- 
responding penicilloic acids probably derives from the fact that the 
former are monobasic acids, which generally have high values com- 
pared with dibasic acids to which class the latter belong. The R ,  


value of phenoxyacetic acid in the method used is higher than that of 
penicillin; possible interference by this acid, if present in the extract, 
is thus eliminated. 


The data given in Tables I and I1 provide an example only of the 
information obtainable using this method. No attempt has been made 
to correlate the results with liquid intake, excretion volumes, or 
other controllable factors. 
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Kinetics and Mechanisms of Drug Action 
on Microorganisms X: Action of Spectinomycin 
on Escherichia coli by Microbial Kinetics 


JOBST B. MIELCK and EDWARD R. GARRETT* 


Abstract 0 The steady-state growth of Escherichiu coli cultures, 
N = NoeXo', is slowly inhibited by spectinomycin to a new steady 
state with a new rate constant, k,,,. The k,,,. is linearly dependent 
on drug concentration, S, above a certain minimum concentration 
of spectinomycin, S* ; i.e., kit,,,. = ko - ks(S - S*). This minimum 
concentration is a function of the concentration of the media and 
can be assigned to binding or removal of microbiologically effective 
spectinomycin as protonated material by the components of the 
media. The logarithm of the inhibitory constant, ks,  linearly 
increases with the pH of the media to pH 7.6, and this implies that 
only uncharged material is biologically active. The slow rate of 
achievement of a drug-equilibrated, steady-state, microbial genera- 
tion rate can be reconciled with a relatively rapid reequilibrated 
ra!e on dilution with fresh media by postulating depletion of a cell- 
ge ierated vital metabolite linked to the growth rate of the micro- 
orL3nism. 


Keyphrases 0 Microorganisms-mechanism, kinetics, drug activity 
Kinetics, mechanism-spectinomycin activity 0 Spectinomycin 


action, E. coli-kinetics, mechanism 0 pH, organism population, 
nutrient concentration, effects-spectinomycin-affected generation 
rates 0 E. coli generation rates-spectinomycin concentration 


The aminoglycoside spectinomycin has anti bacterial 
activity against a variety of Gram-positive and Gram- 
negative microorganisms (1). The inhibitory action is 
bacteriostatic and is reversed by washing the drug- 
affected cells (2). The antibiotic forms a stoichiometric 
1 : 1 complex with the 30-S ribosomal subunit extracted 
from Escherichia coli. The formation of this complex 
blocks some steps in the translocation of the peptidyl- 


RNA from the acceptor site for aminoacyl t-RNA to the 
peptidyl donor site. Protein synthesis is thus inhibited 
(2). 


The determination of the generation rates of E.  coZi 
as a function of the concentrations of a variety of 
antibiotics and chemotherapeutic agents has estab- 
lished a useful procedure to quantify the effects of 
drugs on the time course of bacterial generation (3-8). 


The purposes of this study are to determine kinet- 
ically the inhibitory effects of spectinomycin on the 
generation rate of E. coIi in defined concentration 
ranges and to evaluate the effects of variable inoculum 
size, concentration, and pH of the culture medium on 
drug activity. 


EXPERIMENTAL 


Test Organism-Replicate slants of E. coli strain B/r were used in 
all experiments. The slants had been prepared from a single colony 
and were stored in a refrigerator at 4". 


Culture Media-Antibiotic medium 3 was rehydrated according 
to the specifications of the manufacturer. The media were filtered 
twice through Millipore 0.45 p HA filters and autoclaved at 120" 
for 15 min. The pH of the media was 7.05 & 0.05. Various amounts 
of Millipore-filtered 1.7 N HCl and 2.0 N NaOH, respectively, 
were added aseptically after the sterilization to obtain pH values 
within a range of 7.50 to 5.87 for the investigation of the anti- 


] Bacto Antibiotic Medium 3, Difco Laboratories, Detroit, Mich. 
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acids, the latter being present either in food or generated in the small 
intestine by the action of digestive enzymes on dietary triglycerides. 
Such a competition, depending on the nature and relative concentra- 
tion of the fatty acid, could cause a reduction in the therapeutic 
efficiency of cholestyramine to sequester certain bile salt anions. 
Studies to determine the nature and extent of any competition 
which may exist between bile salt anions and other physiologic 
substances for the binding positions on cholestyramine are in 
progress and will be the subject of subsequent communications. 
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Flexible Nonisothermal Stability Studies 


H. V. MAULDING and M. A. ZOGLIO 


Abstract 0 A method is described which allows ad libitum tem- 
perature adjustment during the course of a nonisothermal kinetic 
study. The data obtained are compared to theoretical degradation 
patterns to obtain from a single experiment activation energy, 
reaction rates, and stability predictions at any desired temperature. 
The inversion of sucrose and the hydrolysis of ethyl acetate are 
studied to demonstrate the validity of the theory and the advantages 
of the method. 


Keyphrases 0 Stability studies-flexible, nonisothermal Kinetic 
equations-flexible nonisothermal stability studies 0 Sucrose 
inversion-nonisothermal stability methodology 0 Ethyl acetate 
hydrolysis-nonisothermal stability methodology 0 Polarimetry- 
analysis 


The field of nonisothermal kinetics has grown con- 
siderably in popularity since the classic treatment by 
Rogers (1) was published in 1963. Since then numerous 
publications have appeared in the literature utilizing 
nonisothermal techniques (2,3). Others have introduced 
new ideas and techniques to  the field (4,5). The objective 
of this study is to eliminate the need for a fixed time- 
temperature profile during the course of a nonisothermal 
study. The advantages of such an approach lie in the 


freedom to change temperature at a rate consistent with 
analytical findings and also in minimizing experimental 
requirements. The method involves the subjection of a 
solution of the substance for study to changing temper- 
ature to  provide sufficient breakdown for calculation of 
activation energy, reaction rates, and stability predic- 
tions. The degradation is controlled by adjusting the 
rate of change of temperature according to  analytical 
findings during the experiment. The time-temperature 
data are fitted to  a polynomial expression of sufficient 
degree to  describe the changes. This relationship and the 
experimental data are then combined and utilized to  
synthesize a series of degradation pathways correspond- 
ing to  different levels of activation energy. The curves 
are compared to the experimental analytical data to 
obtain the correct energy of activation for the reaction. 
Utilizing this activation energy and the analytical data, 
reaction rate and stability calculations can be made. 


THEORETICAL 


Consider a drug in solution degrading according to some un- 
changing reaction order as in Fig. 1. Drug concentration can then 
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TIME 


Figure I-Hypothetical drug degradation in sohtion during a jlex- 
i6le nonisothermal experiment. 


be considered to be a time-dependent function, where the instanta- 
neous rate of change of drug concentration is related to the total loss 
in drug concentration by the following expression: 


b 
f (4  - fW = f'(W (Eq. 1) 


where f ' (Q represents drug concentration as a function of time. 
Dividing both sides of EQ. 1 by (6 - c) yields 


If cc to tb is divided into two equal increments, 


which is equivalent to saying that the tangent of triangle abc is equal 
to the arithmetic average of the tangents of triangles aed and ebf. If 
this concept is extended to include more triangles of equal base. the 
tangents of these triangles will approach slopes on the curve ae6 as 
the number of triangles is increased. This is a somewhat intuitive way 
of looking at the following expression: 


where ki represents the slope of the ith triangle and n equals the 
number of triangles being considered. Since each triangle describes 
some equal and individual interval At, the question is raised as to 
how large a value of n is needed for the tangent of each triangle to 
approach the slope on the curve ae6 for each interval At. 


Consider the zero-order case where 


C here representing concentration. If At is very small the slope over 
this interval could approximate the rate over an isothermal interval. 
The rate constant corresponding to kl of Eq. 4 may be represented 
by the following expression, 


kl = a*e-E/RTi (Eq. 6, 


where E is activation energy, R is the universal gas constant, and T 
is temperature. 


The concentration at the end of the first interval would be 


If the temperature is changed to TI for the same increment of time 
and then to TP and so on, then after n increments the concentration 
would be 


Therefore, 


where k.  represents the average rate constant for n discrete values. 
For the time interval t, to tb of Fig. 1 ,  temperature will most likely be 
related to time in a manner which can be described mathematically. 
The assumption is thus made that 


Ti = G(ti) 0%. 10) 


where the relationship can be obtained perhaps by some polynomial- 
fitting technique. Consider the function 


An upper Rieman sum for the interval t, to tb would be 


As the value of n approaches infinity, this sum will approach 


which implies through Eqs. 2 and 4 that for very large n a discrete 
curve over the interval tc to tb should approach the smooth curve, 
and the average value of k should not differ significantly from the 
quantity 


f ( b )  - f(c] 
b - c  


319.00 . 


318.00 


317.00 
s 
w- 316.00 
LL 
3 5 315.00 
2 314.00 
E 
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W c 
313.00 


311.00 I 
0.0 1.0 2 .o 3.0 4.0 


TIME, hr. 


Figure 2-Time-temperature relationship for nonisothermal acid- 
catalyzed inversion of sucrose (a). Key: @, mathematical fit; and 0, 
experimental poin ts. 
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Table I-Convergence for the Acid-Catalyzed Inversion of 
Sucrose (Experiment a) for the Expression 


~~ ~~ ~ 


Value of Expression for 
Value E = 10 E = 15 E = 20 E = 25 E = 30 
of I1 kcal. kcal. kcal. kcal. kcal. 


100 1.228 1.360 1.512 1.684 1.883 
200 1.222 1.355 1.504 1.676 1.874 


In order to utilize Eq. 4, the magnitude of n needed for the equation 
to be of use must be determined. If all rates in Eq. 4 are expressed 
in terms of one rate (kl) ,  then 


"') - '") = ( k l  + kl exp E/R [(T, - Tl)/(TlT2)] + . ' . x b - c  


, ~- 
n 


The convergence of the expression 


for various values of E at increasing levels of n can be used to find a 
value for n.  Upon obtaining n, Eq. 15 can be used to calculate kl for 
a particular activation energy. The remaining rates necessary to 
synthesize a model degradation pathway for this energy of activa- 
tion are calculated through the Arrhenius equation. The calculations 
are repeated for a series of activation energy values to obtain a family 
of degradation pathways. The experimental degradation pathway is 
then compared to the theoretical pathways to obtain the energy of 
activation for the reaction. Rates can be calculated using Eq. 15 and 
the Arrhenius equation. Stability predictions can then be made by 
integration of the proper rate equations. The arguments presented 
in the theory are applicable to reaction orders other than zero and 
can be realized through the same type of reasoning. 


EXPERIMENTAL 


Sucrose-A 40% w/v sucrose solution in distilled water was 
prepared and 400 ml. of this solution thoroughly mixed with 200 ml. 
0.05 N HCI. Aliquots (30 ml.) of this stock solution were pipeted 
into 50-ml. ampuls which were flame sealed and immersed in a 
water bath. The water bath was fitted with a thermoregulator' and 
thermometer (0.1 graduations). The thermometer was immersed in 
an unsealed ampul containing the reaction mixture for determina- 
tion of the temperature inside the reaction solution. Sufficient time 
was allowed for equilibration of the temperature in the reaction solu- 
tion before the nonisothermal run was begun. Following tempera- 
ture equilibration an initial sample was taken and the water bath 
temperature was increased by manual manipulation of the thermo- 
regulator at an appropriate rate, with samples being removed for 
analysis at convenient intervals and the temperature continuously re- 
corded. 


For analysis the ampuls were cooled and opened, and the solution 
was diluted with 50 ml. 0.1 N NaOH. This solution was read on a po- 
larimeter2 using the sodium D line. Sucrose concentration is directly 
proportional to (at  - am)  where CY is the optical rotation. The rota- 
tion at time infinity, am, is determined by heating a sample at 90" for 
2-3 hr., diluting with 0.1 N NaOH, and reading in the usual manner. 


1 115-v., 60-cycle thermoregulator, Brownell Sci. Div., Will Corp., 


2Model 70 polarimeter, 0. C. Rudolph and Sons Inc., Caldwell, 
Rochester, N. Y. 
N. J. 
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Figure 3-Model degrada tion curves for notiisothermal acid-catalyzed 
inversion of sucrose (a).  Key: - - -, experimental data. 


Ethyl Acetate-A solution of 25 ml. (22.45 g., 0.255 mole) of 
ethyl acetate in 500 ml. 0.1 N HC1 was prepared (0.5096 mole/l.) and 
25-ml. aliquots pipeted into 50-ml. ampuls which were heat sealed. 
These ampuls were immersed in a water bath fitted with a thermo- 
regulator and thermometer (0. I graduations). The thermometer 
was immersed in one of the unsealed ampuls containing the ethyl 
acetate solution, and the temperature of this solution was allowed to 
become constant. An initial sample was taken and the nonisothermal 
run was begun by hand manipulation of the thermoregulator at an 
appropriate rate of temperature increase. Samples were taken for 
analysis at convenient times and the temperatures continuously 
recorded. 


The ampuls were quickly cooled under ice water. Five milliliters of 
solution was pipeted into a 250-ml. conical flask containing 50 ml. 
ice water and the flask immersed in ice water. A titration with 0.05 N 
NaOH was then performed using phenolphthalein as the indicator. 
Correction was made for the initial HCI content of the solution, with 
the remainder of NaOH consumed being proportional to the amount 


320.00 
319.00 
318.00 ' 
317.00 * 


316.00 . 


0 0.2 0.4 0.60.81.01.2 1.4 1.6 1.8 2.02.2 2.42.6 2.8 3.0 
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Figure &Time-temperature relationship for tlonisothermal acid- 
catalyzed hydrolysis of ethyl acerate. Key: 0, mathematical fit; 
and 0, experimenralpoints. 
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Table 11-Convergence for the Acid-Catalyzed Hydrolysis of 
Ethyl Acetate for the Expression 


. 319.73. 
i? 
J318.63- 
LT 
3 317.54. 
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2 316.45. 


315.36- 


C 314.27. 


Table 111-Convergence for the Acid-Catalyzed Inversion of 
Sucrose (Experiment b) for the Expression 
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0 
0 


8.0 
0 


0 .9 
0 O0 


O d  


I Value of Expression for 7 


Value E = l O  E = l 5  E = 2 0  E = 2 5  E = 3 0  
of n kcal. kcal. kcal. kcal. kcal. 


Value of the Expression for 
Value E = 10 E = 15 E = 20 E = 25 E = 30 
of n kcal. kcal. kcal. kcal. kcal. 


- 
100 1.488 1.836 2.288 2.881 3.661 
200 1.481 1.826 2.275 2.863 3.635 


100 1.454 1.755 2.126 2.587 3.158 
200 1.448 1.749 2.119 2.579 3.150 


of acetic acid present. The average value of three titrations per 
sample was taken and the moles of acetic acid present calculated and 
subtracted from the ethyl acetate initially in solution for use in the 
first-order calculations. 


RESULTS AND DISCUSSION 


The time-temperature relationship for the acid-catalyzed inversion 
of sucrose is illustrated in Fig. 2. This relationship is described by the 
following polynomial expression, 


temp. = 311.66 + 1.7482t + 0.086257tl - 0.013662t3 


When the expression was utilized to calculate the number of rates 
necessary to describe a degradation curve adequately for the experi- 
ment, 200 rates were found necessary. The criterion used to deter- 
mine convergence was a change of less than 1 ,% with an increase in n 
of 100 in the value of that portion of Eq. 15 used to test convergence. 
The convergence for this experiment is shown in Table I. 


The model degradation pathways for the five activation energies 
considered in Table I were calculated and are represented in Fig. 3. 
Hours 1-3 of the experiment are represented. The model curves tend 
to lie very close to each other for the early and final stages of the 
experiment and do not contribute to an accurate activation energy 
determination. The experimental points are averages of results from 
six separate samples and yield an activation energy of about 28 kcal. 
This is slightly higher than the reported values of 25-27 kcal. (6).  


The time-temperature relationship for the acid-catalyzed hydroly- 
sis of ethyl acetate is shown in Fig. 4. The relationship can be de- 
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Figure 5-Model degradation curves for nonisothermal acid-catalyzed 
hydrolysis of ethyl acetate. Key: V, experimental curve; and 0, model 
curves. 


scribed by the following polynomial expression, 


temp. = 305.26 + 4.4450r + 1.6114r2 - 2.2298t3 + 
0.98356t4 - 0.070209P + 0.011573P - 


0.034019r7 + 0.0076531r8 


The convergence testing for this experiment is shown in Table I1 and 
resulted in a value of 200 rates to describe adequately the model 
degradation curves. 


The model curves for this experiment are shown in Fig. 5 for hours 
0.45-2.55 of the 3-hr. experiment. Segments of the model curves 
were eliminated for the reasons given for the sucrose experiment. 
Since the analytical points in this experiment were scattered, they 
were averaged and fitted to a second-degree polynomial to yield the 
smooth experimental curve shown in Fig. 5. The activation energy is 
approximately 17 kcal., which is in good agreement with the values 
of 16.5-17.3 kcal. reported in the literature (7).  


The time-temperature profile of a second sucrose inversion experi- 
ment is given in Fig. 6.  This experiment was essentially a test of the 
limits of flexibility of this method. A fair mathematical fit to this 
time-temperature relationship is given by the following equation, 


temp. = 311.23 + 54.44% - 20.70t2 - 350.95t3 + 
406.57t' + 187.83t5 + 50.62t6 - 899.2W + 


776.93t8 - 193.08t9 


The convergence testing for this experiment showed a requirement 
of 200 rates to describe degradation. The results are given in Table 
111. 


The rapid convergence is probably due to the brevity of the ex- 
periment. The model curves for the experiment are shown in Fig. 7 .  
The experimental curve is not as smooth as in the first sucrose ex- 
periment, but the activation energy of about 27 kcal. is in good agree- 
ment with the sucrose experiment The model curves for this experi- 
ment are drawn for hours 0.45-0.9 of the experiment.The tendency of 
the curves to group very closely together at the beginning and second 
half of the experiment was the reason for their elimination. In the 
three experiments the assumption of first order was made. Reaction 
orders other than first are handled by choosing the proper concen- 


323.00 


321.90 


320.82 


313.18 


312.09 


311.00 
0.0 0.25 0.5 0.75 1.0 1.25 


TIME, hr. 


Figure 6-Time-temperature relationship for nonisothermal acid- 
catalyzed inuersion of sucrose (h). Key: e, mathematical f i t ;  and 
0, experimentalpoints. 
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data obtained from the single experiment allow calculation of 
activation energy, reaction rate, and shelf-life prediction. To obtain 
this information a series of theoretical degradation pathways are 
synthesized by utilizing the experimental time-temperature relation- 
ship and initial and final analytical points. The concentration-time 
plot for degradation is then compared to the model curves to obtain 
the energy of activation for the reaction. Calculations using analyti- 
cal data and the activation energy are then used to determine reac- 
tion rates and stability predictions at desired temperatures. In addi- 
tion to the flexibility of temperature adjustment introduced, the ad- 
vantages of the method lie in the use of a single experimental unit, 
the analysis of one set of samples, the shorter time required for com- 
pletion of the experiment, and the use of readily available laboratory 
equipment. Disadvantages (8) lie in the need for a separate experi- 
ment to determine the order of the reaction, the nonapplicability of 
the technique in situations where equations cannot be made linear 
(as in equilibria), the need to compensate for ionic strength effect 
with change in temperature, and the sometimes difficult task of fitting 
an equation to the experimental time-temperature data. The ap- 
proach is also limited by assay precision, constancy of activation 
energy, and applicability of the Arrhenius equation. 
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0.425 0.525 0.625 0.725 0.825 
TIME, hr. 


Figure 7-Model degradution curves for nonisoihermal acid-catalyzed 
inversion of sucrose (b).  Key: V, experimentul curce; and 0--, model 
curves. 


tration function for calculation of model degradation pathways. The 
calculations in the study were performed utilizing a quiktran 


SUMMARY 


A method which eliminates the disadvantages of fixed time- 
temperature relationships in nonisothermal kinetic studies has been 
developed. The investigator utilizing this method may change 
temperature during the experiment to fit analytical findings. The 


3 The quiktran program used for the entire treatment will be provided 
to interested parties upon request. 
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Determination of Trace Amounts of Water in Glycerides by 
Near-Infrared Spectroscopy 


R. J. WARREN, J. E. ZAREMBO, C. W. CHONG, and M. J. ROBINSON 


Abstract 0 A rapid accurate method for determining trace amounts 
of water in glycerides is presented. The method is based on the 
measurement of the combination band for water which occurs at 
1.896 ,LI in chloroform solution. In addition to the advantage of 
making it possible to work at low levels, the method is specific for 
water and free of interferences due to other OH groups. Several 
commercial samples of glyceryl mono- and distearates were an- 
alyzed by this method, and showed water contents of 0.4 to  1.2%. 


Keyphrases 0 Glycerides-water determination Water deter- 
mination-trace amounts Near IR spectrophotometry-analysis 


During the authors’ investigation of methods for the 
analysis of mono-, di-, and triglycerides, it became 
necessary to develop a rapid and accurate method for 
the analysis of trace amounts of water. Chemical meth- 
ods, such as the Karl Fischer technique, were tedious, 
time-consuming, and/or unsatisfactory for these par- 
ticular needs. Solution spectra on conventional IR in- 
struments were rejected because of the many over- 
lapping absorption bands from the various -OH groups 
in the glyceride molecule itself. Near-IR spectroscopy 
was investigated to determine the feasibility of using 
this technique to  determine the OH absorption of water 
in the presence of OH groups on the glyceride molecule. 
It was found that OH groups in different molecular 
environment, such as water or glyceride -OH’S, do 
behave differently, and are amenable to investigation 
by near-IR spectrophotometry. This has also been 
shown by others (1). The absorption of water OH, 
attributable to  a combination band of the OH group 
(2,3), occurs at 1.896 p in chloroform solution. The var- 
ious OH groups of the glyceride molecule are found in 
the vicinity of 1.430 and 2.100 p (4). This leaves the 
area of water absorption free from OH absorptions 
related to  the materials under investigation, and pre- 
sents us with a method specific for water and free from 
interfering substances. 


EXPERIMENTAL 


Glycerides were obtained from the Kessler Chemical Company. 
The glycerides are commercial samples consisting of a mixture of 
mono-, di- and tripalmitate, stearate and glyceryl esters. There are 
also traces of free glycerol, stearic, palmitic, myristic, and other 
unknown acids in trace amounts. Duplicate analyses of these sam- 
ples, made using the proposed method, showed 1.2,1.4,0.4,0.5, and 
0.8% water. 


The near-IR spectra were obtained on a Cary model 14 recording 
spectrophotometer, using matched fused silica cells of infrared 
quality having a light path of 5 cm. Chloroform was used as a sol- 
vent and as solvent compensator in the reference beam. 


RESULTS AND DISCUSSION 


The method for the determination of water in glycerides is as 
follows: transfer about 2.5 g. of sample, accurately weighed, to a 
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Figure 1-Spectra obtained from calibration curve (see text for cal- 
culation). 


50-ml. volumetric flask; dissolve in, and dilute to volume with chlo- 
roform. Record the absorption spectrum of this solution uersus 
chloroform in 5cm. cells from 1.930 to 1.850 p. Measure the differ- 
ence (AA) between the absorbances at 1.896 and 1.920 p. From a 
calibration chart of standards, determine the percent of water 
present. 


= water wt. of water present (from chart) X 100 
wt. of glyceride sample calculation: 


The calibration or standard curve is prepared as follows: dissolve 
known amounts of water in 50 ml. of chloroform, and run the ab- 
sorption spectrum on the Cary Model 14 in 5-cm. cells from 1.930 to 
1.850 p. Measure the difference (AA) between the absorbances at 
1.896 and 1.920 p .  Plot the absorbance uersus concentration values 
to prepare a calibration curve. 


The spectra obtained from the calibration curve are shown in 
Fig. 1. Plotting these values against the concentration or percent 
water produces the calibration or working plot shown in Fig. 2. 


This method has the advantages of being rapid, accurate for small 
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amounts of water, and free from interferences. In addition, it makes 
it possible to determine water down to the level of 0.05% based on 
an initial sample weight of 2.5 g. 
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Fig. I plotted against concentration. 
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A minos teroids 


ARVIN P. SHROFF 


Abstract Synthesis of 17p-acetamido-6~~,16cu-dimethylandrost- 
4-en-3-one and 3-aza-l7p-acetamido-6~~,16cu-dimethylandrost-4a- 
en-4-one uia Beckmann and Schmidt rearrangement has been de- 
scribed. Both of these compounds were judged inactive when sub- 
jected to Herschberger androgen-anabolic assay. 


Keyphrases 17p-Acetamido-601, 16~~-dimethylandrost-4-en-3- 
one-synthesis 0 3-Aza-17~3-acetamido-6~~, 16~~-dimethylandrost- 
4a-en-4-one-synthesis 0 UV spectrophotometry-identity IR 
spectrophotometry-identity 


Torizuka et al. (1) while investigating the dynamics 
of protein metabolism in man, found that anabolic 
steroids such as 19-nor-testosterone phenylpropionate 
and 4-chlorotestosterone acetate, did not inhibit 
degradation of protein but exclusively stimulated its 
synthesis. The primary site of action is possibly at  the 
nuclear level for the production of RNA’s essential for 
protein biosynthesis (2). There are a large number of 
theoretical possibilities by which an androgen molecule 
can stimulate this RNA production. One of them sug- 
gested by Hiibener (3) would be to inhibit a repressor 
aimed at an operator gene and controlled by a regulator 
gene. The interaction between androgen molecule and 
protein has been reported by Westphal(4) and that this 
interaction is on the @-face of the steroid molecule 
was suggested by Wolff et al. (5). 


This work was initiated to  investigate this hy- 
pothesis and to see if creation of high electron densi- 
ties in Ring A and D would impart or enhance biological 


response. 6or, 16a-Dimethylprogesterone was chosen for 
these molecular modifications. Treatment of I with 
pyrrolidine gave the enamine I1 which could be con- 
verted into 20-oximino Compound I11 with hydroxyl- 
amine hydrochloride. Beckman rearrangement of I11 
using thionyl chloride, followed by acid hydrolysis 
gave the desired 17p-acetamido-6or, 16a-dimethylan- 
drost-4-en-3-one (IV). Compound I when subjected 
to Schmidt rearrangement gave 3-aza- 17p-acetamido- 
601,16a-dimethylandrost-4a-en-4-one (V). The spectral 
data confirmed all the structural assignments. Com- 
pounds IV and V were subjected to Herschberger 
androgen-anabolic assay (6) and judged inactive (see 
Scheme I). 


EXPERIMENTAL 


All melting points were taken on a Fisher-Johns melting point 
apparatus and are uncorrected. The UV and IR data were obtained 
on Cary Model 11 and Beckman IR-5 spectrophotometers, re- 
spectively. Elemental analyses were performed by Midwest Micro- 
lab, Inc., Indianapolis, Ind. 
3-[l-Pyrrolidinyl]-6-16~~-dimethylpregn-3,5-dien-2O-one (II&Two 


grams of I was dissolved in 10 ml. of MeOH with heat and treated 
with 10 drops of pyrrolidine. Heating was continued for an addi- 
tional 5 min. when copious precipitates of enamine separated. 
The precipitates were collected by filtration, washed several times 
with MeOH and dried to give 1.8 g. (7773 of 11, m.p. 137-139”; 
A,,,. 278 mp; A:,”:. 5.88, 6.1, and 6.23~.  EtOH 


Anal.-Calcd. for G1H41NO: N, 3.54. Found: N, 3.23. 
3-[l-Pyrrolidinyl]-6,16~~-dimethylpregn-3,5-dien-2O-one oxime (111) 


-A mixture containing 1.7 g of 11, 500 mg. of NH20H.HC1 in 
5 ml. of pyridine was heated on a steam bath for 1.5 hr. and poured 
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CO M M  UNZCA TZONS 


Enhancement of Steroid Absorption 
by Dialkylamides 


Keyphrases 0 Steroids-absorption 0 Absorption, steroids-N,- 
N-dialkylalkylamide effect 0 Prednisone absorption enhancement- 
N,N-di-iz-propylpropionamide 


Sir : 


Amides having two alkyl substituents on the nitrogen 
atom can interact in nonaqueous solvents with a number 
of organic nonelectrolytes to  form molecular com- 
plexes (1). This suggests that the lipoid phase of biologic 
membranes might provide an environment conducive to  
complex formation between nitrogen-substituted amides 
and certain drugs. Pronounced drug-amide complex 
formation in the lipoid phase of biologic membranes 
might be expected to  influence the rate of drug transfer 
across such membranes. The direction and magnitude of 
this effect would presumably depend on the partition 
coefficient and diffusion characteristics of the drug rela- 
tive to those of the drug-amide complex in the mem- 
brane and on the extent of the drug-amide interaction. 


The influence of nitrogen-substituted amides on drug 
absorption has not been investigated extensively. There 
is evidence, however, that N,N-dialkylalkylamides can 
influence the percutaneous absorption rate of certain 
drugs. Munro and Stoughton, for example, reported 
N,N-dimethylacetamide (DMA) and -N,N-dimethyl- 
formamide to  be superior to ethanol, benzene, and a 
cream base in promoting the penetration of hydro- 
cortisone and griseofulvin into human skin (2). Reid and 
Brookes found that the percutaneous absorption of 
three corticosteroids was more rapid from an ointment 
base containing 25% DMA than from three other 
ointment bases (3). These observations are explainable 
on the basis of drug-amide complex formation, al- 
though a physical alteration of the cutaneous barrier 
may have occurred since amide concentrations of 25- 
100% were used. 


We have studied the effect of relatively low N,N-  
dialkylalkylamide concentrations on steroid absorption 
from the rat small intestine. This preliminary communi- 
cation describes one representative system: prednisone 
and N,N-di-n-propylpropionamide (DPP). Male Spra- 
gue-Dawley rats, starved 14-22 hr., were prepared as 
described by Doluisio et al. for studying drug absorption 
from solution by the in sziu rat small intestine (4). 
Seven milliliters of drug solution was placed in the 
intestine, and 0.2-ml. samples were removed at 10-min. 
intervals for 1 hr. The volume of the luminal prednisone 
solution was maintained constant by adding solvent 
(isotonic saline) immediately prior to  sample removal. 
About 4 ml. additional solvent was required for this 
purpose. The concentration of prednisone in the sample 


Table I-Effect of 0.028 M N,N-di-n-Propylpropionamide 
(DPP) on the Absorption of Prednisone from the Rat Intestine 


Percent Absorbeda 7 


-10 rnin.-- ---20 min.--- -- 60 min.---. 
With With With 


Control DPP Control DPP Control DPP 


26.0 56.1 37.5 72.3 61.6 90.4 
26.4 46.6 42.3 64.0 70.3 86.5 
23.6 47.1 36.2 63.3 58.5 88.1 
23.2 49.0 37.8 65.4 62.0 87.4 


Mean 
24.8 49.7 38.4 66.2 63.1 88.1 


a T h e  effect of DPP was statistically significant ( p  <0.001) at  all 
times. 


was determined by the colorimetric procedure of 
Porter and Silber (5). The initial prednisone and DPP 
concentrations in the luminal solution were 5 X M 
and 2.8 X M (0.5 % v/v), respectively. Prednisone 
concentrations determined in the serial samples were 
corrected for previously removed drug. 


The results of the absorption experiments are sum- 
marized in Table I. The presence of amide enhanced 
significantly ( p  < 0.001) the absorption of the steroid. 
A detailed kinetic analysis of the entire data will be pre- 
sented in a subsequent report. The nature of the predni- 
sone-DPP interaction was studied in both water and 
isopropyl myristate (IPM) by equilibrium solubility and 
equilibrium partition methods. The results indicate that 
a molecular complex of stoichiometry other than 1 : 1 
formed between prednisone and DPP. The interaction 
was more extensive in a nonpolar than in a polar me- 
dium. For example, 2 % v/v DPPincreased the solubility 
of prednisone in IPM by 137 %, compared to a 27 % in- 
crease obtained under similar conditions in water. In  
addition, the IPM-water partition coefficient was in- 
creased 110% when the IPM phase contained 2 %  v/v 
DPP. The TPM-water partition coefficient of DPP is 
about 4. 


The integrity of the intestinal membranes did not 
appear to be affected by DPP in the concentration used 
in this study. The gross appearance of the gut did not 
change; the absorption rate of caffeine, a drug that does 
not appear to  interact with DPP in a nonaqueous solvent 
(IPM), was the same in the presence and absence of the 
amide. (Caffeine and DPP may interact slightly in water; 
the aqueous solubility of caffeine is increased 15 by 
2 v/v DPP.) 


Additional data, to be presented in a future report, 
indicate a relationship between the alkyl chain length of 
the nitrogen substituent and the absorption-enhancing 
effect of the dialkylpropionamides. These findings are 
significant because they may lead to  a better under- 
standing of intestinal absorption processes, particularly 
with respect to  enhancing the absorption rate of certain 
poorly absorbed drugs. 
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Synthesis and Antibacterial Activity of 
1 -Styryl-3,4-dihydroisoquinolines 


Keyphrases 0 l-Styryl-3,4-dihydroisoquinolines-synthesis 0 
Antibacterial activity-l-styryl-3,4-dihydroisoquinolines 


Sir : 


So far, the synthesis of I-styrylisoquinolines has been 
achieved either by the cyclization of the Schiff bases 
derived from cinnamaldehyde (1 ,  2) or by the condensa- 
tion of 1-methylisoquinoline with aromatic aldehydes 
(3). In this communication, we wish to report a new 
procedure for the synthesis of l-styryl-3,4-dihydro- 
isoquinolines which were isolated as methiodide salts. 
The procedure involves the cyclodehydration of sub- 
stituted 6-phenethylamides to 3,4-dihydroisoquinolines 
through the Bischler-Napieralski reaction (4). 


Details about the synthesis and characterization of 
l-styryl-3,4-dihydroisoquinoline methiodides (Com- 
pounds 1-7) will be published (5 ) .  


The methiodide salts (Compounds 1-7) were subjected 
to  in uitro screening for antimetabolites by a new 
method (6) .  In this method, the detection system utilizes 
the gram-positive Bacillus subtilis and gram-negative 
Escherichiu coli. Both organisms were grown in two 
types of agar: nutrient agar and a completely synthetic 
medium with glucose as the only source of carbon. 


Table I-Inhibition of B.  subtilis Grown in Two Different Media” 


“ ‘ O T N 2 M e  MeO 


CH=CR,R? 


Nu- Syn- 
Com- trient thetic 
pound R1 R2 Agar Agar 


I Ph Ph 24 35 
2 Ph plMethylpheny1 55 36 
3 p-Methylphenyl p-Methylphenyl 29 35 
4 >-Ethylphenyl p-Et hylp henyl 36 39 
5 p-Chlorophenyl p-Chlorophenyl 28 35 


16 22 6 Me Ph 
7 Me Me 0 0 


a The numbers in the body of the table are zones of growth inhibition 
in mm. around a 13-mm. paper disk. 


These seven compounds were tested at concentra- 
tions of 1 mg./ml., and the results are presented in 
Table I .  


The inhibition of test organism by Compounds 1-6 
was stronger on synthetic agar than on nutrient agar. 
However, the difference was not large enough to sug- 
gest an antimetabolitelike mode of action (5). Com- 
pound 7 was essentially inactive against B. subtilis. 
None of the compounds inhibited the growth of E. 
coli. These results indicate that l-styryl-3,4-dihydro- 
isoquinoline methiodides possess some antibacterial 
activity. 


A more extensive testing will be required before any 
structure-activity correlation can be drawn. 
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phenoxymethyl penicilloic acid was added to furnish concentrations 
of 0,0.25, and 0.5 mg./ml. These solutions, together with standard 
phenoxymethyl penicilloic acid preparations as in Procedure D, 
were submitted to Procedures C and D. Recoveries ranged from 92 
to 100%. Similar results were obtained with phenethicillin and 
phenoxyethyl penicilloic acid. 


Extraction Efficiency-Under the described conditions the ex- 
traction of phenoxymethyl and phenoxyethyl penicilloic acids from 
aqueous solutions by chloroform was between 88 and 92% com- 
plete. This was confirmed by assaying, by nitration, samples con- 
taining 0.5 mg./ml. and I mg./ml. directly and after extraction. 


DISCUSSION 


The yellow quinoid radical produced by nitration of these com- 
pounds that originate from the phenolic group could be produced if 
phenol or its derivatives were present in the sample used for nitra- 
tion. 


During numerous assays of urine samples without penicillin or 
penicilloic acid, the blank value of the chromatographed chloroform 
extract was close to or similar to the normal blank value, indicating 
that phenolic compounds present in urine do not interfere with this 
assay. The difference in R, values for penicillins and for the cor- 
responding penicilloic acids probably derives from the fact that the 
former are monobasic acids, which generally have high values com- 
pared with dibasic acids to which class the latter belong. The R ,  


value of phenoxyacetic acid in the method used is higher than that of 
penicillin; possible interference by this acid, if present in the extract, 
is thus eliminated. 


The data given in Tables I and I1 provide an example only of the 
information obtainable using this method. No attempt has been made 
to correlate the results with liquid intake, excretion volumes, or 
other controllable factors. 
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Kinetics and Mechanisms of Drug Action 
on Microorganisms X: Action of Spectinomycin 
on Escherichia coli by Microbial Kinetics 


JOBST B. MIELCK and EDWARD R. GARRETT* 


Abstract 0 The steady-state growth of Escherichiu coli cultures, 
N = NoeXo', is slowly inhibited by spectinomycin to a new steady 
state with a new rate constant, k,,,. The k,,,. is linearly dependent 
on drug concentration, S, above a certain minimum concentration 
of spectinomycin, S* ; i.e., kit,,,. = ko - ks(S - S*). This minimum 
concentration is a function of the concentration of the media and 
can be assigned to binding or removal of microbiologically effective 
spectinomycin as protonated material by the components of the 
media. The logarithm of the inhibitory constant, ks,  linearly 
increases with the pH of the media to pH 7.6, and this implies that 
only uncharged material is biologically active. The slow rate of 
achievement of a drug-equilibrated, steady-state, microbial genera- 
tion rate can be reconciled with a relatively rapid reequilibrated 
ra!e on dilution with fresh media by postulating depletion of a cell- 
ge ierated vital metabolite linked to the growth rate of the micro- 
orL3nism. 


Keyphrases 0 Microorganisms-mechanism, kinetics, drug activity 
Kinetics, mechanism-spectinomycin activity 0 Spectinomycin 


action, E. coli-kinetics, mechanism 0 pH, organism population, 
nutrient concentration, effects-spectinomycin-affected generation 
rates 0 E. coli generation rates-spectinomycin concentration 


The aminoglycoside spectinomycin has anti bacterial 
activity against a variety of Gram-positive and Gram- 
negative microorganisms (1). The inhibitory action is 
bacteriostatic and is reversed by washing the drug- 
affected cells (2). The antibiotic forms a stoichiometric 
1 : 1 complex with the 30-S ribosomal subunit extracted 
from Escherichia coli. The formation of this complex 
blocks some steps in the translocation of the peptidyl- 


RNA from the acceptor site for aminoacyl t-RNA to the 
peptidyl donor site. Protein synthesis is thus inhibited 
(2). 


The determination of the generation rates of E.  coZi 
as a function of the concentrations of a variety of 
antibiotics and chemotherapeutic agents has estab- 
lished a useful procedure to quantify the effects of 
drugs on the time course of bacterial generation (3-8). 


The purposes of this study are to determine kinet- 
ically the inhibitory effects of spectinomycin on the 
generation rate of E. coIi in defined concentration 
ranges and to evaluate the effects of variable inoculum 
size, concentration, and pH of the culture medium on 
drug activity. 


EXPERIMENTAL 


Test Organism-Replicate slants of E. coli strain B/r were used in 
all experiments. The slants had been prepared from a single colony 
and were stored in a refrigerator at 4". 


Culture Media-Antibiotic medium 3 was rehydrated according 
to the specifications of the manufacturer. The media were filtered 
twice through Millipore 0.45 p HA filters and autoclaved at 120" 
for 15 min. The pH of the media was 7.05 & 0.05. Various amounts 
of Millipore-filtered 1.7 N HCl and 2.0 N NaOH, respectively, 
were added aseptically after the sterilization to obtain pH values 
within a range of 7.50 to 5.87 for the investigation of the anti- 


] Bacto Antibiotic Medium 3, Difco Laboratories, Detroit, Mich. 
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bacterial activity of spectinomycin as a function of the pH. Media 
with half and twice the amount of nutrients, respectively, were 
prepared and adjusted to a pH of 7.14 i 0.02 for the study of the 
binding capacity of the medium for the antibiotic. 


Antibiotic-An assayed sample of spectinomycin sulfate2 was 
used (640 f 35 mcg. baselmg.). 


Bacterial Generation-A 5-ml. aliquot of culture medium was 
inoculated from a fresh slant, and the culture was allowed to grow 
for 12 hr. at 37.5" in an incubator. A 1.0-ml. sample was then 
diluted with 9.0 ml. broth at 37.5", which was diluted 100-fold 
into a fresh medium after 60 min. The growth of this culture was 
followed up to lo7 E.  colilml. Samples of this culture were finally ap- 
propriately diluted in a single step, or in several steps, into replicate 
volumes of 49.0 ml. broth in 125-ml. loosely capped conical flasks 
to achieve the desired organism concentrations. The cultures were 
maintained at 37.5 + 0.1 in a 50-gal. constant-temperature water 
bath equipped with a shaker. All pipets and media used for the 
dilutions of the cultures were kept at 37.5" to protect the organisms 
from temperature shocks. 


Total Count Method-One-milliliter samples were withdrawn 
at 20-min. intervals from the cultures. They were diluted to obtain 
counts within a range of 10,000 to 30,000 counts/50 pl. on the 
Coulter counter, model B.3 The diluent used was a Millipore 0.45 w 
HA-filtered aqueous solution of 0.85% NaCl and 1 formalde- 
hyde. The instrument was equipped with a 30-p orifice; the settings 
were: an aperture current of 5, amplification of 8, gain of 10, lower 
threshold of 13, and upper threshold at maximum. The total counts 
were corrected for the background count of the particular batch 
of medium used, diluted in the same way as the sample. The back- 
ground counts in general did not exceed 1000 counts/50 PI. 


Viable Count Method-Samples of 0.50 ml. were withdrawn from 
the cultures and appropriately diluted into sterilized 0.85 saline 
solution so that 50 to 150 colonies per plate would result. From 
these dilutions, aliquots of 1.00 ml. were pipeted onto each of three 
replicate agar plates. The plates were incubated for 48 hr. at 37.5" 
and the colonies counted on a Colony counter model C-1 


Effect of Antibiotic Concentration on Generation Rates-Fresh 
solutions of spectinomycin in distilled water were aseptically 
prepared for each experiment. They were sufficiently diluted so that 
aliquots of I .OO ml. added to the 49-ml. culture volumes yielded the 
desired graded drug concentrations between 6.00 and 20.0 mcg./ml. 
The solutions were added to the cultures growing at 37.5" in the 
logarithmic growth phase at determined organism concentrations. 
Samples were withdrawn every 20 min. and counted by the respec- 
tive method. A culture without drug was studied in each experiment 
to obtain the generation rate constant in absence of drug as a 
reference. The generation curves for 21.9, 35.0, and 43.8 mcg./ml. 
spectinomycin at pH 7.05 were obtained by both the viable and total 
cell count methods (Fig. 1). 


Effect of Organism Population on Drug-AlTected Generation 
Rate.-Each flask of four sets of four replicate 49-ml. volumes of 
culture medium of pH 7.05 was inoculated with 1.00 ml. of appro- 
priately diluted culture growing in the logarithmic growth phase. 
The organism concentrations in the respective sets were 5 X lo5, 
5 X lo4, 5 X lo6, and 5 x 106 E. coli/ml. a t  the time of addition of 
drug. Drug solutions were added to achieve spectinomycin concen- 
trations of 15.0, 24.0, and 30.0 mcg./ml., respectively. One culture 
in each set contained no drug. Total cell counts were obtained from 
samples drawn every 20 min. 


Reversibility of Drug Action-A 49-ml. volume of culture growing 
in the logarithmic growth phase at 37.5" contained at time zero a 
population of 106 E. coli/ml. (Curve A in Fig. 2). Drug was added 
to achieve a concentration of 28 mcg./ml. spectinomycin (Curve B 
in Fig. 2) at time zero. An aliquot of 2.00 ml. of this culture was 
diluted into 49 ml. of fresh medium at  50 min. after the addition 
of drug to give 1.12 mcg./ml. (Curve C in Fig. 2). At the same time, 
5.00 ml. of the culture of Curve B was diluted into 45.0 ml. of 
broth that contained 28.0 mcg./ml. spectinomycin (Curve D in Fig. 
2), and 2.00 ml. of the drug-free culture of Curve A was diluted into 
49 ml. of drug-free broth (Curve A1 in Fig. 2). At 240 min., 0.80 
ml. of the culture of Curve B was diluted into each of two replicate 
49-1111. volumes of fresh medium to give 4.48 mcg./ml. (Curve E in 


The Upjohn Co., Kalamazoo, Mich. 
Coulter Electronics Co., Hialeah, Fla. 
New Brunswick Scientific Co., New Brunswick, N. J. 
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Figure 1-Generution rate curves of'E. coli at 37.5"-undpH 7.05 oh- 
ruined by total (closed symbols) and viable (open symbols) cell counts. 
The curves ure hbeled with the respective concentrutions of spectitlo- 
mycin (mcg./ml.). 


Fig. 2). When these cultures containing 4.48 mcg./ml. drug reached 
the steady-state growth phase, a t  355 min. and 6 X lo6 E. coli/ml., 
a 1.00-ml. aliquot of spectinomycin solution was added to one 
of the replicate cultures to establish a drug concentration of 30.5 
mcg./ml. (Curve F in Fig. 2). The total number of organisms in the 
various cultures was obtained from samples withdrawn every 20 min. 


Effect of pH on Drug-Affected Generation Rates-Sufficient 
amounts of 1.7 N HCI and 2.0 N NaOH were added to the culture 
media to obtain pH values of 5.87, 6.20, 6.53, 6.55, 6.72, 6.87,7.13, 


t 
l a 6  I 


0 100 200 300 400 500 600 
TIME, min. 


Figure 2-Generutiotr rute curws of' E. coli ut 37.5" undpH 7.10 on 
addition and dilution of spectinomycin. The curves, final drug ron- 
centrutions (mcg./ml.), and uppurent steady-state generation rate 
constants (lo4 k,,,. in set.-') were A ,  0, 6.20; A I ,  0, 6.24; B, 28.0, 
0.96; C, 1.12, 5.95; D ,  28.0, 0.42; E,  4.48, 5.90: and F, 30.5, 0.79. 
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Figure &Typical generation curves for E. coli at 37.5" andpH 6.72. 
The curves, spectinomycin concentrations (rncg./ml.), and generation 
rate constants (10' k,,,., sec.-l) were: A ,  0, 6.30; B, 32.0, 4.56; C, 
40.0, 3.58; D ,  53.3, 2.37; E, 66.7, 1.18: F, 72.7, 0.572: and G,  80, 
0. 


7.22, 7.30, and 7.50, respectively. The pH values of these studies were 
read at lo7 E. colilml., using a Schott model U combination glass 
electrode and a Beckman Zeromatic pH meter with an expanded 
scale. From a single slant, separate cultures for each pH were 
prepared as previously described. At organism concentrations in 
the range from 8 X lo4 to 8 X lo6 E. coli/ml., 1.00-ml. aliquots of 
spectinomycin solutions were added to achieve the desired drug 
concentrations. A typical example is given in Fig. 3. In addition 
to the data obtained for the total number of organisms as a func- 
tion of time, the pH in some of the cultures was monitored as 
a function of the organism concentration. 


Table I--Bacteriostatic Activity Constants for Spectinomycin 
against E. coli at Various Media pH Values 


105(ks f lSD) ,b l  lo4 ko." lo4 k ' l ~ , ~  S*," 
pH" ml. mcg.- sec.- sec.-l sec.- mcg. mI.-l 


5.87 0.142 f 0.017 5 .90  6.16 18.3 
6 .30  0.294 f 0.012 6 .40  6 .26  -4 .76  
6 .30  0.389 f 0.015 6 .30  6 .68  9 .77  
6.53 0.869 f 0.017 6.55 8.01 16.8 
6.55 0.562 f 0.034 6 .29  7 .29  17.8 
6.72 0.956 f 0.028 6 .30  7 .52  12 .8  
6.87 1.32 f 0 . 1 2  6 .09  7.05 7 . 2 7  
7 .13  2 .20  f 0.10 6 .23  7.75 6 .91  
7 . 2 2  2 .98  f 0 . 1 4  6 .50  6 .80  1.01 
7 .30  2 .42  f 0.10 5.91 6.51 2 .48  
7 .50  4.88 =k 0.11 6 .19  7 .89  3 .48  


= pH of the culture medium at 10' E. coli m1.-1. b Slope of a plot of 
k,,,. in set.-' uersus drug concentration, S: in mcg. ml-1 obtained by a 
Ieast-squares fit of the data to kDP. = k o - ksS, and the standard 
deviation of that slope. c Experimentally observed generation rate 
constant at S = 0. aCalculated generation rate constant at S = 0. 
e Calculated drug concentration, S, at k,,,. = ko. 


50 100 150 200 
5, mcg. ml.3 


Figure 4-Apparent first-order generation rate constants, k,,,. in 
sec.-l, as functions of the spectinomycin concentration, S, in mcg./ml. 
The curvesare labeled with the pH of the media. 


Effects of Nutrient Concentration on Drug- AEected Generation 
Rates-Culture media of half and twice the normal concentration 
of nutrients were prepared and adjusted to pH 7.14 f 0.02 and 
6.87 f 0.02, respectively. Microbial cultures were prepared in the 
previously described manner using these media separately. The 
respective relative nutrient concentrations, pH values, and the 
range of spectinomycin concentrations (mcg./ml.) used were: 
(a) for half the nutrient concentration: at pH 7.10 from 8 to 20 
mcg./ml., at pH 7.16 from 6.7 to 12 mcg./ml.; and at pH 6.87 from 
23 to 32 mcg./ml.; and (b)  for twice the nutrient concentration: 
a t  pH 7.16 from 7 to 16 mcg./ml. The drug-free and drug-affected 
generation rate constants were obtained by total cell counts. 


RESULTS 


Effect of Drug Concentration on Generation Rates-The number 
of E. coli per milliliter obtained by both total and viable cell counts 
is plotted on a semilogarithmic scale against time in Fig. 1. The 
numbers from the respective methods are coincident; thus no kill 
or death of microorganisms is observed between 0 and 44 mcg./ml. 
over the time period studied. Thus, this study can be based upon 
total cell counts obtained within this range of drug concentration. 


A typical family of generation curves obtained over a wide range 
of graded drug concentrations and based on total cell counts is 
given in Fig. 3. Upon addition of drug to the culture growing in the 
logarithmic phase, the generation rate is decreased slowly until a 
new spectinomycin-affected steady-state phase is established. 
Apparent first-order generation rate constants, kapp. in sec.-l, are 
obtained from the slopes of this linear portion in accordance with 
the equation 


log N = log No + kE t 2.303 


where N is the number of microorganisms. A plot of the k,,,. 
values obtained at  various pH values against spectinomycin con- 
centration, S (Fig. 4), demonstrates the linear dependence of k,,,. 
on S a t  lower k,,,. values in accordance with the equation 


k,,,. = ko' - ksS; kapp < ka (Es. 2) 


where ko' in sec.-l is the extrapolated value for k,,,. at S = 0, the 
slope k s  in ml./mcg.-sec. is the inhibitory constant of the antibiotic, 
and k o  is the generation rate constant in the absence of the anti- 
biotic. The values for ks and ko', calculated from least-squares 
fits, and the experimentally determined ko in sec.-l are listed ill 
Table I. 


Effect of pH on Drug-Affected Generation Rat-The apparent 
first-order generation rate constants, k,,,., obtained at pH values 
from 5.87 to 7.50 in the culture media in the absence and presence 
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of graded spectinomycin concentrations, S, are plotted against S 
in Fig. 4. The drug-free generation rate constants are independent 
of pH in this range [Table I and ( 5 ) ] ,  while the drug-affected genera- 
tion rate constants decrease with increasing pH at comparable 
drug concentrations. The calculated inhibitory constant, ks,  and 
intercepts, ko', are listed in Table I. A plot of the log ks against pH 
is given in Fig. 5.  The drug concentrations, S = S* (Table I), that 
produce k,,,. = ko, the drug-free generation rate constant, can be 
calculated from Eq. 2. The pH values of the media in drug-free 
and drug-affected growing cultures were constant to within 1 %  
of their initial values up to lo8 E. colilml. (5 ) .  


Effect of Organism Populations on Drug-Affected Generation 
Rates-Apparent first-order generation rate constants, k,,,., for 
the logarithmic portion of the growth curves obtained in the 
presence of three different spectinomycin concentrations over a 
1000-fold range in inoculum size at the time of drug addition are 
given in Table 11. Although the data show a trend toward smaller 
rate constants at lower inoculum sizes, the differences appear 
insignificant compared to the observed values for k,,,. at S = 0. 
At high organism concentrations (N > lo8 E. coliiml.) or after long 
periods of drug-affected generation ( t  > 600 min.), the generation 
rate of the drug-affected cultures increased markedly and ap- 
proached a new steady state. Apparently, a very small fraction of the 
bacteria was resistant to spectinomycin. The estimated fraction of 
the inoculum that was not inhibited was less than 0.01 when the 
growth curves of the new steady state were extrapolated tot he time 
of inoculation. 


On the basis of these observations, it cannot be concluded that 
the antibiotic is consumed by the organism or that a drug antagonist 
is excreted as a function of the numbers of organisms (6). It is, 
therefore, assumed that the drug concentration is in sufficient 
excess to remain constant over the time period of observation. 


Reversibility of Drug Action-Addition of drug to a culture 
growing in the logarithmic growth phase (Curve A in Fig. 2, ko = 
6.20 X sec.-l) to establish 28.0 mcg./ml. spectinomycin 
(Curve B in Fig. 2) resulted in a gradual decrease in the rate of 
generation over a period of 200 min. until a new steady state (kapp, = 
0.96 X sec.-l) was achieved. Curve Al in Fig. 2 (ko = 6.24 x 
lo-* sec.-I) demonstrates that the technique of diluting the cultures 
does not significantly affect the generation rate constant. Upon 
dilution of the culture of Curve B in Fig. 2 into fresh medium where 
the drug concentration of 28.0 mcg./ml. was reduced to 1.12 
mcg./ml. (Curve C in Fig. 2), the generation rate gradually increased 
over a period of 60 min. until a new logarithmic phase with a 
generation rate constant of 5.95 X set.? was established. 
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Figure S--Dependence of the log of the inhibitory constant, ks, in 
ml./meg.-sec. of spectinomycin on the pH of'the culture media. 
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Table 11-Effect of Inoculum Size" on Spectinornycin-Affected 
Growth of E. coli 


Inoculum -+Spectinomycin], mcg./ml.-- 


E. colilml. 0 15.0 24.0 30.0 mcg./ml. 
Size, lo4 kapp, sec.-I- - s*," 


7 . 7  5 x 103 6.18 3 . 8 1  0 .96 - 
5 x 104 6.00 3.92 1.37 0.173 5 . 2  


6.00 4.05 1 . 6 0  0.238 7 .3  5 x 1 0 6  
5 x 1 0 6  6.09 4.04 - - - 


~ ~~ ~ ~ ~ 


Q At  time of drug addition. b Calculated drug concentration, S* = S, 
at kspn = ko from linear relation kapD = ko' - ksS .  


When the culture of Curve B was diluted 10-fold into a fresh medium 
where the original drug concentration was maintained, the con- 
tinuous decrease in the generation rate was not interrupted. How- 
ever, the generation rate constant, 0.42 x low4 sec.-I established 
at 220 rnin., was lower than that of Curve B. The expected value 
for this rate constant was that for Curve B in Fig. 2, 0.96 X lop4 
sec.-l. The difference in these rate constants could suggest that the 
activity of spectinomycin is dependent on the concentration of 
microorganisms. However, the results from the studies of the in- 
fluence of inoculum size on the generation rate constants over a 
much wider range of organism concentrations did not show a 
significant dependence. Dilution of the culture of Curve B at the 
beginning of its steady-state phase at 240 min. into drug-free 
medium (Curve E in Fig. 2) yielded a gradual increase in the genera- 
tion rate over a period of 80 min. as compared to the 60 min. of 
Curve C in Fig. 2, whereafter a new steady-state phase with a rate 
constant of 5.90 X lo-' sec.-I was established. 


When drug was added to a replicate culture of that of Curve E 
in Fig. 2 to yield a drug concentration of 30.5 mcg./ml., a gradual 
decrease in the generation rate over 160 min. was observed, when a 
new logarithmic phase with a generation rate constant of 0.79 X 


Effect of Nutrient Concentration on Drug-Affected Generation 
Rates-The concentration of nutrients in the culture media has a 
significant effect on the drug-affected generation rate constants 
(Table I11 and Fig. 6). The calculated values for the spectinomycin 
concentration, S = S* when k,,,. = ka, increase nearly twice when 
the nutrient concentration is doubled. These S* values were cal- 
culated from least-squares fits of the generation rate constants to 
the drug concentrations in accordance with Eq. 2. 


sec.-I was achieved. 
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Figure &Effect of ourious nutrient concenrrutions on rhe dependence 
of the generation rate ronstmfs of E. coli on rhe specrinomycin con- 
centration. The curoes, relatioe nutrient ~ ~ n c e n t r a t i o i ~ ~  und culculured 
spectinomycin concentrutiorl, S = S* (n;cg./ml.) ur k,,, = ko, were 
at p H  7.13: A ,  0.5, 2.96, and 5.49 respecticely; B ,  1 ,  6.9; C,  2,  12.0, 
andurpH6.87: A, 1,7 .27;mdB,2 ,14 .1 .  
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Table In-Effect of Nutrient Concentration on the Biologically 
Ineffective Spectinomycin Concentration, S*, against E.  coli 


10.0 - 
€ 
I. 


E 
2 


* Y 


1.0 


Nutrients" pH lo6 ksb lo4 k O I c  lo4 kod S*e 


L 


- 


0 .5  7.10 0.348 7.23 6.20 2.96 
7.16 0.346 7.23 5.33 5.49 


1 7.13 0.260 7.75 6.23 6.91 
2 7.16 0.416 10.7 5.73 12.0 
1 6.87 0.129 7.05 6.09 7.27 
2 6.87 0.118 7.56 5.90 14 .1  


a Relative nutrient concentration with regard to normal antibiptic 
medium 3. b Least-squares slope from the linear relation k,,,, = ko - 
k8.S. c Intercept calculated from this relation. d Experimentally detcr- 
mined k,,,. at S = 0. e Calculated drug concentration, S,  at  k,,,. = ko. 


DISCUSSION 


The drug-affected, apparent first-order generation rate constant, 
k,,,,,., is linearly related to spectinomycin concentration (Fig. 4 and 
Eq. 2). Similar equations have been successfully employed to define 
the antibacterial activity of chloramphenicol (9, lo), tetracycline 
(9, lo), and, in part, lincomycin (5) .  They are based on the assump- 
tion that the extracellular spectinomycin concentration, S, equili- 
brates with the drug concentration, S', in the receptor site compart- 
ment or biophase. Here the antibiotic reversibly binds to receptor 
sites, R ,  to form the drug-receptor complex, RS':  


KI K2 
S S ' ;  S' + R RS' (Eq. 3) 


The equilibria are characterized by the respective equilibrium con- 
stants Kl and Kz during the drug-affected steady state. The constant 
Kz is the affinity constant of spectinomycin for its receptor site, and 
th- product: 


KlK2 = kb(ml./mcg.) 0%. 4) 


is a quantitative measure of the antibacterial activity. It is implied 
that the fraction of drug-free receptor sites is proportional to the 
rate of protein synthesis. A certain fraction of this protein synthesis 
would be proportional to the rate of generation of bacteria, while a 
large fraction may be necesssry for the maintenance of viability 
(9). The rate of increase in the number of bacteria may be defined 
in accordance with this concept (9) by 


where k ,  is the overall rate constant of protein synthesis; k,' is the 
minimum rate constant of protein synthesis necessary for bacterial 
generation; and q is a proportionality constant linking the rate of 
population increase of N organisms, dN/dt, to the net rate of protein 
synthesis and to the total number of organisms, N ,  in a balanced 
culture. If only a small fraction of the total number of receptor 
sites has to be reacted with spectinomycin to achieve complete 
inhibition of bacterial generation, 


KiKz[Sl << 1 (Eq. 6) 


As a consequence, Eq. 5 reduces to 


(Eq. 7) dN _ -  - { q ( k ,  - ku') - qk,K&[S]]N 
dt 


Combining the constants in Eq. 7 yields 


(Eq. 8) 


where k,,,. is defined as 


kapp. = (ko - ks[S1) (Eq. 9) 


which is identical with Eq. 2 when ko' is substituted for ko. The 
calculated k,,,. (Eq. 2) equals ka at a concentration S* (Table I) 
of spectinomycin. This implies that it takes a definite concentration 
of antibiotic to be exceeded before antibacterial activity is mani- 
fested. It is possible that this amount is bound either by the micro- 


organisms or by the constituents of the culture media. If the bacteria 
were responsible for this binding, the calculated value for S* would 
be a function of the inoculum size. The studies conducted with 
different inoculum sizes showed no such dependency for S* (Table 
II), and permitted the conclusion that the organisms were not 
responsible for the binding of spectinomycin. If the media were 
responsible for this binding, S* would vary with the concentration 
of nutrients. The experiments carried out with culture media that 
contained half and twice the normally used concentration of 
nutrients did show that S* definitely increased with the nutrient 
concentration; these experiments permitted the conclusion that the 
constituents of the media effectively inhibited a definite amount of 
spectinomycin from exercising biological action (Table 111). The 
relative amounts bound, i.e., the ratio of the estimated S* values, 
are of the same order of magnitude as the relative nutrient concen- 
trations for studies conducted at  the same pH values (Fig. 6).  
The S* values also decreased with increasing pH (Table I and Fig. 
4), although the data showed great variability. The nature of the 
dependency of logarithm S" on pH (Fig. 7) implied that the chwged 
species were preferably bound to the media. 


The inhibitory constant, k s  (Eq. 2 and Table I), varied as a func- 
tion of pH. The linear plot of log ks against pH (Fig. 5 )  has a 
calculated slope of 1.053 It 0.056, The pH region studied includes 
the pKa of the doubly protonated spectinomycin, pKal = 6.95 
( I ) .  The linearity of this plot is maintained up to significantly 
higher pH values, i.e., pH 7.5. The pKa of the singly protonated 
spectinomycin is 8.70 (1). It is, therefore, expected that the pKa, 
influences the antibacterial activity and that the uncharged fraction 
of the total spectinomycin concentration is the only antibacterially 
active species. The ks values cannot be obtained at extracellular 
pH values higher than 7.5. Beyond this pH, the drug-free generation 
rate constant changes and the generation rate-determining step 
may be different from that within a range of pH 5.8 to 7.5 where ko 
is independent of pH. It is expected that the curve in Fig. 5 would 
approach a pH-independent value for k s  at extracellular pH values 
that exceed the pKal. An intrinsic activity constant, ks*, may be 
defined with regard to the concentration of unprotonated spectino- 
mycin. Thus, it may be calculated ( 1 1 )  from the unprotonated 
fraction, fs, of the total antibiotic concentration and the respective 
[H+] and the k,q values (Table I): 


ks* = k d f i  = k.d[H+]' + KI[H+] + KiKf)/KiKi (Eq. 10) 


The literature values for the dissociation constants (1) are Kl = 
1.01 X 10' and KZ = 2.00 X The mean value obtained for 
ks* was (2.66 f 0.49) X 10V ml./mcg.-sec. 


The rate of achievement of the drug-affected steady-state genera- 
tion rate with spectinomycin is a slower process than with tetra- 
cycline (4), chloramphenicol(7), and lincomycin (5). This is apparent 
from inspection of Figs. 1-3 where time in excess of 200 min. after 
drug addition is necessary to obtain a linear semilogarithmic plot 
of the number of organisms against time. There are several possible 
explanations for this phenomenon. The assumption of the model of 
Eq. 3 could imply that the rate of diffusion of drug, S, into the 
biophase (the compartment where antibiotic concentration, S', is in 
instantaneous equilibration with receptor sites, R) is a slow process 
and is rate limiting. However, when the drug-affected culture media 
are diluted with fresh media (Curves G and E, Fig. 21, the resump- 
tion of the new steady-state generation rate occurs in the relatively 
short time interval of less than 50 min. Although differences in 
rates of diffusion of spectinomycin in and out of the biophase, i.e., 


A ' b-- 
6 7 


PH 


Figure I-Correlation oy 
the log of S*, the spectino- 
mycin concentration, S, at 
k,,,. = k~ calculated from 
the linear dependence of 
kapp,  on S with the p H  of 
the culture media. 
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a possible “active” process, could be postulated, it appears more 
reasonable to be critical of the assumption of rate-determining drug 
diffusion into the biophase. 


An alternate explanation may be that drug action, as manifested 
by the degree of inhibition of generation rate, increases the sensi- 
tivity of the organism to further drug action until the steady-state 
generation rate is achieved. This “feedback” phenomenon is 
explainable on the premise that the rapidly equilibrated drug 
concentration in the biophase is competitive for receptor sites with a 
metabolic intermediate produced by the growing organism. 


An analogy can be drawn to thesulfonamide-p-aminobenzoic acid 
competition. The initial fraction of receptor sites that is drug- 
receptor complex is reflected by an initial decrease in generation 
rate. This results in a diminution of the production ofa  vital metabo- 
lic intermediate. Subsequent depletion of excess stores of this inter- 
mediate in the normal metabolic or generation processes of the 
organism results in less amounts to compete with drug concentra- 
tions in the biophase, greater fractions of drug-receptor complex, 
and, consequently, further slowing of generation rates. On dilution 
of the drug with fresh medium, the drug in the organism’s biophase 
rapidly reequilibrates with the consequence of less drug-bound 
receptor sites. A new steady-state production of metabolic inter- 
mediate may occur. This results in the observed reasonably rapid 
increase in microbial generation to new steady-state conditions 
(Fig. 2). A kinetically equivalent phenomenon is that the feedback 
is mediated by decreasing the number of available receptor sites 
concomitant with decreasing growth rates. 
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Pharmacokinetic Evidence for Saturable Renal 
Tubular Reabsorption of Riboflavin 


WILLIAM J.  JUSKO and GERHARD LEVY* 


Abstract 0 Pharmacokinetic relationships have been developed to 
characterize a multicompartment drug distribution and elimination 
model which includes a saturable renal tubular reabsorption 
process. The derived expressions have been applied to serum 
concentration and urinary excretion data obtained after rapid 
intravenous administration of riboflavin to man and dog. The 
mathematical relationships and experimental data demonstrate 
the dependence of renal clearance on the serum concentration of 
the drug and on urine flow rate. The results of this study indicate 
that the renal excretion of riboflavin, like that of several other 
water-soluble vitamins, involves saturable tubular reabsorption as 
well as tubular secretion. 


Keyphrases 0 Riboflavin-saturable renal tubular reabsorption 0 
Renal tubular reabsorption, secretion-riboflavin 0 Flavin-inulin 
--clearance ratio 0 Pharmacokinetics-riboflavin renal clearance 


A number of natural substances are known to be 
reabsorbed from renal tubules by a saturable process. 
Among these are the water-soluble vitamins: thiamine 
(l), pantothenic acid (2), and ascorbic acid (3). The 
renal excretion of another water-soluble vitamin, ribo- 
flavin, has been shown (4) to involve tubular secretion in 
man, and it has recently been suggested ( 5 )  that tubular 
reabsorption of riboflavin occurs in the chicken. I n  addi- 


tion, an analysis of published data (6) indicates that the 
renal clearance of riboflavin in man decreases at  lower 
serum levels of the vitamin. 


A substance that undergoes saturable renal tubular 
reabsorption will characteristically yield higher renal 
clearances with increasing serum concentrations (7). 
The kinetics of this process have not been studied in 
detail, particularly over a wide concentration range such 
as is obtained after rapid intravenous injection of the 
substance. The single-injection technique for the study 
of renal clearance is often considered unsuitable (7) 
because of the difficulty of characterizing and account- 
ing for the effect of rapid flux of the drug between 
plasma and tissue. Thus, this technically simpler method 
is often rejected in favor of the commonly used con- 
stant intravenous infusion method where plasma and 
tissue levels of the drug are maintained relatively con- 
stant. However, the constant infusion method will not 
reveal a possible concentration dependence of renal 
clearance unless the study is carried out at several, 
widely different infusion rates. 


The purpose of this report is to present mathematical 
relationships which may be utilized for pharmacokinetic 
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Preparation and Evaluation of the Prolonged Release 
Properties of Nylon Microcapsules 


L. A. LUZZI, M. A. ZOGLIO”, and H. V. MAULDING” 


Abstract 0 A method for in situ preparation of nylon encapsulated 
sodium pentobarbital by emulsion polymerization is reported. 
This was followed by work-up of the microcapsules by one of two 
processes: (a) spray drying and (b) vacuum drying. However, some- 
what different properties were noted when the free-flowing spray- 
dried substance was compared to that which had been vacuum 
dried. Nylon capsules produced in these manners containing 
sodium pentobarbital exhibited a considerable reduction in dis- 
solution rates relative to the instantaneously soluble barbiturates 
when examined in distilled water, 0.1 M phosphate buffer, pH = 
6.75, and 0.1 N HCI. When the microcapsular material was tab- 
leted, the release rate of the sodium pentobarbital was seen to be 
inversely proportional to tablet hardness. 


Keyphrases 0 Nylon microcapsules-release rate, preparation 
Sodium pentobarbital-microcapsule preparation, polymeriza- 
tion 0 Release rate-sodium pentobarbital nylon microcapsules 0 
UV spectrophotometry-analysis 


As a method of protecting or prolonging the release of 
drugs, microencapsulation has intrigued pharmaceutical 
scientists (1-3) for several years. The first patented 
use of microcapsules was made by Green and Schleicher 
(4, 5) to  prepare ‘‘carbonless carbonpaper.” They made 
use of a gelatin-acacia coacervate system (6)  to entrap 
emulsified oil droplets containing dissolved dyes. In 
1967, Luzzi and Gerraughty ( 2 ,  7) developed a method 
for the evaluation of drug-containing capsules prepared 
uiu complex coacervation. 


Miller and Anderson (8) were granted a U. S. 
patent for the manufacture of microcapsules using 
“hydrophobic film-forming polymeric wall materials 
dispersed in a liquid manufacturing vehicle.” This 
patent claims as “an unsuspected virtue . . . the 
encapsulation of aspirin” in ethylcellulose niicro- 
capsules. The authors state that aspirin was encapsu- 
latable since it was wetable by cyclohexane. A further, 
and most interesting, statement made in this patent is 
that the thickness of the microcapsule wall can be 
controlled by changing the relative quantity of shell- 
forming material. 


Chang et ul. (9) prepared semipermeable nylon- 
shell microcapsules containing an erythrocyte hemoly- 
sate and, later (lo), published information concerning 
the use of this type of microcapsule in an extracorporeal 
shunt system. In this system, the authors assert that 
capsules prepared in such a manner will allow pas- 
sage of plasma through the capsule wall, thus allowing 
contact with the encapsulated material. 


The findings, by the above authors, indicate that 
encapsulation is possible by several systems. There is, 
however, little indication of work done on encapsula- 
tion and evaluation of pharmaceuticals, especially 
with nylon as the encapsulating medium. In this re- 
spect, then, this investigation was designed to encap- 
sulate a drug in a nylon membrane and to evaluate the 
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Figure 1-Log-probability plot of a typical sample of spray-dried 
microcapsular material. The cumulative percentage is plotted on the 
X or probability axis. Distribution was determined using a Coulter 
Counrer model B equipped with model M converter. 


resultant capsular material as it may pertain to phar- 
maceutical dosage forms. 


EXPERIMENTAL. 


Preparation of Nylon Microcapsules-The method of Chang et 
al. (9), with certain modifications, was used to prepare nylon 
microcapsules containing sodium pentobarbital. The basic solutions 
included: (a)  mixed solvent system consisting of 1 part by volume 
chloroform (reagent grade) and 4 parts by volume cyclohexane 
(reagent grade); (b) 0.16% sebacyl chloride (Eastman Organic 
Chemicals) in part of the above mixed solvent system; ( c )  1 %  
commercial emulsifier1 also in part of the mixed solvent; (d) an 
aqueous solution of 2% methylcellulose2 (50 cps.), and (e) an 
aqueous solution consisting of 2 sodium pentobarbital and 6.75 % 
of 1,6-hexarnethylenediamine (Eastman Organic Chemicals). 


The procedure for the preparation of the product consisted of 
slowly adding at low speed3 a mixture of equal volumes (25 ml.) 
of the methylcellulose and sodium pentobarbital-hexamethylene- 
diamine solutions, then adding 165 ml. of the mixed solvent-sur- 
factant solution, and blending for approximately 30 sec. at low 
speed. Sebacyl chloride solution (165 ml.) was added and blended 
at high speed for 10 sec. and then for 1 min. at low speed to com- 
plete the nylon-producing reaction. The capsules were allowed to  
settle and the supernatant was removed. 


Spray-Drying Process-A Nerco-Niro portable spray dryer 
equipped with a special nozzle adapter atomizing assembly 
(Nichols Engineering and Research Corp.), a Zero-Max Sigma- 
motor assembly, and a vacuum exhaust system attached to the 
dryer were used to effect drying. 


In order to prepare the mixture for the spray-drying process, ap- 
proximately 15 mi. of chloroform was added to the slurry remaining 
after decantation. The resultant dilution was constantly agitated 
while liquid remained in the feed flask in order to maintain a uni- 


1 Brij 52 (HLB 5.3). Atlas Chemical Industrjes, Wilmington, Del. 
2 Methocel HG, The Dow Chemical Co., Midland,,Mich. 
3 Waring blender, deluxe model two speed, Waring Products Co., 


Winstead. Conn. 
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Figure 2-A photomicrograph of dried microcapsular material 
t X  512). 


form flow of solids to the spray dryer. The internal temperature of 
the dryer was maintained at 125" throughout the drying process. 


The collected powder was placed in a vacuum oven at 35" for 
l(t-12 hr. to remove residual solvent and moisture. The resultant 
free-flowing powder containing 7.6 % sodium pentobarbital was 
divided into several lots. One portion was examined as the free- 
flowing powder and the other portions were tableted so as to yield 
a range of tablet hardnesses prior to examination. Tablets were 
prepared by power compression on a single punch tableting machine 
(Stokes model E). Five hundred to one thousand tablets of each 
hardness were prepared with care taken to maintain a hardness 
variation of approximately f.0.5. Hardness was measured on a 
model B, Strong Cobb Arner tablet hardness tester. 


Flash Evaporation Process-The wet slurry consisting of the 
microcapsule material and the vehicle which remained after de- 
cantation (along with the chloroform) was placed into a flash 
evaporator at 35" for 24 hr. The resultant dry material containing 
7.6 % sodium pentobarbital was held together loosely and was not 
dense. 


Assay Methods-A Cary model 14 recording spectrophotom- 
eter was used to determine the concentration of sodium pento- 
barbital in each case. The wavelength of maximum absorption 
was found at 240 mp, and all measurements were made at this 
wavelength while employing appropriate blanks. The same basic 
procedure was used to detect solubilized sodium pentobarbital 
regardless of the form of the drug being tested. 


The following is the assay procedure used to study dissolution. 
A 200-mg. sample of free-flowing microcapsular powder or a 200- 


Figure 3-A photomicrograph of nylon microcapsules in liquid 
medium before drying ( X  400). 
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Figure &Release rate of sodium pentobarbital from nlicrocapsules 
prepared via evaporation and suspended in various aqueous media. 
Key: 0, in 0.1 N HCI; 0, in HzO; A, in 0.1 M POa; and 0, 
nonencapsulated sodium pentobarbital. 


mg. tablet was placed in a 150-ml. beaker and 100 ml. of liquid 
(0.1 N HCI, 0.1 M KH2P04-KOH buffer, pH 6.75, ionic strength 
0.2, or distilled water) was added and the mixture stirred at a 
constant rate of 6 r.p.m., using a Bodine electric speed reducing 
motor (Bodine Electric Co.). The temperature was maintained at 
37" and the beaker covered with aluminum foil. One-milliliter 
filtered samples were removed at the time intervals indicated in 
the various figures and appropriate dilutions were made employing 
0.1 N NHdOH. 
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Figure 5-A comparison of the release rate of sodium pentobarbital 
from microcapsules prepared by evaporation and by spray drying 
to 0.1 N HCI. Key: B, evaporation process; A, spray dried; 
and 0 ,  nonencapsulated sodium pentobarbital. 
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Table I-Rates“ (K) of Dissolution for Tablets of Various 
Hardness in Three Liquid Media 


Tablet Liquid Time 
Hardness Medium K hr.-l Measured, hr. 


8 0.1 M HC1 5.01 9.0 
8 0.1 MPO4 4.12 9.0 
8 HzO 3.81 9.0 
5 0.1 MHCl 7.13 8.0 
5 0.1 M Po4 4.28 8.0 
5 HzO 5.54 9.0 
2 0.1 MHCl 14.37 1.5 
2 0.1 MPO4 15.22 3.0 


0 First-order rates are used for comparative analysis of results. 
The order of release cannot be established by the dala presented in this 
study although there appears to be a trend toward first order. 


Total Concerztratiorr-In order to be able to make a comparison 
of the amount of active ingredient released to that contained, 100 
mg. of the microcapsular powder was placed in a blender and 500 
ml. of 0.1 N NH40H was added. The blender was run for 5 min. at 
high speed and a clear liquid collected through a 0.45-p filter. The 
absorbance was taken and compared to a standard. 


Analysis of Data-An ISM 360 model 50 computer was used. 
The equations were standard and readily available (11). 


Particle Size-Determination of particle distribution was carried 
out by using a Coulter Counter model B equipped with a model M 
volume converter. A 30-p aperture tube, 2% sodium chloride, 
and a ragweed pollen standard (19.5 p mean diameter) were used in 
this determination. No attempt was made to  separate particles into 
definite ranges nor were other particle size distributions employed. 


RESULTS AND DISCUSSION 


Only one particle size range of spray-dried microcapsular material 
was used in this experiment. Figure 1 is a log-probability 
plot of the particles which shows that a statistically normal dis- 
tribution was found. The geometric mean diameter was 10 p with 
an arithmetic mean diameter of 12.08 p. The vacuum-dried mater- 
ial did not, however, show a normal particle distribution, but 
contained particles as estimated microscopically ranging from 
about 1.0 to about 100.0 p with 90% greater than 25.0 p. 


Figure 2 is a photomicrograph4 of a typical grouping of spray- 
dried nylon-membraned microcapsules. It can be seen that the 
particles are not spherical and that, in most cases, several particles 
are clumped together. Figure 3 is a photograph of nylon-membraned 


30 1 
2 4 6 8 


T I M E ,  hr. - 
Figure 6-A comparison of the release relationship of tablets of ap- 
proximately 8 hardness in three liquid media. Key: 0, in 0.1 N 
HCI; A, in 0.1 M PO4;  and C, in H20. 


4 Photomicrographs were taken using a Leitz Research microscope 
with Aristophot and Polaroid Land assembly. 
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Figure 7-A comparison of the release relationships of tablets of 
approximately 5 hardness in three liquid media. Key: 0, in 0.1 N 
HCI; A, in 0.1 M PO4; and 0, in H20. 


microcapsules before drying. The particles here are generally 
spherical and clumping is minimal; no coalescence of particles was 
noted. 


The dissolution profiles for sodium pentobarbital in a vacuum- 
dried microcapsular state is shown in Fig. 4. As may be expected, 
the results of release studies for sodium pentobarbital from the un- 
tableted powders showed a tendency to be greater at higher pH 
values. It may be seen that in a 45-min. period about 13.7 rng. (90z) 
of the encapsulated sodium pentobarbital was released to the phos- 
phate buffer and the HzO media while only about 11.4 mg. (75%) 
was released to the medium containing HCI. 


Although dissolution studies for the spray-dried material were 
carried out in the three media previously mentioned, only those 
results for HCl are shown (Fig. 5). The release patterns are very 
similar to those obtained for other media and show that the vacuum- 
dried microcapsular powder initially releases sodium pentobarbital 
more quickly than the spray-dried material. 


It was thought that since the vacuum-dried material had to be 
scraped from the collection vessel and then spatulated in order to 
obtain a powder, that some of the capsules might have been dis- 
rupted and that this led to  the greater release. The spray-dried 
material, on the other hand, was free flowing as it was collected. 
For these reasons, further work was done using only the spray-dried 
powder. 


When the microcapsular material was tableted, without lub- 
ricants or other adjuvants, both the disintegration of the tablet and 
the ability of the liquid medium to wet the tablet seemed to play an 
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Figure 8-A comparison of the re- 
lease relationship of tablets of ap- 
proximately 2 hardness in two liquid 
media. Key: 0, in 0.1 N HCI; and 
A, in 0.1 M Po4. 







SUMMARY 


The studies reported here demonstrate that interphasal polym- 
erization can be used to prepare nylon-membrane microcapsules. 
It has also been shown that a free-flowing powder can be obtained 
by spray drying slurries of microcapsules. 


When the free-flowing powder was tableted, it was observed that 
changes in release rate could be controlled by varying hardness. 
It was also observed that vacuum drying yielded capsule material of 
different appearance and release characteristics from spray-dried 
microcapsular material. 


Although a statistical evaluation of particle size was carried out, 
there could be no significance attached to  the range found. How- 
ever, examination of the effect of size of particle on release rate is 
presently being investigated. 
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Figure 9-A comparison of the release relationship of microcapsular 
tablets of three different hardnesses in 0.1 M PO4 liquid media. 
Key: 0 , 8  hardness; A, 5 hardness; and 0 , 2  hardness. 


important role in release of active ingredient. It was expected that 
disintegration and/or wetting would not appreciably be affected 
from liquid to liquid. However, as indicated in Figs. 6-8, there ap- 
parently is some disintegrating or wetting action since the release 
of sodium pentobarbital is slightly more rapid in acid solution; 
this is contrary to the trend found in Fig. 4. 


Figures 6-8 demonstrate the release of sodium pentobarbital 
from the microcapsules. Although a first-order release is not justi- 
fied except by the trend of the data, first-order rates are used for 
purposes of comparison. A comparison of these figures indicates 
that the differences in rate from one dissolution medium to the other 
became greater as the hardness of the tablet tested decreased. 
These differences in rate of release are shown more clearly in Fig. 
9. Figure 9 is a comparison of the release rate of tablets of various 
hardness. It can be seen that the more rapid release rates were found 
in the softer tablets with the greater difference between tablets of 
hardness 5 and 2. 


Table I is a compilation of slopes and significant data for the 
release of sodium pentobarbital from tablets of various hardnesses 
and the several liquid media. The mechanism of release (9, 10) 
probably involves leeching of the sodium pentobarbital through a 
network of nylon fibers constituting the microcapsule. 
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amounts of water, and free from interferences. In addition, it makes 
it possible to determine water down to the level of 0.05% based on 
an initial sample weight of 2.5 g. 


REFERENCES 


(1) D. Chapman and J. F. Nacey, Analyst, 83, 377(1958). 
(2) R. F. Goddu, in “Advances in Analytical Chemistry and 


Instrumentation,” Vol I, C. N. Reilley, Ed., Interscience, New York, 
N. Y., 1960, p. 347. 


(3) J. E. Sinsheimer and N. M. Poswalk, J.  Pharm. Sci., 57, 
2007( 1968). 


(4) H. Susi, S. G. Morris, and W. E. Scott, J.  Am. Oil Chemists’ 
Soc., 38, 199(1961). 


o.,oo[ // ACKNOWLEDGMENTS AND ADDRESSES 


td , I I . .  , I I S  t I I r ,  1 I I 1  I I I I I I I I I I I I I I I I I I I I I t I 1  I I I ’ I Received July 10, 1969 from Smith Kline & French Laboratories, 
-010 .020 .030 .040 .050 .060 .070 .080 .090 .lo0 phi,ade~phia, p A  19101 


Acceuted for uublication August 13. 1969. % WATER 


Figure 2-Calibrption or working plot obtained from the values in 
Fig. I plotted against concentration. 
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A minos teroids 


ARVIN P. SHROFF 


Abstract Synthesis of 17p-acetamido-6~~,16cu-dimethylandrost- 
4-en-3-one and 3-aza-l7p-acetamido-6~~,16cu-dimethylandrost-4a- 
en-4-one uia Beckmann and Schmidt rearrangement has been de- 
scribed. Both of these compounds were judged inactive when sub- 
jected to Herschberger androgen-anabolic assay. 


Keyphrases 17p-Acetamido-601, 16~~-dimethylandrost-4-en-3- 
one-synthesis 0 3-Aza-17~3-acetamido-6~~, 16~~-dimethylandrost- 
4a-en-4-one-synthesis 0 UV spectrophotometry-identity IR 
spectrophotometry-identity 


Torizuka et al. (1) while investigating the dynamics 
of protein metabolism in man, found that anabolic 
steroids such as 19-nor-testosterone phenylpropionate 
and 4-chlorotestosterone acetate, did not inhibit 
degradation of protein but exclusively stimulated its 
synthesis. The primary site of action is possibly at  the 
nuclear level for the production of RNA’s essential for 
protein biosynthesis (2). There are a large number of 
theoretical possibilities by which an androgen molecule 
can stimulate this RNA production. One of them sug- 
gested by Hiibener (3) would be to inhibit a repressor 
aimed at an operator gene and controlled by a regulator 
gene. The interaction between androgen molecule and 
protein has been reported by Westphal(4) and that this 
interaction is on the @-face of the steroid molecule 
was suggested by Wolff et al. (5). 


This work was initiated to  investigate this hy- 
pothesis and to see if creation of high electron densi- 
ties in Ring A and D would impart or enhance biological 


response. 6or, 16a-Dimethylprogesterone was chosen for 
these molecular modifications. Treatment of I with 
pyrrolidine gave the enamine I1 which could be con- 
verted into 20-oximino Compound I11 with hydroxyl- 
amine hydrochloride. Beckman rearrangement of I11 
using thionyl chloride, followed by acid hydrolysis 
gave the desired 17p-acetamido-6or, 16a-dimethylan- 
drost-4-en-3-one (IV). Compound I when subjected 
to Schmidt rearrangement gave 3-aza- 17p-acetamido- 
601,16a-dimethylandrost-4a-en-4-one (V). The spectral 
data confirmed all the structural assignments. Com- 
pounds IV and V were subjected to Herschberger 
androgen-anabolic assay (6) and judged inactive (see 
Scheme I). 


EXPERIMENTAL 


All melting points were taken on a Fisher-Johns melting point 
apparatus and are uncorrected. The UV and IR data were obtained 
on Cary Model 11 and Beckman IR-5 spectrophotometers, re- 
spectively. Elemental analyses were performed by Midwest Micro- 
lab, Inc., Indianapolis, Ind. 
3-[l-Pyrrolidinyl]-6-16~~-dimethylpregn-3,5-dien-2O-one (II&Two 


grams of I was dissolved in 10 ml. of MeOH with heat and treated 
with 10 drops of pyrrolidine. Heating was continued for an addi- 
tional 5 min. when copious precipitates of enamine separated. 
The precipitates were collected by filtration, washed several times 
with MeOH and dried to give 1.8 g. (7773 of 11, m.p. 137-139”; 
A,,,. 278 mp; A:,”:. 5.88, 6.1, and 6.23~.  EtOH 


Anal.-Calcd. for G1H41NO: N, 3.54. Found: N, 3.23. 
3-[l-Pyrrolidinyl]-6,16~~-dimethylpregn-3,5-dien-2O-one oxime (111) 


-A mixture containing 1.7 g of 11, 500 mg. of NH20H.HC1 in 
5 ml. of pyridine was heated on a steam bath for 1.5 hr. and poured 
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over a large amount of ice water. The solid thus separated was col- 
lected by filtration and recrystallized from MeOH-H20 to yield 
1.5 g. (88%) of Ill, m.p. 171-173". X2zH 279mp; A:::. 3.01 and 6.11~. 


Anal.-Calcd. for G1H42N20: N, 6.82. Found: N, 6.87. 
17fi-Acetamido-6~~,16~~-dimethylandrost-4-en-3-one (IV)-A di- 


oxane solution of 3.0 g. of 111 was treated with 1.0 ml. of SOC12 and 
the mixture stirred for 0.5 hr. It was poured over a large amount of 
ice water and neutralized with NaOH solution. The neutral solution 
was extracted with CffzCIz and the organic layer was thoroughly 
washed with HzO, dried (Na2S04), and evaporated to give an oil. 
A,,, 278 mu: A":"' 3.0 and 6.0~1. EtOH 


The oil was hidrolyzed with 25 ml. of 5% methanolic H2S04 
by refluxing the solution for 2 hr. Evaporation of excess alcohol 
and pouring the concentrate into a large amount of ice water gave 
solid residue. It was collected by filtration and subjected to column 
chromatography on neutral alumina. Elution with 50 % CH2CI2- 
EtzO gave IV m.p. 205-207 '. AEt:H 240 mp; A ~ ~ ~ .  2.99,5.99 and 6.05~. 


Anal.-Calcd. for GaH35N02: C, 77.26; H, 9.87; N, 3.92. Found: 
C, 77.55; H, 9.78; N, 3.36. 


3-Aza-17fi-acetamido-601,16cu-dimethylandrost-4a-en-4-one (V)- 
Compound I (5.0 g.) was added by 150 g. of polyphosphoric acid 
(PPA) and was maintained at 55'. To this 5.0 g. of NaN8 was added 
in small portions over a period of 1-5 hr. with intermittent stirring. 
The mixture was allowed to remain at about 55" for 7 hr. and the 
PPA then decomposed with H20. The solution was neutralized 
with 25 % NaOH solution and extracted with CH2C12. The organic 
phase was washed several times with HzO, dried (Na2S04), and 
evaporated. The residue was recrystallized from CH2CI2-Et20 to 


give 2.5 g. (50%) of V,  m.p. 167-170". Az2H 218 mw; A:::. 3.0; 
6 .02~.  


Anal.-Calcd. for C23H36N202: C, 74.15; H, 9.74; N, 7.52. Found: 
C, 74.18; H,  10.01; N, 7.31. 


I 
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Synthesis and Antibacterial Activity of 
1 -Styryl-3,4-dihydroisoquinolines 


Keyphrases 0 l-Styryl-3,4-dihydroisoquinolines-synthesis 0 
Antibacterial activity-l-styryl-3,4-dihydroisoquinolines 


Sir : 


So far, the synthesis of I-styrylisoquinolines has been 
achieved either by the cyclization of the Schiff bases 
derived from cinnamaldehyde (1 ,  2) or by the condensa- 
tion of 1-methylisoquinoline with aromatic aldehydes 
(3). In this communication, we wish to report a new 
procedure for the synthesis of l-styryl-3,4-dihydro- 
isoquinolines which were isolated as methiodide salts. 
The procedure involves the cyclodehydration of sub- 
stituted 6-phenethylamides to 3,4-dihydroisoquinolines 
through the Bischler-Napieralski reaction (4). 


Details about the synthesis and characterization of 
l-styryl-3,4-dihydroisoquinoline methiodides (Com- 
pounds 1-7) will be published (5 ) .  


The methiodide salts (Compounds 1-7) were subjected 
to  in uitro screening for antimetabolites by a new 
method (6) .  In this method, the detection system utilizes 
the gram-positive Bacillus subtilis and gram-negative 
Escherichiu coli. Both organisms were grown in two 
types of agar: nutrient agar and a completely synthetic 
medium with glucose as the only source of carbon. 


Table I-Inhibition of B.  subtilis Grown in Two Different Media” 


“ ‘ O T N 2 M e  MeO 


CH=CR,R? 


Nu- Syn- 
Com- trient thetic 
pound R1 R2 Agar Agar 


I Ph Ph 24 35 
2 Ph plMethylpheny1 55 36 
3 p-Methylphenyl p-Methylphenyl 29 35 
4 >-Ethylphenyl p-Et hylp henyl 36 39 
5 p-Chlorophenyl p-Chlorophenyl 28 35 


16 22 6 Me Ph 
7 Me Me 0 0 


a The numbers in the body of the table are zones of growth inhibition 
in mm. around a 13-mm. paper disk. 


These seven compounds were tested at concentra- 
tions of 1 mg./ml., and the results are presented in 
Table I .  


The inhibition of test organism by Compounds 1-6 
was stronger on synthetic agar than on nutrient agar. 
However, the difference was not large enough to sug- 
gest an antimetabolitelike mode of action (5). Com- 
pound 7 was essentially inactive against B. subtilis. 
None of the compounds inhibited the growth of E. 
coli. These results indicate that l-styryl-3,4-dihydro- 
isoquinoline methiodides possess some antibacterial 
activity. 


A more extensive testing will be required before any 
structure-activity correlation can be drawn. 
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a possible “active” process, could be postulated, it appears more 
reasonable to be critical of the assumption of rate-determining drug 
diffusion into the biophase. 


An alternate explanation may be that drug action, as manifested 
by the degree of inhibition of generation rate, increases the sensi- 
tivity of the organism to further drug action until the steady-state 
generation rate is achieved. This “feedback” phenomenon is 
explainable on the premise that the rapidly equilibrated drug 
concentration in the biophase is competitive for receptor sites with a 
metabolic intermediate produced by the growing organism. 


An analogy can be drawn to thesulfonamide-p-aminobenzoic acid 
competition. The initial fraction of receptor sites that is drug- 
receptor complex is reflected by an initial decrease in generation 
rate. This results in a diminution of the production ofa  vital metabo- 
lic intermediate. Subsequent depletion of excess stores of this inter- 
mediate in the normal metabolic or generation processes of the 
organism results in less amounts to compete with drug concentra- 
tions in the biophase, greater fractions of drug-receptor complex, 
and, consequently, further slowing of generation rates. On dilution 
of the drug with fresh medium, the drug in the organism’s biophase 
rapidly reequilibrates with the consequence of less drug-bound 
receptor sites. A new steady-state production of metabolic inter- 
mediate may occur. This results in the observed reasonably rapid 
increase in microbial generation to new steady-state conditions 
(Fig. 2). A kinetically equivalent phenomenon is that the feedback 
is mediated by decreasing the number of available receptor sites 
concomitant with decreasing growth rates. 
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Pharmacokinetic Evidence for Saturable Renal 
Tubular Reabsorption of Riboflavin 


WILLIAM J.  JUSKO and GERHARD LEVY* 


Abstract 0 Pharmacokinetic relationships have been developed to 
characterize a multicompartment drug distribution and elimination 
model which includes a saturable renal tubular reabsorption 
process. The derived expressions have been applied to serum 
concentration and urinary excretion data obtained after rapid 
intravenous administration of riboflavin to man and dog. The 
mathematical relationships and experimental data demonstrate 
the dependence of renal clearance on the serum concentration of 
the drug and on urine flow rate. The results of this study indicate 
that the renal excretion of riboflavin, like that of several other 
water-soluble vitamins, involves saturable tubular reabsorption as 
well as tubular secretion. 


Keyphrases 0 Riboflavin-saturable renal tubular reabsorption 0 
Renal tubular reabsorption, secretion-riboflavin 0 Flavin-inulin 
--clearance ratio 0 Pharmacokinetics-riboflavin renal clearance 


A number of natural substances are known to be 
reabsorbed from renal tubules by a saturable process. 
Among these are the water-soluble vitamins: thiamine 
(l), pantothenic acid (2), and ascorbic acid (3). The 
renal excretion of another water-soluble vitamin, ribo- 
flavin, has been shown (4) to involve tubular secretion in 
man, and it has recently been suggested ( 5 )  that tubular 
reabsorption of riboflavin occurs in the chicken. I n  addi- 


tion, an analysis of published data (6) indicates that the 
renal clearance of riboflavin in man decreases at  lower 
serum levels of the vitamin. 


A substance that undergoes saturable renal tubular 
reabsorption will characteristically yield higher renal 
clearances with increasing serum concentrations (7). 
The kinetics of this process have not been studied in 
detail, particularly over a wide concentration range such 
as is obtained after rapid intravenous injection of the 
substance. The single-injection technique for the study 
of renal clearance is often considered unsuitable (7) 
because of the difficulty of characterizing and account- 
ing for the effect of rapid flux of the drug between 
plasma and tissue. Thus, this technically simpler method 
is often rejected in favor of the commonly used con- 
stant intravenous infusion method where plasma and 
tissue levels of the drug are maintained relatively con- 
stant. However, the constant infusion method will not 
reveal a possible concentration dependence of renal 
clearance unless the study is carried out at several, 
widely different infusion rates. 


The purpose of this report is to present mathematical 
relationships which may be utilized for pharmacokinetic 
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characterization, after rapid intravenous injection, of a 
multiple-compartment model which includes a saturable 
renal tubular reabsorption process. The derived ex- 
pressions will be applied to serum concentration and 
urinary excretion data obtained after rapid intravenous 
administration of riboflavin to man and dog. 


THEORETICAL 


Renal Clearance Expressions-A multicompartment model in 
which drug is administered by single injection into the central 
compartment (which includes plasma) is depicted in Fig. I .  The 
distribution of drug between the central compartment (Subscript 
1) and the tissue compartment (Subscript 2) is characterized by the 
apparent first-order transfer rate constants klz and k2,. The entry 
of drug into the renal tubules is assumed to be by a first-order 
process characterized by the rate constant k,. This may involve 
glomerular filtration with or without a tubular secretion compo- 
nent, provided the secretion process is of such high capacity as not 
to be saturated under the experimental conditions. The tubular 
reabsorption of the compound (transfer from urine to plasma) is 
considered to be of relatively low capacity (saturable) so that the 
Michaelis-Menten parameters T, (maximum transport capacity) 
and K, (Michaelis-Menten constant) are applicable. An extrarenal 
elimination component, represented by the apparent first-order 
rate constant k13, is also employed. The renal clearance expressions 
to be derived are applicable to the described renal excretion mech- 
anisms even if the extrarenal components of the model are more or 
less complex than those presented here. 


The differential equation for the rate of urinary excretion (dX, /d t )  
is 


where C,  is the concentration of drug in the urine. This is assumed 
to reflect the concentration of drug at the site of tubular reabsorp- 
tion. Since 


x, = c,> . v, (Eq. 2) 


and 


k, = CIf/V& (Eq. 3) 


therefore, 


C!, . C, = ke . Xi (Eq. 4) 


where C,, is the plasma concentration of drug, V, is the volume of 
the central compartment, and Clf is the clearance for drug transfer 
from plasma to urine. Substituting Eq. 4 into Eq. 1 yields 


Upon dividing both sides of Eq. 5 by C,, the net or observed renal 
clearance (CIT) is described by 


Equation 6 depicts the typical dependence of net clearance on 
plasma concentration of a drug subject to saturable tubular re- 
absorption. At relatively high C, values, the last term of the equa- 
tion becomes insignificant and c / T  = Cl,, which provides a method 
of estimating Clf.  


Equation 6 can be further rearranged to yield 


which, with a known Ctj value, permits a linearization of experi- 
mental data whereby T, and K ,  can be determined from the slope 
and intercept, respectively, of a plot of C, uersus C,/C,(CI, - CIT). 


.-DOSE .. 


Figure 1-Multiple-compartment open model with central (XI, Vd, 
tissue (Xz), urine (Xu), and extrarenal (X,) compartments. Symbols 
next to the arrows represent transfer rate constants between com- 
partments. Apparent colume and amounts of drug are designated by 
V, and X, respectively. 


Effect of Urine Flow Rate-At relatively high urine concentrations 
of drug (where C, >> Km), Eq. 6 reduces to 


(Eq. 8) 


At relatively low urine concentrations of drug (where K,,, >> C,J, 
Eq. 6 reduces to 


Clr = Clf - T ,  - 
CP 


Since 


(Eq. 10) 


where R is the urine flow rate, Eq. 9 may be written as 


Equation 8 shows that the net renal clearance (CIT) is independent 
of urine concentration (C,)  at relatively high urine and serum 
concentrations of drug. Consequently, c / T  is also independent of 
urine flow rate under these conditions. On the other hand, CIT 
increases with increasing urine flow rate (R) at low plasma and urine 
concentrations (Eq. 11). Thus, evaluation of the effect of urine 
flow on renal clearances will provide further evidence for a saturable 
renal tubular reabsorption mechanism. 


Explicit Solution for Transfer Rate Constants-The remaining 
differential equations that describe the multicompartment model 
shown in Fig. I are: 


where the k's are apparent first-order rate constants dictating the 
rate of change (dX/dt) in the amounts of drug (X) in the respective 
compartments. 


Equation 2 can be substituted into Eq. 14 to yield 


The volume of the central compartment, V,, can be determined after 
single i.v. injection of a drug from 


V, = dose/CP0 (Eq. 16) 
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where C,O is the zero-time plasma drug concentration obtained by 
nonlinear least-squares extrapolation. At time = infinity ( m), 


X3” is the difference between the dose of drug administered and the 
total urinary recovery of the drug. Since 


then by substituting from Eq. 15: 


X3m = k13 . Vc . sorn C, . dt (Eq. 18) 


of which the integral portion is the area under the plasma level 
curve (AUC) which can be readily determined. Thus, kl3 can be 
calculated from 


k13 = X3”/Vc . (AUC) (Eq. 19) 


Similarly, X3 as a function of time is 


X3t = /ilk . V, . Cp . dt 


Substituting Eqs. 1 and 2 into Eq. 12 yields 


which, upon rearrangement, becomes 


r.: 


2.: 
- 
E > 
E 


6 0.5 
z 
0 
0 
z 


g 1.0 


5 0.2 
4 
LL 


5 0.1 
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w 
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0.05 


0.02 


0.c1 
0 2 4 6 8 10 1 2 1 4  
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Figure 2-Serum concentrations (0) and urinary excretion rates 
(0) of total riboflavin in a human subject after rapid intravenous 
injection of 31 mg. ribojlavin (FR) as riboflavin-5 ‘-phosphate (FMN).  
Solid lines represent a Ieasl-squares triexponentinl computer f i t  of the 
data. 


As evident from Eq. 13, both sides of Eq. 22 are equal to -dXZ/dt, 
or 


All parameters on the right-hand side of Eq. 23 can be determined 
directly from experimental data and from Eqs. 16 and 19. Thus, 
succcessive values of dX2/dr as a function of time can be calculated. 
Since 


values of Xz as a function of time can be calculated using computer 
numerical integration’ of Eqs. 23 and 24. With values of Xz,  dXz/dt, 
and Xl thus obtainable at successive times (Eqs. 24, 23, and 2, 
respectively), rearrangement of Eq. 13 provides a slope-intercept 
method for determining the transfer rate constants klz and kzl since 


Calculation of the amounts of drug in the respective compart- 
ments of the model as a function of time can then be achieved by 
use of Eqs. 2 (for Xl) ,  24 (for Xz) ,  and 20 (for X3). Xu as a function 
of time can be determined directly from the urinary excretion data. 


EXPERIMENTAL 


The studies were carried out in a healthy male human subject 
(26 years, 85.4 kg.) and an apparently healthy female mongrel dog 
(29.5 kg.). The human subject received an intravenous dose of 31 
mg. riboflavin (FR) as sodium riboflavin-5’-phosphate (FMN).Z 
Urine was collected at appropriate intervals for a total of 48 hr. 


MathematicaIIy, this can be done using either the trapezoidal rule 


Sodium riboflavin-5 ’-phosphate. Hoffmann-La Roche. Nutley, 
or Simpson’s ruIe (8). 


N. I. 


Blood samples (16 ml. each) were obtained from the antecubital 
vein at -0.5,0.25,0.15, 1.25,2.25, 3.25, 4.5, 6.5, 8.5, 13.0, and 25.0 
hr. after FMN injection. These were midtimes of urinecullection 
periods. The serum and urine samples were analyzed for FR, FMN, 
and endogenous creatinine. 


Dog Study3-The dog was fasted overnight prior to the experi- 
ment but was allowed free access to water. Anesthesia was induced 
with sodium pentobarbital,* 30 mg./kg., and was maintained for the 
duration of the experiment by administration of 2-4 mg./kg. of the 
anesthetic approximately every hour as needed. 


The animal was prepared for study using standard surgical 
techniques with care being taken to minimize blood loss. A tracheal 
cannula was inserted to prevent obstruction of respiration. A 
venous cannula in the left foreleg was used for infusion of isotonic 
saline solution to maintain adequate hydration of the dog. A 300- 
mg. priming dose of inulin6 was injected intravenously 30 min. prior 
to rapid intravenous administration of 18.3 mg. of riboflavim6 
Using a cannula placed in a right foreleg vein, inulin solution 
(12 mg./ml., 2 ml./min.) was infused for the duration of the experi- 
ment. Urine was generally collected every 10 min. for 280 min. from 
cannulas placed in each ureter. Arterial blood samples (11 ml. 
each) were collected at the midtimes of the urine-collection periods 
by means of a cannula placed into a left hindleg artery of the dog. 
Dilute heparin solution (50 units/ml.) was maintained in the arterial 
canaula between collection times to prevent clotting of blood in the 
cannula. 


Analytical Methods-Riboflavin and FMN in serum and urine 
were assayed fluorometrically as described previously (9). Inulin 
and endogenous creatinine were determined by standard colori- 
metric techniques (10). There was no interference in the assay of 
any of the compounds due to the presence of the others. 


Data for flavins and inulin were corrected for blank readings of 
urine and serum obtained prior to administration of the compounds 
to the test subjects. 


a The authors gratefully acknowledge the help of Dr. Barbara R. 


4 Diabutal, 60 mg./mI., Diamond Laboratories, Des Moines, Iowa. 
6 Inulin, Nutritional Biochemicals Corp., Cleveland, Ohio. 
8 Riboflavin USP, Hoffmann-La Roche, Nutley, N. J. 


Rennick in this experiment. 


Vo/. 59, No. 6, June 1970 767 







5.0 i$ 4 500 


- 
E 2.0 
\ 


d 


- 1.0 
E 
i 
0 
z 
0 
0 0.5 


z 
a 
0 0.2 m 


> 
J U 


LL 
2 
3 0.1 
LL 
w 
m 


0.05 


200 


c .- 
100 5 


!? 
E 


50 I;' 
0: 
a 
z 
2 


20 $ 


tl 
LL 
0 


10 


5 


1 


0.02 t 
40 120 200 280 


TIME, rnin. 


Figure 3-Serum concentrutions and urinary excretion rates of ribo- 
jlauin in a dog afier rapid intravenous injection of 18.3 mg. ribopauin. 
Symbols and lines are deJined as in Fig. 2. 


RESULTS 


Renal Clearances-The declines in serum concentrations and 
urinary excretion rates of flavin after rapid intravenous injection 
of the vitamin to the man and the dog are shown in Figs. 2 and 3, 
respectively. The data are plotted semilogarithmically as a function 
of time. Graphical analysis of the experimental results by the 
method of residuals (11) indicated that the decline of all data was 
triexponential. A nonlinear least-squares computer fit7 of the data 
was obtained using the "NLIN" digital computer program of 


450 1 


Table I-Pharmacokinetic Constants" Describing the Serum 
Concentrations and Urinary Excretion Rates of Riboflavin after 
Its Intravenous Administration to Man and Dog 


Serum Concentrations Urinary Excretion Rates 
Constantb Man Dog Man Dog 


A, mcg./J 1.83 2.40 803 594 
01. hr.-l 3.24 10.4 3.02 9.69 
B; mcg./J 0.316 1.43 94.7 257 
p, hr.-l 0.717 1.86 0.824 2.46 
C, mcg./J 0.0719 0.0975 14.6 58.1 
7, hr.-l 0.120 0.258 0.148 0.602 


a From least-squares computer fits of Eq. 26. b For serum: J = ml.; 
for urinary excretion: J = min. 
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Marquardt (12). The general equation which was fit to the data is 


F = A . e-at + B . e-81 + c . e-yt (Eq. 26) 


where F represents either flavin plasma levels or urinary excretion 
rates, t is time, and the remaining symbols are constants. Since the 
experimental data extended over a range of more than two orders 
of magnitude, they were converted to  their respective logarithm 
values to reduce bias resulting from the numerical size of the larger 
values relative to the smaller values. The six parameters which were 
obtained for each of the four sets of data are shown in Table I;  
the solid lines of Figs. 2 and 3 represent the computer least-squares 
fit to the respective data. 


All human pharmacokinetic analyses in this study were carried 
out on the basis of total flavin levels, i.e., riboflavin and riboflavin- 
5'-phosphate (FMN). This was necessary because of the rapid 
dephosphorylation of FMN in the blood in uitro (13) and because 
of limited assay sensitivity for FMN in the presence of an excess 
of riboflavin. However, estimations of renal clearances of FMN 
during the early sampling periods (when FMN levels were high) 
showed that the clearance of this substance was similar to that of 
riboflavin itseIf. 


The renal clearances of flavin in man are shown in Fig. 4 plotted 
as a function of serum flavin concentration. All renal clearance 
values were obtained by the usual method of dividing the urinary 
excretion rate by the midtime serum concentration. The solid line 
of Fig. 4 represents flavin clearances calculated from the least- 
squares parameters of Table I. The figure also shows the endog- 
enous creatinine clearances obtained at the same times as a 
measure of the glomerular filtration rate (GFR). The GFR re- 
mained essentially constant for the duration of the experiment, 
and the average value obtained was 130 ml./min. 


The flavin clearances in Fig. 4 show a profile characteristic of 
saturable tubular reabsorption since the net clearance values pro- 
gressively diminish as serum levels of the vitamin decline. Tubular 
secretion of the vitamin also occurs since the net clearance exceeds 
the GFR. Since the substrate concentration of the tubular secretory 
process (presumably plasma or cell water concentration of flavin) 
is appreciably lower than the flavin concentration in the urine, and 
since the net clearance of flavin increases rather than decreases a t  


I I .  I - 1  I L i -  5 0 -  - '  
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Figure 4-Rend cleuruiices of todul rihofltrLirl (0)  i n  the human 
subyect as a fiuictioii of seriinz total I ibofltrciir c oizceiitration. Solid 
line repre~erits u IeuJt-syuares f i t  of ihe drita uccordiiig to the constants 
of Table I .  Open symbols show siinultaneoudy obturiied creatiniiie 
clearances. 


' The contribution of C.D.C. 6400 computer t k ~ i e  by the S t d e  Uni- 
versity of New York at Buffalo Computer Ccnter IS gratefully r:cknowl- 
edged. 
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Figure 5-Linearization method 
for obtaining the Michaelis- 
Menten constants of the renal 
tubular reabsorpiion process ac- 
cording to Eq. 7. The line fitted 
to the data has a slope of T, 
and an intercept of -Km. 
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Figure 4-Net renal clearance (ClT) ofriboflawin in man plotted as a 
function of reciprocal serum concentration. Symbols are experi- 
mental data, and the line represents clearances calculated according 
10 Eq. 6 using the deriwedwakues of Clr, T,,, andK,,,. 


high plasma concentrations of the vitamin, it was assumed that the 
secretory process was not capacity limited under the experimental 
conditions. Tubular secretion and glomerular filtration of flavin 
were therefore treated pharmacokinetically as apparent first-order 
processes. On the assumption that the contribution of the tubular 
reabsorption process to the net clearance is negligible at relatively 
high serum concentrations of the vitamin, a theoretical Clf was 
calculated from the Cpn and dX,,*/dt values obtained by computer 
from plots of these data as a function of time. 


This value, 420 ml./min. in man, was taken as an estimate of CI, 
and used in Eq. 7 for linearization of the renal excretion data by a 
plot of C, uersus Cu/Cp . (Cl, - C ~ T ) .  The graphical results are shown 
in Fig. 5. A least-squares fit of the data yielded a slope of 33.3 
mcg./min. for T, and an intercept K ,  value of 16.3 mcg./ml. The 
three renal excretion parameters can be more readily obtained using 
Eq. 6 with a plot such as shown in Fig. 6. A direct computer fit of 
Eq. 6 to the experimental data using the Marquardt digital com- 
puter program (12) yielded nearly identical values for CIJ, T,, and 
K, (425 ml./min., 34.1 mcg./min., and 17.9 mcg./ml., respectively). 
ln the human subject, the urine flow rates were essentially constant 
at about 1 ml./min. The curve shown in Fig. 6 represents the cal- 
culated net clearance ( C ~ T )  of flavin, using the graphically derived 
values of Cl,, T,, and K ,  in Eq. 6. The excellent fit of the experi- 
mental points to the calculated line demonstrates the suitability of 
the pharmacokinetic expressions for describing the concentration 
dependence of the renal clearances of riboflavin. 


The renal clearances of riboflavin and urine flow rates obtained in 
the dog are shown in Fig. 7 as a function of time. The solid line 
depicts renal clearance values calculated from the least-squares 
parameters for the dog listed in Table I. The inulin clearances which 
were obtained as a measure of GFR were relatively constant and 
averaged 98.0 ml./min. with a standard deviation of 7.6. The fact 
that the flavin-inulin clearance ratio is greater than unity and the 
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Figure 7-Renal clearance of riboflavin (e) and urine flow rates 
(bars) in the dog as a function of time afrer riboflavin injection. The 
solid curve is a computer least-squares fit of the renal clearance data 
according to the constants of Table I.  
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Figure 8-Effect of urine flow rate on riboflavin clearance in the 
dog. Open symbols are results obtained during 0-140 min. and solid 
symbols are results obtained during 14s-280 min. after riboflawin 
administration. 


decrease in the clearance values of riboflavin with decreasing serum 
concentrations indicate that the renal clearance of riboflavin in the 
dog, as in man, involves both tubular secretion and saturable tubular 
reabsorption. These data also demonstrate the dependence of net 
renal clearance on urine flow rate, but the relationship is better 
exemplified in Fig. 8. In that figure, the net renal clearance of ribo- 
flavin is plotted as a function of urine flow rate with the data ob- 
tained in the first 140 min. separated from the data subsequently 
obtained. As predicted by Eq. 5,  there is little effect of urine flow on 
the early riboflavin clearances (C,  > 0.06 mcg./ml.), but net clear- 
ance increased markedly with increasing urine flow rate when ribo- 
flavin serum and urine levels were relatively low. 


For the dog, the earlier described computer program (12) was 
used to calculate Clf ,  Tm, and K,,, and values are listed in Table 11. 


Distribution and Elimination Parameters of the Model-The last 
portion of the Theoretics/ section includes methods of calculating 
the rate constants ki3,  k12, and k2,. The volume of the central com- 
partment for man and dog was obtained using Eq. 16, with Cpo 
determined from the least-squares parameters for the serum level 
data in Table I where 


CPo = A + B + C (Eq. 27) 


The areas under the plasma level curves for man and dog were 
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Figure 9-Plot of pharmacokinetic data from the human according 
to Eq. 25 to yield an intercept of kll on the ordinate and a slope of - ka. Circles are values calculated directly from the experimental 
data and the line is the computer regression calculation. 
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Table 11-Pharmacokinetic Constants of the Multicompartment 
Model for Riboflavin Distribution and Elimination in Man and Dog 


Constant Man Dog 


CI,, ml./min. 
T,, mcg./min. 
K,, mcg./ml. 
k., hr.-l 
k13, hr.-l 
klz, hr.-1 
kz,, hr.-I 


Dose, mg. 
Urinary excretion, 


420 
33.3 
16.3 
1.80 
0.133 
0.768 
0.872 


14.0 
16.4 
85.4 
31 . O  


% 89.8 


232 
21.9 
9.61 
2.98 
0.433 
3.01 
5.11 
4.66 


15.8 
29.5 
18.3 
85.0 


found to be 1.62 and 1.36 mcg. hr./ml., respectively. The k J 3  values 
for man and dog, which were calculated by means of Eq. 19, are 
0.133 and 0.433 hr-l ,  respectively. All numerical integrations were 
carried out using the trapezoidal rule with sequential areas deter- 
mined at 0.05-hr. increments. 


Figure 9 shows the plot of dXz/dt/X1 uersus Xz/Xl for the data 
obtained in the human subject. There is good agreement between 
the points calculated directly from the experimental data and the 
computer-calculated regression line. A similar plot was obtained for 
the dog; the resultant values of kla and kzl which were found in the 
two experiments are listed in Table 11. 


Since only one man and one dog were employed in the present 
study, the rate constants and pharmacokinetic parameters listed in 
Table I1 cannot be used as a measure of species differences. How- 
ever, it is interesting to note several similarities in the data of Table 
I1 for man and dog. The volume of the central compartment is 
about 16% of body weight in both. The percent urinary excretion 
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Figure 10-Amounts of total riboflauiri (as fraction of the adminis- 
tered dose) as a function of time in the four compartments of the 
pharmacokinetic model for man. Data points were obtained experi- 
mentally from serum concentrations (for Curue XI) and urinary ex- 
cretion rates (for Curve Xu). 
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Figure 11-Fraction of the riboflauin dose as a function of time in 
the four compartments of the pharmacokinetic model for the dog. 
Data points and lines were obfained as in Fig. 10. 


and the ratios of k,: k13, kzl : k12, and T, :K ,  are similar. However, the 
tubular secretion process (Cl,) had a relatively much greater ca- 
pacity in the dog, resulting in more rapid elimination of the vitamin. 


The parameters of Table I1 were used with the appropriate 
equations of the Theoretical section to calculate the fraction of the 
dose of flavin in the respective compartments of the pharmaco- 
kinetic model of Fig. 1. The results of such calculations are shown 
in Fig. 10 for the man and in Fig. 11 for the dog. The experimental 
data shown for the central (Xl) and urine (Xu) compartments are in 
excellent agreement with the calculated curves. As predicted by the 
several similarities in the parameters listed in Table 11, the time 
courses of fractional drug levels in man and dog are quite similar, 
except that all processes occur at a more rapid rate in the dog. The 
parameters and results of Table I1 and Figs. 10 and 11 were further 
confirmed using the “MIMED’ digital computer analog simulation 
program (14) with the appropriate differential equations (Eqs. 2 
and 12-14). 


Calculation of the sum of the fraction of the dose of drug in the 
various compartments using the derived parameters of the model 
provides an indication of the overall error involved in the calcula- 
tions. The discrepancy between the summation of fractional drug 
levels and the administered dose ranged between 0 and 2%. Since 
the calculated Xl and Xu values agreed very well with the experi- 
mental data, most of the error can be attributed to calculation of X, 
and particularly Xz.  This is to be anticipated because of the three 
components of Eq. 23 which must be calculated from the experi- 
mental data and the subsequent necessity of integrating this equation 
at discrete time increments to obtain Xz values. 


DISCUSSION 


A pharmacokinetic model has been developed to characterize the 
kinetics of renal clearance by simultaneous first-order renal excre- 
tion and saturable renal tubular reabsorption after rapid intra- 
venous administration of a drug. This model and the results ob- 
tained experimentally demonstrate the dependence of renal clear- 
ance on the serum concentration of a drug and the rate of urine fow. 
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It was assumed in the calculations that the urine concentration of 
drug approximates the concentration at the site of renal tubular 
reabsorption. If tubular reabsorption occurs in the distal renal 
tubule, this assumption is probably quite reasonable. The simul- 
taneous occurrence of glomerular filtration, tubular secretion, 
tubular reabsorption, and water reabsorption produces a proximal 
to distal gradient in tubular concentrations of drug, and the actual 
drug concentration at the site of reabsorption will lie between the 
glomerular filtrate concentration ( C,) and the urine concentra- 
tion in the ureter ( C 3 .  If the actual drug concentration (S) at the 
site of tubular reabsorption is considered to be the average of the 
filtrate and urine concentrations. 


s = 11 Z(CP + CU) (Eq. 28) 


and since C,  >> C,, then S = 1/2Cu. Substituting this average con- 
centration into J2q. 6 and rearranging yield 


The T,, value, but not the value of K,, is independent of the assump- 
tion represented by Eq. 28. Equation 29 indicates that K ,  is simply a 
proportionality constant which is dependent on the assumption of 
how best to approximate the drug Concentration at the site of re- 
absorption. It, therefore, should not be used for comparison of 
data for drugs which are reabsorbed at different sites in the renal 
tubule. 


The renal clearance equations which were developed are in- 
dependent of the complexity of the extrarenal portion of the model. 
Drug levels are measured in the serum and urine, and the clearance 
equations are only concerned with the relationship between the two 
compartments as reflected by these fluids. 


The nonlinear relationship which characterizes the tubular 
reabsorption mechanism does not permit solution of the extrarenal 
parameters of the model by use of the usual pharmacokinetic treat- 
ments such as described by Rescigno and Segre (15). However, 
because drug levels were simultaneously determined in two com- 
partments (central and urine), it was possible to develop explicit 
solutions for the rate parameters k13, klz, and kZl. The results of such 
calculations yield a very good fit to the test data, but the values 
obtained for Xz as a function of time may be slightly in error. This 
error arises from experimental variation in the values of dC,/dt, 
dXJdt,  and C,: the necessity of predetermining V, and k13 for use in 
Eq. 23; and the probable error due to integrating this equation at 
discrete time increments. The use of computer calculations and 
least-squares data treatments, however, tends to minimize such 
error. It is easier to utilize the mathematical relationships described 
here than to resort to the analog computer for an empirical resolu- 
tion of the parameters. The linearity of a plot such as is shown in 
Fig. 9 also provides a test to determine whether or not a more 
complex model (e.g., two-tissue compartments) might be more 
appropriate. 


The serum concentration and urinary excretion rate data in man 
and dog could be fitted effectively to a triexponential equation. For a 
linear multiple-compartment model, such data would be indicative 
of a three-compartment open model; parameters such as those 
shown in Table I could be directly utilized for solution of the micro- 
scopic transfer rate constants (15). However, because of the non- 
linear tubular reabsorption process, this approach was not feasible 
in this study, and the least-squares triexponential fit of the data 
(Table I and Eq. 26) was used only for a suitable description of the 
data which facilitated computer numerical analyses for solution of 
the pharmacokinetic equations listed in the Theoretical section. 


With regard to the test compound used in the present study, the 
data indicate that the renal excretion of riboflavin in man and dog 
involves a specialized secretory process of apparent high capacity as 
well as an easily saturated tubular reabsorption process. The first 
conclusion is based on the renal clearance data which show that 
riboflavin clearances are much greater than the glomerular filtra- 
tion rate, even without correction of the clearance data for the 
moderate extent of serum protein binding of the flavins. Previous 
work has shown that riboflavin and FMN, in the serum concentra- 
tion range encountered in this study, are about 6 0 z  bound to 
plasma proteins in man (9). The dog exhibits 19% binding of ribo- 
flavin to serum proteins (16). In both species, the extent of flavin 
binding is independent of serum concentration over the range used 
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Figure 12-Relationship between renal clearance and serum con- 
centration of riboflavin in a human subject who received 84 mg. 
riboflavin by intravenous infusion over 2 hr. The open circles are 
values obtained during the in fusion (when serum concentrations were 
rising) and the solid circles are values obtained postin fusion (when 
serum concentrations were falling). Based on data from Reference 6.  
The curve is from Fig. 4 of the present study. 


in the present study. It has been further demonstrated that pro- 
benecid, a potent inhibitor of many active transport processes (17), 
inhibits the renal clearance of riboflavin in man (13) and dog (16). 
Markkanen et at. (18) have also shown that probenecid decreases 
the basal excretion of riboflavin in man and rabbits whose ribo- 
flavin intake was limited to that derived from the normal diet. 
Rennick (19), whose work first demonstrated the tubular secretion 
of riboflavin in chickens, also noted that this process was inhibited 
by probenecid. 


The decline in renal clearances of riboflavin with decreasing serum 
levels of the vitamin indicates that the vitamin undergoes saturable 
tubular reabsorption. The kinetics of this process are well charac- 
terized in man and dog by a model which assumes saturable renal 
tubular reabsorption. Experimental confirmation of the theoretically 
predicted effect of urine flow rate on the renal clearance of ribo- 
flavin in the dog adds further support to this interpretation. Evi- 
dence in the literature also suggests a dependence of riboflavin 
excretion on urine flow rate. Tucker et a/. (20) and Johnson (21) 
reported increases in riboflavin excretion in human subjects after 
diuresis due to increased water intake. A reexamination of data 
published by Markkanen (22) shows that diuresis induced by 
acetazolamide and mercaptomerin also increases the basal excretion 
of riboflavin in rabbits. 


The relationship between renal clearance and serum concentra- 
tion shown in Fig. 4 was determined under dynamic conditions, i.e., 
when serum concentrations of riboflavin were changing rapidly. 
These conditions are quite different from the usual conditions for 
the determination of clearance values, where relatively constant 
serum concentrations are maintained by continuous infusion of 
drug. The question then arises whether the clearance versus serum 
concentration profile obtained in the present study is an artifact 
due to distribution effects. There is strong evidence that this is not 
so. First, the magnitude of the clearance changes (almost threefold) 
is much greater than could be explained by distribution effects, 
particularly since, according to the pharmacokinetic analysis, no 
more than 18% of the dose of riboflavin reaches the “tissue” 
compartment. Second, analysis of riboflavin serum and urinary 
excretion data from the literature (6) provides independent con- 
firmation of the results of the present study. The renal clearance 
values calculated from these data, which were obtained by infusing 
a total of 81 mg. riboflavin over 2 hr., are shown in Fig. 12. The 
clearance versus riboflavin concentration profile is essentially the 
same as was obtained in the present study, although the numerical 
values are somewhat lower, probably reflecting differences in body 
size. Tile clearance values during infusion of riboflavin (i.e.,  when 
the serum concentration of riboflavin was rising) agree well with the 
postinfusion vilues (i.e., when the serum concentration of ribo- 
flavin was falling). This, and the fact that distribution factors would 
have much smaller effects when the drug is administered by infusion 
rather than by rapid intravenous injection, strongly support the 
conclusions of the present study. 
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It is now apparent that there exist specialized transport mech- 
anisms for riboflavin, other water-soluble vitamins, and certain 
amino acids and sugars for renal tubular reabsorption as well as 
intestinal absorption (3, 7, 23, 24). Both mechanisms are easily 
saturable. The specialized renal tubular reabsorption process helps 
to prevent a possible depletion of body levels of these essential 
nutrients. On the other hand, saturability of transport of nutrients 
across the small intestine sets an upper limit on the amount of these 
substances which can be absorbed. 
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Distribution, Excretion, and Metabolism 
of “C-Labeled Quaternary Ammonium Salt 
of Mepazine and Promethazine in Rats 


C. L. HUANG, J. A. YEH, and S. Y. HSU 


Abstract 0 Studies on the biological fate and antimicrobial activity 
of mepazine and promethazine methiodide are presented. Synthesis 
of I4C-methiodide and estimation of the unchanged compound in 
biological materials are described. After intraperitoneal admin- 
istration, the majority of these compounds was excreted in feces. 
The radioactivity in the liver and kidneys prevailed over other 
organs. Blood levels were low but above the significant level in 
both compounds. Brain level of promethazine methiodide-14C was 
detectable but that of mepazine methiodide-14C was insignificant. 
These compounds displayed a significant antimicrobial activity. 


Keyphrases 0 Mepazine and promethazine 14C-methiodides-syn- 
thesis 0 Biological fate-mepazine and promethazine 14C-methio- 
dides 0 UV spectrophotometry-identity 0 Paper chromatog- 
raphy-separation 0 Radiochromatography-purity determina- 
tion 


Mepazine and promethazine are derivatives of pheno- 
thiazine but they display quite a different mode of ac- 
tion. Pharmacologically, mepazine is less potent than 
chlorpromazine (1-5). The drug possesses a neuroleptic 


effect similar to that of chlorpromazine (6-8); however, 
mepazine is not a drug of choice for the treatment of 
psychoses because of the high incidences of side effects 
such as agranulocytosis, seizures, depression of bone 
marrow, and jaundice. Promethazine (9, 10) finds its use 
mainly as a potent antihistaminic drug with a prolonged 
duration of action and as a drug for motion sickness. 
The difference in the pharmacological activities between 
these two drugs appears to be attributable to the effect of 
the side chains attached to  the nitrogen of the phenothi- 
azine ring system. All psychoactive phenothiazine deriva- 
tives possess a three-carbon bridge between the terminal 
and the ring nitrogen, while the presence of a two-carbon 
bridge between the two nitrogens appears to enhance the 
antihistaminic effect but diminishes the psychoactive 
properties of phenothiazine derivatives. 


Quaternization of a side-chain nitrogen does not seem 
to  decrease the toxicity of phenothiazine neuroleptics 
(11, 12). In many cases, toxicity appears to beenhanced. 
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Pyrrolidine-Substituted Nicotine Analogs: 
Synthesis and Pharmacology 


WARREN HANKINS" and ALFRED BURGER 


Abstract (-)5',5'-Dimethylnicotine (I) was synthesized in one 
step from (-) cotinine; it had approximately 0.03 times the mouse 
toxicity of nicotine but did not cause the same qualitative toxic 
signs as nicotine; it stimulated and then depressed autonomic gan- 
glia (anesthetized dog) and directly affected the respiratory center 
and the cardiovascular system. The total synthesis of 5,5-dimethyl- 
2-(3-pyridyl)-A1-pyrroline (V) and its 1-oxide (VI) was performed. 
Compound V was hydrogenated to 2,2-dimethyl-5-(3-pyridyl)pyr- 
rolidine (II), and this was converted to its 1-propyl homolog. Com- 
pound VI was reduced to 2,2-dimethyl-l-hydroxy-5-(3-pyridyl)pyr- 
rolidine (VIII). 


Keyphrases 0 Nicotine analogs, pyrrolidine substituted-syn- 
thesis 0 Pharmacology-pyrrolidine-substituted nicotine analogs 
0 NMR spectroscopy-structure 0 Mass spectroscopy-identity 
0 Nitrone-synthesis, reactions 


Because of the blocking action of neighboring methyl 
groups upon the piperidine-nitrogen in pempidine (l), 
the authors undertook a study of derivatives with 
sterically crowding methyl groups in the pyrrolidine 
ring of nicotine. Of compounds which have been 
studied pharmacologically, 5'-rnethyinornicotine (2), 
and nicotine analogs with alkyl groups in the pyridine 
ring, including 4- and 6-methylnicotine (3, 4), and 
2-(or 6-)  alkyl- I ,2-(or 1,6-)dihydro- I-methylnicotine 
compounds ( 5 )  may be mentioned; the latter paralyzed 
the respiratory center but lowered the dog's blood 
pressure. 


THEORETICAL 


In this work, (-) cotinine was treated with excess MeMgI to 
give (-) 5-(3-pyridyl)-l,2,2-trimethylpyrrolidine [(-)5 ' ,5 '-dimethyl- 
nicotine (I)]. 


3 - P y Q  Me2 


I 
Me 


I 
The corresponding I-nor compound [(+)5,5-dimethyl-2-(3- 


pyridy1)pyrrolidinel (11) was synthesized as follows. Methoxide- 
induced condensation of 3-dimethylamino-l-(3-pyridyl)-l-propan- 
one (111) with 2-nitropropane, and hydrogenation of the resulting 
4-methyl-4-nitro-l-(3-pyridyl)-l-pentanone (IV) gave 5,5-dimethyl- 
2-(3-pyridyl)-A1-pyrroline (V) together with 5,5-dimethyl-2-(3- 
pyridyl)-A'-pyrroline-l-oxide (VI) (6). The pyrroline V was then 
hydrogenated to 11. 


Confirmation of structures V and VI rested on chemical reactions 
and spectra (see E.rpPrimenraf). Propionylation of 11 followed by re- 
duction of the resulting amide gave 2,2-dimethyl-l-n-propyl-5- 
(3-pyridy1)pyrrolidine (VII), the propyl homolog of I. Furthermore, 


'After completion of both the synthetic and pharmacologic work 
(uide infru) the authors learned of an article by Castagnoli et al. (7) who 
had synthesized several of the compounds described in this paper [(*)I, 
11, V, VI, VIII] by a completely different route. Por this reason, the 
authors' experimental report lists only those data that differ significantly 
from those of the California authors (7). 


342 0 Journal of Pharmaceutical Sciences 


Me,CHNO, H 
3-PyCO(CH2),NMe2 NaOMe 3-PyCO(CH2)2CMe,N0, 2 


111 rv 


V 
H ?P-C 


I 
0- 


VI 


3-PyQMe2 1 2. ( F t C 0 ) O  LAH 3 - P y 4 7 M e 2  


H I 
n-Pr 


VII 


I 
OH 


VIII 


the nitrone VI could be reduced to 2,2-dimethyl-l-hydroxy-5- 
(3-pyridy1)pyrrolidine (VIII). 


The nicotine homolog I (as the dihydrochloride) was tested 
(Dr. Marvin 5. Bleiberg of Woodard Research Corp.) and compared 
to nicotine (dihydrochloride and sulfate) under identical test con- 
ditions which are described in the Experimental section. The LD50 
ratios in the mouse for I (I.2HC1, LD50 11.0 mg./kg., 95% con- 
fidence limits) and nicotine were approximately 30.6, i.e., I was 
about 0.03 times as toxic as nicotine. The confidence intervals of 
the LDso's for each compound show that the dose-mortality curves 
are virtually parallel. However, toxic signs such as Straub tail, 
tremors, eyelid ptosis, and mydriasis, which were seen at lethal 
doses of nicotine, were not observed with I. 


The MEDso to obtain a pharmacodynamic effect in the mouse are 
(95 % confidence limits) 0.018 mg./kg. for nicotine.2HC1, and 
1.8 mg./kg. for I.2HC1, respectively; thus the potency ratio of 
nicotine/I is 100.0. There was evidence of ganglionic stimulation ex- 
pressed by a greater rise in blood pressure caused by dimethyl- 
phenylpiperazinium iodide (DMPP) for I;  in a dog receiving 
atropine before all but the initial dose of I, 0.200 mg. of I caused a 
marked rise in blood pressure equivalent to 0.016 mg. of nicotine 
sulfate. This is consistent with the potency ratio in the mouse. A 
ganglionic blocking action after large doses of I was suggested by 
the progressive depression of the blood pressure rise after AcCh 
following increasing doses of I. A direct effect on the respiratory 
center and on the cardiovascular system was indicated by the in- 
creased depth of respiration and the large blood pressure rise follow- 
ing injection of I. 


The odor of I (free base) was very similar to, if not indistinguish- 
able from, that of nicotine. 


EXPERIMENTAL 


Melting points were determined with a Thomas-Hoover ap- 
paratus and are uncorrected. IR spectra were obtained on a Perkin- 
Elmer 337 spectrophotometer, NMR spectra on a Perkin-Elmer 
R-20 instrument (60 M c.P.s.), mass spectra with a Hitachi-Perkin- 
Elmer RMUdE instrument (see Table I). IR and NMR spectra 
were taken on all compounds and were consistent with the pro- 
posed structures; they are listed only if not essentially identical with 
those tabulated by Castagnoli e ta / .  (7). NMR spectra(p.p.m.) were 
measured in CDCI, (TMS as standard) or in D20 (DSS as standard), 
respectively. Microanalyses were performed by Galbraith Labora- 
tories, Knoxville, Tennessee. 


Pharmacological Methods-Mice of the HA/ICR strain, random 
breed (2 per dose level), received I at one-half log-dosage intervals 
i.v. Observations included the standard pharmacologic profile in 







Table I-Mass Spectra (70 ev.) m/e 


Fragmentation 
Compound M+ M minus ( ) 


I 
11 
V 


VI 


VII  


VIlI 


190 
176 
174 


190 


218 


192 


175 (CH,) 
161 (CH,) 


203 ICH;I 


dose range studies, number of mice reacting, time of onset of the 
pharmacologic signs, their degree and severity, and the time for 
recovery. LDao and MEDjo (both at 95% confidence limits) were 
estimated. 


For tests in the dog, two mongrel dogs which were housed in 
temperature-controlled quarters, conditioned to the laboratory, 
and previously given canine distemper vaccine, were used. Food 
was withheld for 18-24 hr. prior to anesthesia (phenobarbital 
sodium, 140 mg./kg., i.v. or i.p.). The trachea was exposed and can- 
nulated in order to maintain the respiratory airway. The right com- 
mon carotid artery was exposed and cannulated to record blood 
pressure by means of an E and M pressure transducer, connected 
to an E and M physiograph. The anticoagulant was benzo fast 
pink (1.66 g./l. of 9 %  saline). Bilateral electrodes, placed on the 
skin next to the lower ribs, recorded the respiratory excursions by 
means of an impedence pneumograph; the EKG was recorded on a 
separate channel of the physiograph. Injections of the test material 
(and of nicotine dihydrochloride as a standard) were administered 
through a cannula inserted into a femoral vein; each injection was 
washed with Krebs-Ringer solution. In addition to graded increas- 
ing doses of I (dihydrochloride) and of the standard, Dog No. 1 
also received dimethylphenylpiperazinium iodide, acetylcholine 
chloride, and atropine sulfate before a final dose of nicotine sulfate. 
Dog No. 2 also received epinephrine, ACh, and atropine. 


Chemistry-( -)1,2,2-Trimethy/-5-(3-pyridyl)pyrrolidine ([)-To 
a solution of MeMgI [from 106.5 g. (0.75 mole) of Me1 and 18.2 g. 
(0.75 mole) of Mg in dry ether (300 ml.) under N2] was added (-) 
cotinine (8) (26.4 g., 0.15 mole) in dry benzene (40 ml.). Ether was 
removed by distillation and replaced by benzene, and the solution 
was refluxed at 65-75" under Nz for 24 hr. (9). The reaction mixture 
was poured into ice water, the basic mixture was steam distilled, and 
the distillate (3-4 1.) was acidified and evaporated under vacuum. 
The residual oil was made basic, extracted (ether), and dried well 
(Na2S04). Evaporation of the ether yielded 5 g. (17%) of a brown 
liquid. The colorless dihydrochloride, prepared in ether, was re- 
crystallized from ethanolkther, m.p. 258-260". 


Anal.-Calcd. for CI2H2oCl2N2: C, 54.8; H, 7.6; N, 10.6. Found: 
C, 55.0; H, 7.8; N, 10.4. 


The yellow dipicrate was obtained in, and recrystallized from, 
ethanol, m.p. 210-212": 


And-Calcd. for Cz4H24N~O14: C, 44.4; H, 3.7; N, 17.3. Found: 
C, 44.4; H, 3.8; N, 17.1. 
4-Methyl-4-nitro-I-(3-pyridyl)-I-pentunone (1V)-A solution of 


sodium methoxide (3 g., 0.054 mole) in methanol (40 ml.) was added 
gradually to a stirred solution of 3-dimethylamino-l-(3-pyridyl)-l- 
propanone (111) (10.7 g., 0.05 mole) (LO) and 2-nitropropane (31 g., 
0.35 mole) in methanol (60 ml.) (1 1). After slight heating for 10 min. 
the stirred solution was heated to boiling, and dimethylamine was 
removed by distilling off about 10 ml. of methanol over a period 
of 20 min. Solvent and excess nitropropane were then removed 
under reduced pressure, the residue was taken up in water (100 ml.) 
containing a few drops of 10% NaOH solution, and IV crystallized 
on cooling. It was recrystallized from ethanol. The colorless crystals 
weighed 7.6 g. (68 %), m.p. 73-75". 


And-Calcd. for CllHl4NZO3: C, 59.5; H, 6.3; N, 12.6. Found: 
C, 59.7; H,  6.4; N, 12.5. 
Reduction OflV-A solution of IV (8.4 g., 38 mmoles) in absolute 


ethanol (40 ml.) and 2 g. of W-7 Raney nickel (12) was hydrogenated 
at an initial pressure of 3.6 kg./cm.2 for 24 hr. Standard workup 
yielded 6.5 g. of crude reduction product which was chromato- 


- 76.9" (c 0.13, ethanol). 


graphed on magnesium silicate.2 Elution with ether gave $5- 
dimethyl-2-(3-pyridy1)-A1-pyrroline (V) (4.6 g., 69 %); elution with 
ether-methanol (9 : I)  gave 5,5-dimethyl-2-(3-pyridyl)-A 1-pyrroline- 
l-oxide(VI)(0.9g., 12%). 


Compound V separated from ether as colorless crystals, m.p. 
4344"; it had previously been described as an oil (7). 


And-Calcd. for CllHL4N2: C, 75.8; H, 8.1; N, 16.1. Found: 
C,75.8;H,8.1;N,16.2. 


The nitrone VI had m.p. 75-76" after recrystallization from ether 
or hexane, and vacuum drying. 


Anul.--Calcd. for C11Hi4N20: C, 69.5; H, 7.4; N, 14.7. Found: 
C, 69.3; H, 7.4; N, 14.6. 


IR (KBr) 3400 cm.-l [the band at 3660 cm.-l reported by Castag- 
noli et al. (7) was not observed]. 


I-Hydroxy-2,2-diniethyl-5-(3-gyridyf)pyrrolidine ( VIII)-A sus- 
pension of LAH (200 mg.) in dry ether (50 ml.) was added gradually 
over a period of 15 min. to a warm stirred solution of VI (0.5 g., 
2.6mmoles) in dry ether (150 ml.) and the mixture was refluxed for 18 
hr. After dropwise decomposition with water, the ether layer was 
dried (MgS04) and evaporated in vacuum. VIII (0.3 g., 62%) 
crystallized from ether, m.p. 127-128". IR (KBr) 3170 cm.-1; the 
band at 3580 cm.-l (7) was not observed. 


And-Calcd. for CiiHinN20: C, 68.7; H, 8.4; N, 14.6. Found: 
C,68.6;H,8.5;N,14.3. 
2,2-Dimethyl-5-(3-pyridyf)pyrrolidine (14-A solution of V (3 


g.) in absolute ethanol (30 ml.) was hydrogenated at 3.82 kg./cm.2 
with 1.5 g. of 10% Pd-C for 7 hr. Standard workup gave a residual 
oil which was converted to its dihydrochloride in ether. The salt 
was recrystallized from ethanol-ether, m.p. 135-137". Drying over 
P205 raised the m.p. to 210-212". 


And-Calcd. for CllHlnN2.2HC1.HzO: C, 49.4; H, 7.5; N, 
10.5. Found: C, 49.6; H, 7.3; N, 10.4. 


Reconversion of the dihydrochloride to the base with sodium 
carbonate solution and ether extraction gave a clear liquid. The 
yellow dipicrate, formed in and recrystallized from ethanol, had 
m.p. 185-186". 


A~ial.-Calcd. for Ct3HZ2NbOl4: C, 43.5; H, 3.5; N, 17.7. Found: 
C,43.7; H, 3.3; N, 17.5. 
2,2-Dimethyl-l-n-propyl-5-(3-pyridyl)pyrrolidine (VIIFA mix- 


ture of I1 (1.5 g.), propionic acid (2.5 ml.), and propionic anhydride 
(2.5 ml.) was refluxed for 1 hr. and then cooled and poured into ice 
water. The solution was made strongly basic with 50% KOH 
solution, extracted with ether, and the extract was dried (MgS04) 
and evaporated. The crude 2,2-dimethyl-l-propionyl-5-(3-pyridyl)- 
pyrrolidine (1.4 g.), dissolved in dry ether (30 ml.), was added to 
LAH (0.5 g.) in dry ether (25 ml.) with stirring. After refluxing for 
4 hr. the mixture was worked up [water (1.5 ml.), 10% NaOH 
(1.5 ml.), water ( 5  ml.), ether extraction, drying (MgS04), evapora- 
tion]. Yield of clear oil VII was 1.2 g. The dihydrochloride, prepared 
in dry ether, was recrystallized from ethanol-ether, m.p. 2455247". 
NMR (DzO) 6 0.78 (t, 3, CHI of propyl), 1.3 (m, 2, CHZ of propyl), 
1.52 (s, 3, CHI), 1.66 (s, 3, CH3), 2.6 (m, 4, protons at  C-3 and C-4 
of pyrrolidine), 3.2 (m, 2, N-CHz-), 5.07 (q, 1, proton at C-2), 
8.1-9.15 (4, pyridinium salt pattern). 


And-Calcd. for C14HzzN2.2HC1: C, 57.7; H, 8.3; N, 9.6. 
Found: C,  57.4; H, 8.1 ; N, 9.4. 


The yellow dipicrate was obtained in and recrystallized from 
ethanol, m.p. 205-206". 


And-Calcd. for C26H28N8014: C, 46.2; H, 4.1; N, 16.6. Found: 
C,46.3; H,4.2; N, 16.4. 
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Synthesis of Sugar Moiety Substituted Nucleosides I: 
9-[ 3-0- (n-Hexyl) -a, @~-xylofuranosyl]adenine and 
9-[ 3-0- (n-Hexyl) -5-deoxy-a,~-~-xy~ofuranosy~] adenine 


DANIEL H. MURRAY and JOHN PROKOP 


Abstract Isopropylidene-D-xylose was coverted uia the 5-trityl 
compound to a 3-O-(n-hexyl) derivative. Following detritylation, 
benzoylation, and acetolysis, condensation with chloromercuri-6- 
benzarnidopuriiie in the presence of titanium tetrachloride gave a 
crude nucleoside mixture. After deacylation, the mixture of ano- 
meric nucleosides was resolved on ion-exchange resin (Bio-Rad 
AGI) to give 9-[3-O-(n-hexyl)-~-~-xylofuranosyl]adenine and 
9-[3-0-(n-hexyl)-~-~-xylofuranosyl]adenine. Similarly, isopropyl- 
idene-5-deoxy-~-xylose was converted to a 3-O-(n-hexyl) deriva- 
tive. Acetolysis and condensation with chloromercuri-6-benz- 
amidopurine followed by deacylation and resolution on ion-ex- 
change resin led to isolation of 9-[3-0-(n-hexyl)-5-deoxy-~~-~- 
xylofuranosyl]adenine and 9-[3-0-(n-hexyl)-5-deoxy-f1-~-xylofur- 
anosylladenine. 


Keyphrases Nucleosides, sugar moiety substituted-synthesis, 
isolation, separation 0 3-O-(n-Hexyl)adenine derivatives-syn- 
thesis, isolation Column chromatography-separation 
IR-identification UV spectrophotometry-identification 0 
Polarimetry-identification 


In a continuing series of investigations, the authors 
have been exploring the structural features of the sugar 
moiety of adenine nucleosides required for interaction 
with the enzyme adenosine deaminase and/or inhibition 
of whole cells (1, 2). Other groups as well have devoted 
considerable attention to  this area of study, particularly 
the laboratories of LePage (3), Schaeffer (4), and Bloch 
( 5 ) ,  among others. Compositely, the results of many 
studies such as those cited suggest that the 3’-hydroxyl 
group is usually not an important participant in an 
interaction with enzymes by which an adenine nucleo- 
side may function as an inhibitor rather than as a sub- 
s tra te . 


Recently, Baker (6) has collated many examples of 
the application of a principle he enunciated earlier (7): 
that a group which is found not to  be important in inter- 
action with an enzyme may be an ideal candidate for 
further modification with even quite bulky groups, 


including those which may react covalently with an 
enzyme to yield an active site directed, irreversible in- 
hibitor. Both Baker (8) and Schaeffer (9) have now pre- 
pared a number of such irreversible inhibitors. 


To  date there seems not to  have been any attempt to 
apply the implications of the Baker principle to “unim- 
portant” groups on the sugar moiety of nucleosides. 
As noted, the 3’-hydroxyl would appear to  be such a 
group. The present and following reports describe 
the syntheses of a number of 3‘4-substituted nucleo- 
sides whose availability will allow a beginning to  be made 
in assessing the practicality of designing an active site 
directed, irreversible inhibitor of a sugar moiety 
substituted type. 


Initially, the n-hexyl substituent was selected since not 
only could it serve as the carrier of an alkylating func- 
tion, but of itself might enhance binding of the nucleo- 
side through interaction with potentially accessible 
hydrophobic regions on susceptible enzymes. That such 
a hydrophobic region exists on adenosine deaminase has 
been demonstrated by Schaeffer and Vogel with a 
series of 9-alkyl substituted adenines (10). Xylofurano- 
syladenine (3c) and 5 ’-deoxyxylofuranosyladenine (1 l), 
both of which show affinity toward adenosine deami- 
nase, were slected as candidates for 3 ’-0-substitution. 
The present paper, therefore, reports the syntheses of the 
3 ‘-0-(rz-hexyl) derivatives of these two nucleosides. 


PROCEDURES 


Etherification of 1,2-O-isopropylidene-5-O-triphenyImethyl-~- 
xylofuranose (12) (I, Scheme I) with 1-chlorohexane in the presence 
of potassium hydroxide gave the 3-O-(n-hexyl) derivative (11) as a 
noncrystallizing syrup in quantitative yield. Attempts to remove the 
trityl group by hydrogenolysis over palladium black or palladium- 
on-charcoal were unsuccessful. This group, however, was readily 
removed in good yield when 11 was refluxed in an aqueous ethanolic 
solution of acetic acid. The resulting distillable syrup (111) was con- 
taminated with 8 of triphenylcarbinol which could be removed by 
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Molecular Orbital 
Comparison With 


LEMONT B. KIER 


Conformation of Oxotremorine and a 
the Muscarinic Pattern 


Abstract 0 The conformational preference of oxotremorine has 
been calculated using extended Huckel molecular orbital theory. 
The molecule was found to be comparatively free in regard to the 
relationship of the two rings and the rotation of the lactone ring. 
The energy-permitted stereochemistry allows the quaternary 
nitrogen, the triple bond, and the carbonyl oxygen to assume the 
same relationship as previously calculated for the muscarinic 
pharmacophore, if the triple bond in oxotremorine is assumed to 
mimic the electronic character of the ether oxygen in the muscarinics. 


Keyphrases Oxotremorine-molecular orbital conformation 
Molecular orbital conformation, oxotremorine-muscarinic activ- 
ity IJ Conformational molecular preference-oxotremorine 


A current hypothesis on the peripheral and central 
actions of tremorine (I) and its metabolite oxotremorine 
(11) (Scheme I) is that the latter molecule is a muscarinic 


( _'. C N  


U 
( I )  tremorine (11) oxotremorine 


Scheme I 


agonist. The peripheral action of oxotremorine, studied 
by Cho et al. (1) leaves little doubt that this compound 
is a peripheral muscarinic agent equal in potency to 
acetylcholine. The effects can be blocked by pretreat- 
ment with anticholinergic drugs like methanthelinium 
or atropine bromides. In animals so pretreated, a 
tremor, ataxia, and spasticity still persist. Atropine 
sulfate blocks these effects and so it is presumed that 
the tremor effect is due to activation of muscarinic 
receptors in the central nervous system (2). 


Studies by Lundgren and Malmberg (3) suggest that 
oxotremorine-induced tremors are not due to direct 
action in the CNS, but are due to the ability of the drug 
to induce an increased biosynthesis of acetylcholine in 
the CNS. Oxotremorine, however, fails to stimulate 
in vitro systems containing choline acetylase. It has 
been observed that there is a rise in acetylcholine level 
which roughly parallels the oxotremorine-induced 


Figure I-Proposed steric relationship of essential features in oxo- 
fremorine and muscarine (6). 
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ANGLE OF PYRROLIDINE RING TO C-C 


Figure 2-Calculated relationship of pyrrolidine ring and triple bond 
in oxotremorine. 


tremor duration. Recent detailed studies by Cox and 
Potkanjak (4) on this comparative time course show a 
lack of parallel behavior between tremor manifestation 
and acetylcholine increase. 


Since oxotremorine may be a CNS muscarinic 
agonist, it is of interest to contemplate how the structure 
of this molecule compares with known muscarinic 
agents. Cho et al. (1) have commented on the structural 
dissimilarity of oxotremorine to known muscarinic 
agents and suggested that oxotremorine was highly 
active owing to a process at the receptor related to 
Koshland's ( 5 )  induced-fit theory. However, Bebbing- 
ton ef at. (6) have compared molecular models of oxo- 
tremorine with muscarine and noted that the two could 
conceivably assume a common geometry, in which the 
same pattern of charged atoms would prevail. This 
required the invoking of the acetylenic bond as a nega- 
tive site of binding in the oxotremorine molecule, 
mimicking the ether oxygen in muscarine. A plausible 
explanation for the possible direct receptor action of 
oxotremorine then centers on the ability of the molecule 
to assume a favorable conformation, mimicking the 
muscarinic pharmacophore, Fig. 1. 


In a previous study, the author calculated the con- 
formations of three potent muscarinic agents using a 
molecular orbital theory in which overlap integrals 
and nonbonded interactions are treated for all valence 
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ANGLE OF TWO RINGS TO EACH OTHER 


Figure 3-Calculated relationship of the two rings in oxoiremorine. 


electrons (7). The method, known as extended Hiickel 
theory, generates a total energy as a function of geom- 
etry; hence, conformation preference can be assessed 
by energy minimization (8). A common pattern of 
charged atoms or groups was calculated for acetyl- 
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ANGLE C=O TO C - 0  


Figure 4-Calculated relationship of rhe lactone ring and the triple 
bond in oxotremorine. 


Figure 5-Calculaied energy-permitted relationship of essential 
features in oxotremorine. Shaded area shows region which oxygen 
atom may occupy relative to the other molecular features. 


choline, muscarine, and muscarone. The author has 
predicted that this pattern is a reasonable working 
model of the muscarinic pharmacophore. 


In the present study, the author undertook molecular 
orbital calculations on the oxotremorine molecule, to 
determine its preferred conformation and to  see whether 
a pattern of charged atoms or groups corresponded to 
the previously calculated muscarinic pharmacophore. 


EXPERIMENTAL 


The molecule was calculated as the protonated salt. Standard 
bond lengths and angles were used according to Pople and Gordon 
(9). The Coulomb integrals and Slater exponents were those pre- 
viously employed by Hoffmann (8) and the author (7). In comparing 
the energy versus geometry profiles, the preferred conformation was 
taken to be the geometry of lowest energy. All geometries within 
1 kcal. or less of this energy minimum were considered to be equally 
preferred. 


RESULTS AND DISCUSSION 


The results of the calculations show that the molecule can exist in 
a variety of preferred structures. The two rings exhibit considerable 
independence with respect to  their conformational preferences. 
When the distanFe between any two first-row atoms on opposite 
rings exceeds 4 A., the two rings are not influential in respect to 
their preferred conformations. We have justified the assumption 
that distant atoms do not influence conformation in a recent quan- 
tum mechanical discussion (10). This assumption has been used by 
others (11). 


The pyrrolidine ring is symmetrically disposed relative to the 
triple bond, Fig. 2. The two rings can assume any conformation 
except that which eclipses their methylene connecting groups, Fig. 
3. The lactone ring can assume two zones of conformational prefer- 
ence to within 60" of coplanarity with the acetylenic bond, Fig. 4. 
The distance separating the pyrrolidive protonated nitrogen from 
the center of the triple bond is 3.0 A. The distance between the 
carbonyl oxygen and the protonated nitrogen ranges from 4.3-7.2 


Figure &Calculated muscarinic pharmacophore based on conforma- 
tions calculated for acetylcholine, muscarine, and muscarone (7). 
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A., owing to the variation possible in conformational preference. 
The carbonyl oxygen distance from the center of the triple bond 
ranges from 3.1-4.2 A. 


An allowed pattern of atoms can thus be drawn for oxotremorine, 
Fig. 5.  This calculated energy-allowed pattern clearly mirrors the 
muscarinic pattern, previously proposed, Fig. 6. 


It can be concluded that oxotremorine can assume a muscarinic 
pharmacophore, within its structure, on the basis of theoretical 
calculations of its preferred conformations. Although conclusive 
pharmacological evidence that would brand oxotremorine as a 
central muscarinic agonist is still lacking, these studies implicate 
the feasibility of this mechanism. 


REFERENCES 


(I)  A. K. Cho, W. L. Haslett, and D. J. Jenden, J.  Pharmacol. 


(2) R. George, W. L. Haslett. and D. J. Jenden, Lve Sci., 2,  


(3) G. Lundgren and J. Malmberg, Biochem. Pharrnacol., 17, 


Exptl. Therap., 138,249(1962). 


361( 1962). 


205 1 (1968). 


(4) B. Cox and D. Potkanjak, Brit. J .  Pharmacol., 35, 295 


( 5 )  E. E. Koshland, in “The Enzymes,” Academic, New York, 


(6) A. Bebbington, R. W. Brimblecomb, and D. Shakeshaft, 


(7) L. B. Kier, Mol. Pharmacol., 3,487(1967). 
(8) R. Hoffmann, J. Cheni. Phys., 39,1397(1963). 
(9) J. A. Pople and M. Gordon, J .  Am. Cheni. SOC., 89, 4253 


(1969). 


N. Y . ,  1959. 


Adcan. Drug Res., 2,143(1965). 


(1967). 
(10) L. B. Kier,J. Med. Chem., 11,915(1968). 
(11) J .  A. Kapecki and J. E. Baldwin, J.  Am. Chem. Soc., 91, 


1120(1969). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 4, 1969 from the Biochemistry Dicisiou, Columbus 


Accepted for publication September 11, 1969. 
This research was supported by grant No. GM-16312 from the 


Laboratories, Battelle Memorial Institute, Columbus, OH 43201 


National Institutes of Health, Bethesda, Md. 


Antiradiation Compounds XIII: 
1-(Dithioacetic Acid)-Pyridinium Betaines 


WILLIAM 0. FOYE, YOUNG JA CHO, and KYUNG HEE OH 


Abstract 0 Active mono-S-alkyl esters prepared from I-(dithio- 
acetic acid)-pyridinium betaine (111) were found to be sufficiently 
stable for screening as radiation-protective agents, and e-withdraw- 
ing substituents in the pyridine ring gave stable betaines. Reaction 
of the methyl ester of 111 with phenacyl bromide and alkali resulted 
in S-alkylation to give a ketene mercaptal betaine (VIII). Both the 
allyl and p-nitrobenzyl esters of 1-(dithioacetic acid)-pyridinium 
halides were radiation-protective in mice, and betaines with sub- 
stituents in the pyridine ring were radiation-protective in a bacterial 
test. 


Keyphrases 0 Antiradiation compounds-synthesis I-(Dithio- 
acetic acid)-pyridinium betaines-synthesis 0 Pharmacological 
screening-antiradiation compounds 0 IR spectrophotometry- 
structure 


Amino and guanidino zwitterions containing the 
thiosulfate (I) ,  phosphorothioate (2), and trithiocar- 
bonate ( 3 )  groups, as well as other zwitterionic structures 
(4) which contain the P-mercaptoethylamine moiety 
have shown appreciable radiation-protective abilities in 
mice. a-Acetamidinium thiosulfate zwitterions (5) have 
also shown good radiation-protective properties. It 
appeared likely, therefore, that other zwitterions con- 
taining, or giving rise to, a thiolate anion should be 
radiation-protective. Dithioacetic acid pyridinium be- 
taines, obtained from the reaction of carbon disulfide 
and pyridinium ylids, appeared to have the necessary 
structural requirements for protective activity in a 
charged nitrogen and a thiolate anion, and were there- 
fore investigated for possible radiation-protective prop- 
erties. 


Pyridiniuni betaines are compounds, termed by 
Krohnke (6),  which contain a negatively charged carbon, 
oxygen, or sulfur adjacent to, or at  greater distance 
from, the positively charged nitrogen ; the term ylid is 
now generally used where the charges are on adjacent 
atoms. When phenacylpyridinium bromide is treated 
with alkali, a red solution of the ylid (I) results. Reaction 
with carbon disulfide gives the a-dithiocarboxylate 
zwitterion (11) which decomposes to the dithioacetic 
acid betaine (111) in methanolic alkali (6).  This com- 
pound, although unstable, can be isolated, and remains 
stable long enough for derivatives to be prepared. Con- 
version to  the active allyl and p-nitrobenzyl esters (IV) 
was carried out, and compounds of sufficient stability 
for antiradiation screening were obtained. 


C5H51kHzCOC6H5 Br- - C6H51%HCOC6H5 __f 


NaOH CSr 
I 


CHaOH 


I NaOH 
C5H&HCOC6H5 ---+ C5H5kCH2CSz- + C6H5COzCH3 


cs2- 
I1 111 


S 
Rx It 


C5Hs&CH2CS2- d C5H5kCH,CSR X- 
IV 


Reaction of the dithioacetic acid betaine (111) with 
bromoethylamine hydrobromide did not give the 
desired ester; also, no reaction with phenyl halides or 
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Books 


REVIEWS 


Methodenlehre der therapeutisch-klinischen Forschung. By P. MAR- 
TINI, G. OBERHOFFER, and E. WELTE. 4th ed. Springer-Verlag, 
New York, N. Y., 1968. viii + 495 pp. Price $37.00. (In German) 
The 4th, new, and completely revised edition of the original book 


of the late P. Martini is the legacy of this pioneer of exact clinical- 
therapeutic research. The three basic requirements for meaningful 
research are reliable clinical standards, the exclusion of secondary 
complicating factors, and the use of mathematical comparisons for 
the objective evaluation of clinical results. The discussion of these 
aspects is the thematic center of the book of Martini, Oberhoffer, 
and Welte. The large amount of scientific information is very well 
organized and clearly written. 


After an interesting historical review the fundamentals of clinical 
therapeutic research in the experimental phase and the unity of 
clinical and experimental research are discussed in Chapters 2 and 
3. In particular the causality and expediency of medical research and 
especially the common necessary suppositions in experiments are 
treated. In a special, very instructive chapter, important co-factors 
(“Mitursachen”) in therapeutic problems are described. In particu- 
lar the exclusion of these disturbing factors and the role of side ef- 
fects in clinical research are characterized. A large part of the book 
deals with the problems of statistics, data processing, and documen- 
tation. It is up-to-date and presented in such a way that it is easily 
understandable even for nonspecialized readers. The fundamental 
principles of statistics, the influence of variables on the mean value 
and deviation, data processing, and programming as applied in 
clinical research are presented. The largest part of the book is con- 
cerned with the special methodology of clinical-therapeutic re- 
search in selected diseases such as scarlet fever, diphtheria, malaria, 
hepatic and lung diseases, high blood pressure, heart insufficiency, 
kidney and gastric diseases, and many others. These discussions are 
particularly oriented toward the selection of reliable clinical 
standards and the application of mathematical comparisons. The 
influence of individual, collective, and psychological factors in 
some special organ diseases are also discussed. 


The appendix contains instructive statistical tables, computer pro- 
grams, and a detailed literature index and also a separate author 
register. This arrangement appears to be effective and useful. The 
copiously equipped book is recommended to everyone working in 
the field of’ medical research and data processing. 


Reuiewed by:  Joachim K. Seydel 
Department of Pharmaceutical Chemistry 
Forschungsinstitut Borstel 
Institut f i r  Experimentelle Biologie und Medizin 
Hamburg, West Germany H 


Aromatic Nucleophilic Substitution. By JOSEPH MILLER, in Reaction 
Mechanisms in Organic Chemistry, monograph 8. Edited by C. 
EABORN and N. B. CHAPMAN, Elsevier Publishing Co., 335 Jarvan 
Galenstraat, P.O. Box 21 1,  Amsterdam, The Netherlands, 1968. 
xi + 408 pp. 14.5 X 22 cm. Price $23.50. 
This monograph represents a comprehensive review and inter- 


pretation, both quantitative and qualitative, of a multiplicity of 
aromatic nucleophilic substitution reactions including S N ~ ,  activated 
S,v2 and benzyne mechanisms, charge-transfer and covalent com- 
plexes. These mechanisms as well as a brief summary of side reac- 
tions, kinetic evidence, and energetics of substitution reactions are 
introduced in Chapter 1 (26 pp.). Chapter 2 (1 1 pp.) considers the 
S N ~  mechanism in greater detail; Chapter 3 (18 pp.) similarly dis- 
cusses the benzyne or elimination-addition mechanism. The last 
Chapter 9 (23 pp.) considers less common aromatic SN reactions 
while Chapter 7 (73 pp.) summarizes and interprets results obtained 
when studying nucleophilic substitution in nonbenzenoid aromatic 
systems. Comparison is made between homo- and heterocyclic 
organic systems ; heterocyclic systems are desirably categorized as 
*-excessive and *-deficient. Considerations of inorganic and other 
nonbenzenoid aromatic systems (tropylium ions, quinones, etc.) 
conclude Chapter 7. 


While the entire monograph is well written, this reviewer found 
Chapter 4 (72 pp.) concerning substituent effects in aromatic SN re- 
actions to be presented in a particularly interesting and informative 
manner. Pan-activating substituents, which is a term introduced by 
the author to “denote a substituent which is able to activate electro- 
philic, nucleophilic and radical substitution in an aromatic ring to 
which it is attached,” are discussed along with a consideration of the 
effects of most functional groups on SN versus S E  reactions. Hammett 
and related treatments, Dewar’s proposal concerning the mode by 
which a substituent may affect a distant reaction center, the effect of 
0, p ,  m and two or more substituents on aromatic SN reactions are 
topics discussed in a complete and concise manner. Substituents are 
classified into eight groups dependent upon their chemical nature; 
the influence of each group of functions is comparatively discussed 
when they are bondedp, 0, and m to the leaving group. 


Chapter 5 (40 pp.) dealing with the leaving group, Chapter 6 
(30 pp.) concerning the nucleophile, and Chapter 8 (47 pp.), which 
considers the medium (solvent), catalytic and steric effects, are very 
informative and are of interest to synthetic as well as theoretical 
chemists. Subjects discussed in these chapters are treated quantita- 
tively and qualitatively in terms of aromatic SN* and ShT2 reactions. 
Chapter 8 also considers photo and metal ion catalysis. Experi- 
mental results, along with their interpretation, are presented in all 
chapters. The monograph is well referenced into 1967 and is not 
only of value to the practicing chemist, but to the student who is 
presently studying theoretical organic chemistry on a graduate 
level. 


Reviewed by Donald T. Witiak 
Division of Medicinal Chemistry 
College of Pharmacy 
The Ohio State University 
Columbus, OH 43210 H 


The Chemistry and Physics of High Energy Reactions. By ERNEST J. 
HENLEY and EVERETT R. JOHNSON. University Press, 641 1 Chillum 
Place, N.W., Washington, D.C., 1969. vi + 475 pp. 15 X 23 cm. 
Price $18.50. 
This volume is intended to provide a coherent textbook as an easy 


entree for the novice in the field of radiation chemistry. The material 
is presented in thirteen chapters in a high level, mathematical man- 
ner. Material is presented on units, radiation, radioactivity, and 
general nomenclature; interaction of radiation with matter; radia- 
tion sources; and radiation dosimetry. Other topics include radia- 
tion chemistry of gases, solids, water, and aqueous systems, as well 
as the effects of radiation on liquid hydrocarbons, polymers, and 
radiation-induced polymerizations. 


Throughout the book the authors insert numerous example prob- 
lems which are very useful for the comprehension of concepts. Also 
included are a multitude of tables and figures containing significant 
data. The text is broad in scope, rather cursory on certain topics, but 
provides excellent in-depth information on many areas of radiation 
chemistry. Although it is the stated intent of the authors to limit ref- 
erences, additional citations in areas discussed briefly would be 
helpful to the reader. 


In summary, this book is a complete, well-prepared text which is 
most valuable as a reference or textbook for the radiation chemist 
and as a reference for the radiobiologist. 


Reviewed by Stanley M. Shaw 
School of Pharmacy 


Purdue Uniwrsity 
Lafayette, IN 47907 H 


and Pharmacai Sciences 


Pharmaceutics-Galenical Pharmacy. By ERIK SANDELL, translated 
from Swedish by R. PAMELA ZACHARIAS. 364 pp. 16 X 23 cm. 
May be obtained by payment through international money order 
addressed to E. Sandell, postal giro account number 15 84 49, 
Postgirokontaret, Stockholm 1, Sweden. 
Professor Sandell intends to present a “basic course in Pharma- 


ceutics and Galenical Pharmacy and . . . to direct more specialized 
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It is now apparent that there exist specialized transport mech- 
anisms for riboflavin, other water-soluble vitamins, and certain 
amino acids and sugars for renal tubular reabsorption as well as 
intestinal absorption (3, 7, 23, 24). Both mechanisms are easily 
saturable. The specialized renal tubular reabsorption process helps 
to prevent a possible depletion of body levels of these essential 
nutrients. On the other hand, saturability of transport of nutrients 
across the small intestine sets an upper limit on the amount of these 
substances which can be absorbed. 
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Distribution, Excretion, and Metabolism 
of “C-Labeled Quaternary Ammonium Salt 
of Mepazine and Promethazine in Rats 


C. L. HUANG, J. A. YEH, and S. Y. HSU 


Abstract 0 Studies on the biological fate and antimicrobial activity 
of mepazine and promethazine methiodide are presented. Synthesis 
of I4C-methiodide and estimation of the unchanged compound in 
biological materials are described. After intraperitoneal admin- 
istration, the majority of these compounds was excreted in feces. 
The radioactivity in the liver and kidneys prevailed over other 
organs. Blood levels were low but above the significant level in 
both compounds. Brain level of promethazine methiodide-14C was 
detectable but that of mepazine methiodide-14C was insignificant. 
These compounds displayed a significant antimicrobial activity. 


Keyphrases 0 Mepazine and promethazine 14C-methiodides-syn- 
thesis 0 Biological fate-mepazine and promethazine 14C-methio- 
dides 0 UV spectrophotometry-identity 0 Paper chromatog- 
raphy-separation 0 Radiochromatography-purity determina- 
tion 


Mepazine and promethazine are derivatives of pheno- 
thiazine but they display quite a different mode of ac- 
tion. Pharmacologically, mepazine is less potent than 
chlorpromazine (1-5). The drug possesses a neuroleptic 


effect similar to that of chlorpromazine (6-8); however, 
mepazine is not a drug of choice for the treatment of 
psychoses because of the high incidences of side effects 
such as agranulocytosis, seizures, depression of bone 
marrow, and jaundice. Promethazine (9, 10) finds its use 
mainly as a potent antihistaminic drug with a prolonged 
duration of action and as a drug for motion sickness. 
The difference in the pharmacological activities between 
these two drugs appears to be attributable to the effect of 
the side chains attached to  the nitrogen of the phenothi- 
azine ring system. All psychoactive phenothiazine deriva- 
tives possess a three-carbon bridge between the terminal 
and the ring nitrogen, while the presence of a two-carbon 
bridge between the two nitrogens appears to enhance the 
antihistaminic effect but diminishes the psychoactive 
properties of phenothiazine derivatives. 


Quaternization of a side-chain nitrogen does not seem 
to  decrease the toxicity of phenothiazine neuroleptics 
(11, 12). In many cases, toxicity appears to beenhanced. 
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A comparison was made on the distribution, excre- 
tion, and metabolism of 35S-labeled promethazine and a 
quaternary phenothiazine compound (Aprobit) [l-( 10- 
phenothiazinylmethy1)ethyl - 2 - hydroxyethyldimethyl- 
ammonium chloride] on mice (13). Fecal excretion was 
found to be the major route of elimination of the qua- 
ternary phenothiazine compound after oral administra- 
tion, but the drug was excreted mainly unchanged in 
urine after parenteral administration. Contrary to this 
report, the majority of the parenterally administered 
promethazine methiodide was found in the feces. 


This study was undertaken to investigate the tissue 
distribution and excretion pattern in rats and anti- 
microbial activity of mepazine methiodide- I4C and 
promethazine methiodide-I4C. Brain level was low but 
above the significant level, which indicated a relatively 
low blood-brain barrier for these compounds. Biliary 
excretion was revealed to be the major route of elimina- 
tion of these compounds. These data tend to confirm the 
belief that the affinity of molecules for the liver cell and 
consequently the metabolic mechanism of the liver are 
the decisive factors which determine the biological fate 
of a compound in uiuo. 


METHOD' 


Synthesis of Mepazine Methiodide (MPZ-MEI) and Prometha- 
zine Methiodide (PMZ-ME1)-Mepazine hydrochloride (0.5 g.) was 
dissolved in water, and the solution was adjusted to pH 10 by adding 
sodium hydroxide solution. The oily precipitate which occurred 
was extracted several times with chloroform; the combined chloro- 
form extracts were evaporated in uacuo to yield 0.46 g. of a viscous 
oil. The free mepazine base thus obtained was dissolved in 50 ml. of 
acetone, and 0.5 ml. of methyl iodide was added. The mixture was 
left standing for 15 min. Crystals, which appeared in the container, 
were collected and recrystallized from methanol to yield 0.56 g. 
(82%) ofthe product with m.p. 12&122"; A,,,. 251 and 255 mp. 


Anal.-Calcd. for C20H251N~S: C, 53.09; H, 5.53; N, 6.19; I, 28.03; 
S, 7.08. Found: C, 53.21; H, 5.45; I, 27.92; N, 5.99; S, 7.06. 


Similarly, promethazine hydrochloride (0.5 8.) was dissolved in 
water, adjusted to pH 10, and extracted several times with ether. The 
combined ether extracts were evaporated in uacuo to yield 0.45 g. of 
an oil. The free base of promethazine was dissolved in 20 ml. of 
acetone, and 0.3 ml. of methyl iodide in 5 ml. of acetone was added. 
The mixture was shaken occasionally for 20 min. Then ether was 
added to the mixture to precipitate the product. The crude product 
was recrystallized from methanol to yield 0.57 g. (85%) of the qua- 
ternary ammonium salt with m.p. 224-225'; X,,,. 208 and 252 mp. 


And-Calcd. for C18H231N2S: C, 50.70; H, 5.40; N, 6.57; S, 7.51. 
Found: C,  50.80; H, 5.51; N, 6.68; S, 7.58. 


Synthesis of Mepazine Methiodide-14C (MPZ-MEIJ4C) and 
Promethazine Methiodide-14C (PMZ-MEIJ*C)-The synthesis of 
14C-labeled quaternary ammonium salt of mepazine and pro- 
methazine is shown in Scheme I. The free base of mepazine (0.1 
9.) obtained as described was dissolved in 5 ml. of acetone, and 14C- 
methyl iodide (0.25 mc., 8.5 X mmole) in 10 ml. of acetone was 
added. After 15 min., 0.1 g. of unlabeled methyl iodide was added as a 
carrier. The mixture was shaken for 15 min. and cooled for 10 min. 
Crystals which appeared in the mixture were collected and recrystal- 
lized from methanol. The product, MPZ-MEI-14C (0.11 g., 82%), 
had a melting point of 12&122" and specific activity of 0.46 pc./mg. 


1 Melting points were taken on a Fisher-Johns apparatus and were 
corrected. UV absorption spectra were recorded in a Perkin-Elmer 
model 202 spectrophotometer. Paper chromatograms were developed by 
an ascending technique in a solvent system, n-butanol-ethanol-water 
(5 :2 :2). Radiochromatograms were scanned in a radiochromatogram 
scanner, Actigraph I11 (Nuclear-Chicago). Albino rats were, obtained 
from Southern Animal Farms, Prattville, Ala. Radioactivity in the 
tissues was recorded in a G-M counter (Tracerlab, model TGC-2). 


acetone 


I I 
kH2 
1 


ci N-CH, 
mepazine 


mepazine methiodide-"C 


I 
CH., 


H-C-CH,, 
1 -  
I 


I 
CH., 


H-C-CH,; 
1 -  
I 


Scheme I-Synthesis of mepazine methiodide- 4C und promethuzitrr 
methiodide-lT 


Mixed melting point with an authentic specimen of mepazine methio- 
dide did not show depression (12&122"). 


In the same manner, 0.1 g. of the promethazine base obtained as 
described was dissolved in 5 ml. of acetone, and 14C-methyl iodide 
(0.25 mc., 8.5 X mmole) in 10 ml. of acetone was added. The 
mixture was shaken for 30 min. and 0.1 g. of unlabeled methyl iodide 
was added. Then ether was added to the mixture to precipitate the 
product. The precipitate was collected and recrystallized from 
ethanol to give 0.12 g. (86$) of the final product, PMZ-MEI-14C, 
with a melting point of 224-225 O and specific activity of 0.12 pc./mg. 
The physical properties of this compound were found to be identical 
with those of authentic promethazine methiodide. 


The radiochemical purity of both MPZ-MEI-14C and PMZ- 
MEI-14C was checked by chromatography coupled with a radio- 
chromatogram scanner, Actigraph 111. The chromatograms of these 
compounds showed only one spot with matching R, values (MPZ- 
MEI, 0.76; PMZMEI, 0.76) and color reactions (MPZ-MEI, pink; 
PMZ-MEI, purple with 50% sulfuric acid) with the respective parent 
compound; therefore, both methiodide derivatives were considered 
to be radiochemically pure. 


Tissue-Distribution Studies-For the tissue-distribution studies, 
each of the preparations (3 mg. of MPZ-ME1-l4C and 10 mg. 
of PMZ-MEI-14C) was suspended in sesame oil (1 ml.) and admin- 
istered intraperitoneally to three rats weighing 250-300 g. The 
animals were sacrificed at various time intervals of 0.5, 1,2,4, and 8 
hr. after injection. The liver, kidneys, spleen, heart, lungs, stomach, 
intestines, muscle, bone, blood, and brain were isolated, rinsed with 
normal saline solution and briefly dried, and the weights were re- 
corded. A portion of each organ (1 g.) was weighed out, homoge- 
nized (except blood and bone) with 5 ml. of ethanol, and centri- 
fuged. This process was repeated three times and the ethanol 
extracts were combined. An aliquot (2 ml.) was measured in a 
planchet and dried, and the activity was recorded. The activity re- 
maining in the residue after the methanol extraction was also re- 
corded. An aliquot of blood specimen was measured and dried 
directly in a planchet, and a portion of the bone (femur, dried at 
250" for 2 hr. and ground to a powder) was placed in a planchet to 
record the activity. All activity recordings were carried out at a 
constant geometry and corrections were made for the self-absorp- 
tion. Recoveries of 0.3-0.9 mcg. of added MPZ-MEI-14C and 
PMZ-ME1-l4C from tissues were 91 f 4 and 90 f 5%, respec- 
tively. 


Excretion Studies-For the excretion studies, a suspension of 
MPZ-MEI-14C (10 mg./kg.) and PMZ-ME1-l4C (25 mg./kg.) in 
sesame oil was administered intraperitoneally to six rats weighing 
280-310 g. The animals were maintained in metabolic cages and 
were given food and water ad libitum. Urine and feces specimens 
were collected every 12 hr. for the MPZ-MEI-l'C group and every 8 
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Table I-Radioactivity" Recovered from Urine and Feces of 
Rats after Intraperitoneal Administration of Mepazine 
MethiodideJ4C 


Time, 
hr . Urine, 


% 
Feces, 


% 


12 9.60 f 1.60 No snecirnen 
24 
36 
48 


-c---- - - - -  . -  
6.00 f 0.60 
3.75 f 0.05 
1.60 f 0.10 


18.20 rfr 1.50 
15.90 f 0.50 
16.65 f 1.25 


60 0.95 f 0.25 6.25 f 0.05 
72 0.83 f 0.25 0.50 rfr 0.20 
84 1.15 f 1.05 2.20 * 2.00 
96 0.15 If 0.05 0.20 i 0.01 


Mean percent of the administered activity f standard error. 


hr. for the PMZ-MEI-l4C group of animals. An aliquot (1 ml.) of 
urine specimens was measured in a planchet and dried, and the 
activity was recorded in a G-M counter. Feces were powdered and 
dried. A fraction (1 8.) of the specimen was weighed out and ex- 
tracted three times with 2-ml. portions of methanol. The combined 
methanol extracts were evaporated to dryness and the activity of the 
residue measured. 


Metabolic Studies-Two groups of rats (five rats in each group) 
were administered intraperitoneally with 1 g. each of MPZ-MEI-l*C 
and PMZ-MEI-I4C, respectively. Pooled urine (20 ml.) from each 
group of animals was condensed to about 2 ml. An aliquot of 0.5 rnl. 
wasplaced on Whatman 3 MM paper,and thechromatogram wasde- 
veloped by ascending technique (14) in the solvent system previously 
mentioned. The chromatogram was scanned in a radiochromato- 
gram scanner, Actigraph 111 (Nuclear-Chicago), and then sprayed 
with 50 % sulfuric acid to detect nonradioactive metabolites. 


Feces collected over a 5-day period from both groups of animals 
were powdered and extracted successively with ether and methanol 
in a continuous extraction apparatus. Fatty substances in ether ex- 
tracts that did not have radioactivity or color reaction with 50% 
sulfuric acid were discarded. The methanol extracts were combined 
and reduced to about 1 ml. in uacuo. An aliquot of 0.5 ml. was 
chromatographed and treated as described for the urine specimens. 


RESULTS 


During the 5-day period. the MPZ-MEI-lPC group of rats ex- 
creted a total of about 82% of the administered radioactivity with 
24% in the urine and 58 % in the feces (Table I). In the PMZ-MEI- 
14C group of rats, fecal excretion accounted for about 59% and 
urinary excretion represented 12 % of the administered activity 
(Table 11). In all cases, nearly 70% of the recovered activity in the 
urine was excreted in the first 24-hr. period. Feces specimens could 
not be obtained until after the first 24 hr. from the mepazine group 
and after 40 hr. for the promethazine group of rats. The recordings 
of the radiochromatogram scanner indicated only one peak on the 
chromatograms of the urine specimen from both MPZ-MEI-I4C and 
PMZ-MEI-14C groups of animals; however, 50 % sulfuric acid spray 
revealed two spots (R, 0.76 and 0.65) on the chromatogram of 


Table 11-Radioactivity" Recovered from Urine and Feces of 
Rats after Intraperitoneal Administration of Promethazine 
Methiodide-14C 


Time, Urine, Feces, 
hr . z % 


8 
16 
24 
32 
40 
48 
56 
64 
72 
80 


6.42 f 1.90 
1.66 f 0.09 
0.97 + 0.37 
0.71 =k 0.01 
0.48 f 0.04 
0.49 f 0.12  
0 . 3  2 0.oi 
0.32 f 0.10 
0.41 =k 0.04 
0.23 + 0.01 


36.14 X!Z 1.98 
i2.52 =t 3.18 
6.78 f 0.79 
1.47 f 0.54 
1.21 rfr 0.89 
0.83 f 0.16 


0 Mean percent of the administered activity f standard error. b No 
specimen was obtained. 


Table 111-Distribution of Radiozctivity" in Tissues of the Rat 
after Intraperitoneal Administration of Mepazine Methiodide-14C 


7- Time, hr. . 
Organs 0 . 5  1 2 4 8 


Blood 0.15* 0.60 0.92 0.24 0.10 
Bone (femur) 0.41 0.53 0.64 1.23 2.00 
Brain 
Heart 0.04 0.04 0.15 0.41 0.02 
Intestines 


- -c - - - 


including 
contents 4.82 10.13 14.01 7.20 7.92 


Kidnevs 7.20 8.03 1.21 1.02 0.28 
Liver 12.83 10.74 6.50 6.83 7.04 
Lungs 0.12 0 36 0 32 0 46 0 08 
Muscle 5 25 4 16 2 05 1 17 0 66 
Stomach 


including 
contents 0.24 0.21 0.28 0.30 0.28 


- 3.60 4.53 Urined -e - 


Abdominal 
washings 8.25 2.23 0.70 0.38 0.24 


a Including activities of free and bound materials. b Percent of the 
administered activity. c Insignificant radioactivity. d Collected from 
bladder. e No specimen obtained. 


MPZ-MEI-14C urine. The spot with R f  0.76, which appeared to be 
the major metabolite, was identified to be the unchanged MPZ- 
MEI-14C. The second spot with Rf 0.65, which represented only a 
small portion of the urinary metabolites, was tentatively identified to 
be the N-demethylated mepazine. The chromatogram of the PMZ- 
MEI-14C urine exhibited only one spot ( R J  0.76) after 50% sulfuric 
acid spray. This spot corresponded to the recorded peak on the 
radiochromatogram scanner. In contrast to the finding of Hansson 
and Schmitterlow (13) on the hydroxyethyl chloride salt of prometha- 
zine in mice, fecal excretion was the major route of elimination of 
both quaternary ammonium salts of mepazine and promethazine in 
the rats. This difference in the route of excretion appears to be due to 
the different types of quaternary onium derivative and species of ani- 
mals used in these studies. This type of excretion was similar to that 
recorded with trifluoperazine methiodide-I4C (15). 


For the activity recording, organs were homogenized and ex- 
tracted with methanol. Approximately 90% of the activity was ex- 
tracted in methanol; however, about 10% of the activity appeared to 
be bound to the protein and was not extracted in methanol. 


In the MPZ-MEI-14C group, the radioactivity in the liver and 
kidneys was found to prevail over other organs 0.5 hr. after the 
administration (Table 111). Biliary excretion took place rapidly, 
which was reflected by a sharp rise in the intestinal level after 1 hr. 


Table IV-Distribution of Radioactivity" in Tissues of the Rat 
after Intraperitoneal Administration of Promethazine 
Methiodide-"C 


Time, hr.- 7-- 


Organs 0 .5  1 2 4 8 


Blood 0.47* 0.68 0.45 0.05 <0.01 
Bone(femur) 3.43 1.61 0.27 1.17 0.39 
Brain 0.01 0.02 0.03 0.02 
Heart 0.07 0.03 0.03 0.02 0.02 
Intestines 


including 
contents 4.68 8.91 18.06 10.76 


Kidneys 5.65 3.92 1.74 0.74 
Liver 20.19 5.75 9.33 1.80 
Lungs 0.10 0.14 0.09 0.10 
Muscle 2.52 0.68 0.06 0.45 
Spleen 0.46 0.19 1.05 0.03 
Stomach 


including 
contents 0.26 0.28 0.61 0.02 


5.19 Urinec -d - - 
Abdominal 


washings 7.76 1.19 0.67 0.41 


5.44 
0.08 
0.14 
0.03 
0.34 
0.01 


0.08 
54.30 


0.25 
~~ 


a Including activities of free and bound materials. b Percent of the 
administered activity. c Collected from bladder. d No specimen ob- 
tained. 
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In the case of PMZ-MEI-14C, the activity in the kidneys was the 
highest after 1 hr. (Table IV). Then the activity in the intestines of 
both MPZ-MEI-14C and PMZ-ME1-l4Cgroupsreacheditspeakat 2 
and 4 hr. The rapid rate of absorption of these compounds from the 
injected site was indicated by a rapid decrease of the activity re- 
covered in the abdominal washings. 


Blood levels were low but above the detectable level in both 
groups of animals (Tables 111 and IV). The brain level of PMZ- 
MEI-14C became detectable 1 hr. after the administration, but that 
of MPZ-MEI- 14C was below the significant level throughout the 
entire period of the experiment. MPZ-MEI-14C appeared to have a 
particular affinity for the bone; activity in the bone started to in- 
crease at 0.5 hr. after the administration and reached its peak after 8 
hr. (Table 111). Since the bone represents an average of 45 of the 
total body weight of rats, the total activity accumulated in the bone 
was higher than in most organs except the intestines and liver at 8 hr. 
A similar finding was recorded with PMZ-MEI-14C, except that the 
peak level in the bone was reached at 0.5 hr. In the MPZ-MEI-14C 
group, the liver and muscle levels showed a peak at 0.5 hr. and de- 
clined rapidly thereafter. Other organs followed a similar pattern, 
except bone in which the activity continued to accumulate until a 
peak level was reached at 8 hr. (Table 111). 


The LDSo of MPZ-MEI-14C and of PMZ-MEI-14C on mice was 
75 mg./kg. and 95 mg./kg., respectively, which are higher than that 
of the corresponding parent compounds, mepazine (1 15 mg./kg.) 
and promethazine (130 mg./kg.). These compounds displayed a 
comparable antimicrobial activity to that of trifluoperazine methi- 
odide on Escherichiu coii and Staphylococcus uureus at a concentra- 
tion of I mcg./ml. 


CONCLUSION 


The intraperitoneally administered quaternary ammonium salts of 
both mepazine and promethazine were well absorbed by the rats. 
The majority of the drugs was accumulated in the liver and excreted 
in the intestines (Tables III and IV). Peak blood level was observed at 
2 hr. for MPZ-MEI-14C and at 1 hr. for PMZ-MEI-14C. Both com- 
pounds showed the highest activity in the intestines 2 hr. after the 
administration. MPZ-MEI-14C seemed to have a particular affinity 
for bones; the activity in the bone of rats started to accumulate at 
0.5 hr. and reached its peak level at 8 hr. The total activity in the 
bone was higher than in most organs except the liver and intestines. 
The brain level of PMZ-MEI-l4C was above the detectable level at 1 
hr. 


Urinary excretion of the two compounds was fairly rapid; nearly 
70% of the recorded activity in urine was excreted in the first 24-hr. 


period. Fecal excretion was the major route of the metabolism of 
these compounds; 58% of the activity of MPZ-MEI-I4C and 59 of 
PMZ-MEI-14C were recovered during the 5-day period. The dis- 
crepancy between the results obtained in this study and those of 
Hansson and Schmitterlow (13) is evidently due to the different 
quaternary onium derivatives and species of animals used in these 
studies. 
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Synthesis of Sugar Moiety Substituted Nucleosides I: 
9-[ 3-0- (n-Hexyl) -a, @~-xylofuranosyl]adenine and 
9-[ 3-0- (n-Hexyl) -5-deoxy-a,~-~-xy~ofuranosy~] adenine 


DANIEL H. MURRAY and JOHN PROKOP 


Abstract Isopropylidene-D-xylose was coverted uia the 5-trityl 
compound to a 3-O-(n-hexyl) derivative. Following detritylation, 
benzoylation, and acetolysis, condensation with chloromercuri-6- 
benzarnidopuriiie in the presence of titanium tetrachloride gave a 
crude nucleoside mixture. After deacylation, the mixture of ano- 
meric nucleosides was resolved on ion-exchange resin (Bio-Rad 
AGI) to give 9-[3-O-(n-hexyl)-~-~-xylofuranosyl]adenine and 
9-[3-0-(n-hexyl)-~-~-xylofuranosyl]adenine. Similarly, isopropyl- 
idene-5-deoxy-~-xylose was converted to a 3-O-(n-hexyl) deriva- 
tive. Acetolysis and condensation with chloromercuri-6-benz- 
amidopurine followed by deacylation and resolution on ion-ex- 
change resin led to isolation of 9-[3-0-(n-hexyl)-5-deoxy-~~-~- 
xylofuranosyl]adenine and 9-[3-0-(n-hexyl)-5-deoxy-f1-~-xylofur- 
anosylladenine. 


Keyphrases Nucleosides, sugar moiety substituted-synthesis, 
isolation, separation 0 3-O-(n-Hexyl)adenine derivatives-syn- 
thesis, isolation Column chromatography-separation 
IR-identification UV spectrophotometry-identification 0 
Polarimetry-identification 


In a continuing series of investigations, the authors 
have been exploring the structural features of the sugar 
moiety of adenine nucleosides required for interaction 
with the enzyme adenosine deaminase and/or inhibition 
of whole cells (1, 2). Other groups as well have devoted 
considerable attention to  this area of study, particularly 
the laboratories of LePage (3), Schaeffer (4), and Bloch 
( 5 ) ,  among others. Compositely, the results of many 
studies such as those cited suggest that the 3’-hydroxyl 
group is usually not an important participant in an 
interaction with enzymes by which an adenine nucleo- 
side may function as an inhibitor rather than as a sub- 
s tra te . 


Recently, Baker (6) has collated many examples of 
the application of a principle he enunciated earlier (7): 
that a group which is found not to  be important in inter- 
action with an enzyme may be an ideal candidate for 
further modification with even quite bulky groups, 


including those which may react covalently with an 
enzyme to yield an active site directed, irreversible in- 
hibitor. Both Baker (8) and Schaeffer (9) have now pre- 
pared a number of such irreversible inhibitors. 


To  date there seems not to  have been any attempt to 
apply the implications of the Baker principle to “unim- 
portant” groups on the sugar moiety of nucleosides. 
As noted, the 3’-hydroxyl would appear to  be such a 
group. The present and following reports describe 
the syntheses of a number of 3‘4-substituted nucleo- 
sides whose availability will allow a beginning to  be made 
in assessing the practicality of designing an active site 
directed, irreversible inhibitor of a sugar moiety 
substituted type. 


Initially, the n-hexyl substituent was selected since not 
only could it serve as the carrier of an alkylating func- 
tion, but of itself might enhance binding of the nucleo- 
side through interaction with potentially accessible 
hydrophobic regions on susceptible enzymes. That such 
a hydrophobic region exists on adenosine deaminase has 
been demonstrated by Schaeffer and Vogel with a 
series of 9-alkyl substituted adenines (10). Xylofurano- 
syladenine (3c) and 5 ’-deoxyxylofuranosyladenine (1 l), 
both of which show affinity toward adenosine deami- 
nase, were slected as candidates for 3 ’-0-substitution. 
The present paper, therefore, reports the syntheses of the 
3 ‘-0-(rz-hexyl) derivatives of these two nucleosides. 


PROCEDURES 


Etherification of 1,2-O-isopropylidene-5-O-triphenyImethyl-~- 
xylofuranose (12) (I, Scheme I) with 1-chlorohexane in the presence 
of potassium hydroxide gave the 3-O-(n-hexyl) derivative (11) as a 
noncrystallizing syrup in quantitative yield. Attempts to remove the 
trityl group by hydrogenolysis over palladium black or palladium- 
on-charcoal were unsuccessful. This group, however, was readily 
removed in good yield when 11 was refluxed in an aqueous ethanolic 
solution of acetic acid. The resulting distillable syrup (111) was con- 
taminated with 8 of triphenylcarbinol which could be removed by 
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CHI 
I 


I1 


tHd 
I11 


O+CH, 
CHJ 


IV 


VII 


b Ac OH 
1x 


VIII 


Tr = triphenylmethyl 
R = n-hexyl 


Bz = benzoyl 
Ac = acetyl 


Scheme I 


chromatography on silica gel. Benzoylation of 111 in the usual 
manner gave a quantatiative yield of IV as a syrup. Acetolysis of IV 
gave the 1,2-diacetate (V) again as a syrup in quantitative yield. 
Condensation of V with chloromercuri-6-benzamidopurine (VI) in 
the presence of titanium tetrachloride resulted in a crude anomeric 
mixture of blocked nucleosides (VII) obtained as a glass. Without 
further purification, VII was deacylated with methanolic sodium 
methoxide, and the crude reaction products were chromatographed 
on ion-exchange resin’ using 60% aqueous methanol. Rechromato- 
graphing the partially separated nucleosides gave the pure LY and 13 
anomers (VIII and IX, respectively) as crystalline solids in yields of 
5.0% and 63 %, respectively (from V). 


In a similar manner, 5-deoxy- 1,2-O-isopropylidene-~-Xylofura- 
nose (11) (X, Scheme 11) was hexylated to give XI in 83 z yield as a 
distillable liquid. Acetolysis of XI gave the 1,2-diacetate (XII) as a 
liquid which was coupled with VI in the presence of titanium tetra- 
chloride. The resulting crude blocked nucleosides (XIII), ob- 
tained as a syrup, were deacylated and chromatographed as before. 
The pure crystalline a and @ nucleosides (XIV and XV, respectively) 
were isolated, after rechromatographing the partially overlapping 
peaks, in yields of 5.8 and 3 6 z ,  respectively (from XII). 


‘ I  
OAc XI1 


XI11 


XIV 


R = n-hexyl 
Bz = benzoyl 
Ac = acetyl 


+ 


NH, 


6rr 
xv 


Scheme I1 


The anomeric assignments of these nucleosides were made by 
application of Hudson’s rules of isorotation as shown in Table I. So 
far as is known, no exceptions to these rules have been found for 9- 
glycofuranosyladenines. In addition, condensation reactions with 2- 
acyloxy intermediates (such as V and XII), even under titanium 
tetrachloride conditions, are known to obey the trans rule of Baker 
for nucleosides (1 ,13) ;  that is, the preponderant anomer will have a 
CI’, C2’ trans configuration of substituents. The yields shown in 
Table I confirm these assignments. 


~ ~ 


1 Bio-Rad AGI X 8 (OH) is a more purified form of Dowex 1 sup- 
plied by Bioradlabs, New York, N. Y .  
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Table I-Specific Rotations and Yields of Nucleosides 


Anomeric 
Nucleoside [a]b6 (MeOH) % Yield Assignment 


VIII -0.6 0 .2"  5.0  a 
IX -49.8' 63 B 


XIV +0.5 f. 0.2"  5.8 a 
xv -61.7" 36 B 


The biological activity of the nucleosides reported in this paper 
is currently under investigation. The results will be the subject of a 
future report. 


EXPERIMENTAL2 


3-O-(n-Hexyl)-l,2-0-isopropylidene-5-O-triphenylmethyl- D - x yl- 
ofuranose (II-A mixture of 4.32 g. of 1,2-O-isopropylidene- 
5-O-triphenylmethyl-~-xylofuranose (I) (12), m.p. 116-1 18", 7.0 ml. 
of 1-chlorohexane, 3.0 g. of powdered potassium hydr~xide,~ and 5 
ml. of benzene were stirred and heated under reflux overnight while 
protected from moisture. The cooled mixture was partitioned be- 
tween 70 ml. of ether and 30 ml. of water. The organic phase was 
separated and washed further with water (2 X 30 ml.), then dried 
(MgS03, filtered, and evaporated at 0.05 mm. pressure and 55" 
for 3 hr. to give'a stiff, yellow syrup which failed to  crystallize; 
yield, 5.17 g. (100z). 1R analysis showed a substantial increase 
in aliphatic C-H absorption at 3000-2860 cm.-1 (addition of hexyl) 
and complete loss of hydroxyl absorption at 3450 cm.-l; [a]'," 
-25.4"(c 3.25, MeOH), -41.7". 


Anal.-Calcd. for C33H4006: C, 76.71; H, 7.80. Found: C, 
76.33; H, 7.39. 


3-0-(n-Hexyl)-1,2- 0-isopropylidene - D-xylofuranose (111)-A 
mixture of 25.8 g. of 11, 400 ml. of ethanol, 280 ml. of water, and 
120 ml. of glacial acetic acid was heated under reflux for 2 hr. 
(complete solution occurred in 30 min.). After evaporation of the 
solvents, the residue was dissolved in 300 ml. of chloroform and 
washed with 100 ml. of 1 Nsodium hydroxide solution and two 100- 
ml. portions of water. The chloroform solution was evaporated to 
dryness and the residue diluted with 75 ml. of methanol and stored 
overnight at 5". Triphenylcarbinol, 9.99 g. ( 7 7 z  of theory), was re- 
moved by filtration. The filtrate was evaporated to dryness and the 
residue distilled, giving the crude product (contaminated with 
triphenylcarbinol as shown by TLC) as a colorless, viscous liquid in 
a yield of 12.6 g. (92z), b.p. 135-145"/0.04 mm. A 3.0-g. sample of 
this material was chromatographed on 70 g. of silica gel using ben- 
zene and gave 0.25 g. (8%) of triphenylcarbinol. Further elution 
with absolute ethanol gave the desired product (2.68 g.), which was 
distilled to give 2.53 g. (78% overall) of 111 as a colorless liquid, b.p. 
128-134"/0.03 mm.; ;::. (cm.-') 3500 (OH), strong bands in 
the 3000-2850 region (aliphatic C-H of hexyl) and 1375 (doublet, 
isopropylidene); [a]'," -33.2" (c 3.31, MeOH), [a]E2, -39.6'. 


And-Calcd. for Ci4H2605: C, 61.29; H, 9.55. Found: C,  61.23; 
H, 9.70. 


J-O-Benmyl-3-0-( n-hexyl)-l,2-O-isopropylidene - D - x ylofuranose 
( I V b T o  a stirred solution of 1.74 g. (6.4 mmoles) of pure 
111 in 10 ml. of pyridine was added dropwise 1.0 ml. (8.7 mmoles) 
of benzoyl chloride below room temperature. The mixture was 
stored overnight at 5 "  in a stoppered flask and then quenched by 
the addition of 10 drops of water. After 30 min., the reaction was 
diluted with 50 ml. of chloroform and washed with 50 ml. of water, 
50 ml. of aqueous-saturated sodium bicarbonate, and 50 ml. of 
water; it was then dried (MgSO&filtered,and evaporated to dryness. 
Traces of pyridine were removed from the residue by codistillation 
in uucuo with two 10-ml. portions of toluene. The resulting light- 
amber syrup was held for several hours at <1 mm. pressure; yield, 
2.39 g. (100z); F::. (cm.-1) loss of 3500 absorption (OH), 1725 


2 All evaporations were conducted in DUCUO in a Buchler-type evapora- 
tor at 4Lk45" unless specified otherwise. Melting points were determined 
on a Mel-Temp apparatus and are uncorrected. The IR, UV, and polari- 
metric determinations were made using Perkin-Elmer models 337, 202, 
and 141, respectively. 


3 Obtained from the Riverside Chemical Co., Inc., North Tonawanda, 
N. Y. 


4 Galbraith Laboratories, Knoxville, Tenn., performed the elemental 
analyses. 


(benzoate C=O), 1375 doublet (isopropylidene), 1280 (benzoate 
C-0-C), 710(phenyl). 


Anal.-Calcd. for C21H3006: C, 66.64; H, 7.99. Found: C, 66.51; 
H, 7.80. 
1,2-Di-U-acety1-5-O-benzoyl-3 - 0- ( n  - hexyl) -D - xylofuranose (v) 


-To a stirred solution of 5.46 g. of IV in 58 ml. of glacial acetic 
acid and 6.4 ml. of acetic anhydride was added dropwise, at 15-20", 
2.8 ml. of concentrated sulfuric acid. The reaction was allowed to 
stand overnight in a stoppered flask and was then poured, with 
stirring, into 200 ml. of cold 10% aqueous sodium acetate. After 
1 hr., the mixture was extracted with four 50-ml. portions of 
chloroform. These extracts were combined and washed with 200 ml. 
of water, 200 ml. of aqueous-saturated sodium bicarbonate, and 200 
ml. of water; they were then driedfMgS04), filtered, and evaporated 
to dryness at 0.05 mm. pressure and 50" to give an almost colorless 
syrup; yield, 6.00 g. (99%); i.:::. (cm.-l) 1750 (acetate C=O), 
1725 (benzoate C=O), 1375 singlet (C-methyl), 1280 (benzoate 
C-0-C), 1220(acetate C-0-C), 710 (phenyl). 


And-Calcd. for C22HloOa: C ,  62.54; H, 7.16. Found: C,  
63.34; H, 7.19. 


9-[3-0-( m-Hexyl)-a- and @-~-xglofuranosyl]adenine (VIII and IX, 
respectively)-A mixture of 2.28 g. (5.4 mmoles) of V, 2.56 g. 
(5.4 mmoles) of chloromercuri-6-benzamidopurine ( I )  (VI), 2.6 g. 
of diatomaceous earth,5 and 100 ml. of ethylene dichloride was dis- 
tilled until 25 ml. of distillate had been collected. After cooling to 
room temperature, a solution of 0.60 ml. (5.4 mmoles) of titanium 
tetrachloride in 6 ml. of ethylene dichloride was added dropwise and 
the mixture was heated under reflux overnight while protected from 
moisture. To the cooled reaction was added 10 ml. of aqueous- 
saturated sodium bicarbonate with vigorous stirring, followed by 
additional solid sodium bicarbonate in small portions until a 
neutral reaction was obtained. After filtration through a diato- 
maceous earth pad, the filtrate was evaporated to dryness. A solu- 
tion of the residue in 50 ml. of chloroform was washed with 50 ml. 
of 30% aqueous potassium iodide and 50 ml. of water, then dried 
(MgSO& filtered, and evaporated to dryness at 0.05 mm. 
pressure and 50" to give the crude, blocked nucleosides (VII) as an 
amber glass; yield, 2.90 g. (89); ;:::. (cm.-') 1750 (acetate C=O), 
1725 (benzoate C=O), 1700 shoulder (amide C=O), 1610, 1580 
(C=C and C=N), 1280 (benzoate C-0-C), 1225 (acetate C-0 
-C), 7 10 (phenyl). 


A solution of 2.57 g. of VII in 50 ml. of 0.1 N methanolic sodium 
methoxide was heated under reflux for 3 hr. The cooled reaction was 
neutralized with acetic acid and evaporated to dryness. Methyl 
benzoate was removed by codistillation in ~iucuo with three 10-ml. 
portions of water. The residue was dissolved in 75 ml. of 50% 
aqueous ethanol and chromatographed on a column (38 mm. X 50 
cm.) of ion-exchange resin using 60% aqueous methanoL6 The 
partially separated peaks? corresponding to the anomeric nucleosides 
were each rechromatographed under the same conditions to give the 
pure isomers. The a-anomer (VIII) eluted first, and evaporation of 
the solvents gave 84 mg. (5.6%) of a crystalline solid, m.p. 174- 
177". Recrystallization from 50% aqueous methanol gave the pure 
compound, m.p. 18C-181"; [a]y -0.6" =k 0.2" (c 1.07, MeOH), 


Anal.-Calcd. for C I ~ H ~ ~ N ~ O ~ :  C, 54.68; H, 7.17; N, 19.93. 
Found:C,54.65;H,7.13;N,19.87. 


The 0-anomer (IX) eluted next and amounted to 1.06 g. (71 %) 
after removal of the solvents, m.p. 159-160". Two recrystallizations 
from aqueous methanol gave the analytical sample, m.p. 16G 
160.5"; [a12 -49.8' (c 1.21, MeOH), [a]::, -60.1"; X ~~~~~~ 


2 6 0 ( ~  15,100). 
And-Calcd. for C16H2&N504: C, 54.68; H, 7.17; N, 19.93. 


Found: C ,  54.87; H, 6.94; N, 19.48 
5-Deoxy-3- O-(n-hexyl)-1,2-O-isopropylidene-D-xylofuranose 


(XI)-A stirred mixture of 10.4 g. of 5-deoxy-l,2-O-isopropylidene- 
-D-xylofuranose ( I  1) (X), m.p. 68-70", 42 ml. of I-chlorohexane, 
30 ml. of benzene, and 18 g. of powdered potassium hydroxide were 
heated under reflux overnight while protected from moisture. The 
cooled mixture was partitioned between 300 ml. of ether and lor) ml. 


f 0 . 5 "  f 0.2"; +34.1 O ;  X g2Fp 260 ( 6  15,000). 


Celite, Johns Manville, New York, N. Y. 
6 Practical grade methanol was entirely satisfactory. 
7 Since these chromatograms generally required 2-3 days of continuous 


operation, the eluate was conveniently monitored by the use of an ISCO 
model UA analyzer equipped with a recorder operating at  1.27 cm. 
(0.5 in.)/hr. 
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of water. The ether layer was further washed with water (2 X 100 
ml.), dried (MgSO,), filtered, and evaporated to dryness. The 
resulting liquid was vacuum distilled, giving 12.9 g. (83 %) of XI as a 
colorless distillate, b.p. 75-80"/0.02 mm.; FEZ. (cm.-l) loss of 
3500 band (OH), several strong bands at 3oo(r2850 (aliphatic 
C-H of hexyl), 1375 doublet (isopropylidene); [a12 -28.3' (c 
1.22, MeOH), [ a ] ~ ~ ,  -33.1 '. 


Anal.-Calcd. for C14H2604: C, 65.08; H, 10.14. Found: C, 64.81; 
H, 10.18. 
1,2-Di-O-acetyl-5-dexy-3-O-(n-hexyl)-D-xy~ofuranose (m)- 


To a stirred solution of 11.5 g. of XI in 180 ml. of glacial acetic 
acid and 21.3 ml. of acetic anhydride was added dropwise, at 
15-20', 8.5 ml. of concentrated sulfuric acid. The reaction was 
stored overnight at room temperature in a stoppered flask, then 
poured into 650 ml. of cold 10% aqueous sodium acetate with 
stirring. After 40 min., the mixture was extracted with four 125-ml. 
portions of chloroform. The combined extracts were washed with 
300 ml. of water, 300 ml. of aqueous-saturated sodium bicarbonate, 
and 300 ml. of water; dried (MgS04); filtered; and evaporated to 
dryness at 0.1 mm. pressure and 50" to give XI1 as a pale-yellow 
liquid; yield, 13.7 g. (101 z); FEZ. (cm-1) 1750 (acetate C=O), 
1375 singlet (C-methyl), 1220 (acetate C-0-C). 


Anal.-Calcd. for C1sH2806: C, 59.58; H, 8.67. Found: C, 
60.11; H, 8.87. 


9-[5-Deoxy-3-0-(n-hexyl)-a- and p-D-xylofuranos ylladenine (XIV 
and XV, respectively)-A mixture of 4.82 g. (16 mmoles) of XII, 
7.57 g. (16 mmoles) of chloromercuri-6-benzamidopurine, 8 g. 
of diatomaceous earth, and 290 ml. of ethylene dichloride was dis- 
tilled until 55 ml. of distillate had been collected. The mixture was 
cooled to room temperature and a solution of 1.8 ml. (16 mmoles) 
of titanium tetrachloride in 9 ml. of ethylene dichloride was added 
dropwise. The reaction was heated under reflux 20 hr. while pro- 
tected from moisture. After cooling, 20 ml. of aqueous-saturated 
sodium bicarbonate was added with vigorous stirring, followed by 
additional solid sodium bicarbonate in small portions until a 
neutral reaction was obtained on pH paper. The mixture was 
filtered through a diatomaceous earth pad, the cake washed with two 
50-ml. portions of ethylene dichloride, and the combined filtrate 
and washings were evaporated to dryness. A solution of the residue 
in 100 ml. of chloroform was washed with 100 ml. of 30% aqueous 
potassium iodide, 100 ml. of aqueous-saturated sodium bicarbonate, 
and 100 ml. of water; it was then dried (MgS04), filtered, and 
evaporated to dryness at 0.1 mm. pressure and 55' to give the crude, 
blocked nucleosides (XIII) as a pale-brown syrup; yield, 6.82 g. 
(89z);  F:::. (cm.-l) 1750 (acetate C=O), 1700 (amide C=O), 
1225 (acetate C-0-C), 710 (phenyl). 


A solution of 6.81 g. of XI11 in 100 ml. of 0.1 N methanolic 
sodium methoxidewas heated under reflux for 2.5 hr. while protected 
from moisture. The cooled reaction was neutralized with acetic acid 
and the solvent evaporated. Methyl benzoate was removed by co- 
distillation of the residue with three 20-ml. portions of water in 
uacuo. A solution of the residue in 70 ml. of 80% aqueous methanol 
was divided into two equal portions, each of which was chromato- 
graphed on a column (58 mm. X 50 cm.) of ion-exchange resin 
( 2 W O O  mesh) using 6 0 z  aqueous methanol. The resulting chro- 
matogram showed a minor UV absorbing peak followed by a major 
peak with some overlapping of the two materials. These overlap 


regions were combined from the two runs and rechromatographed 
to  give the cleanly separated isomers. The first peak to elute, the 
a-anomer (XIV), gave white needles after evaporation; yield, 0.31 
g. (6.5 %). Recrystallization from 30 ml. of 50 aqueous methanol 
gave fine white needles, m.p. 139-140'; [ c u ] ~  +0.5" f 0.2" (C 1.11, 
MeOH), +1.2" f 0.2", [a]:& +39.1"; h~~~~~ 260 
(E 15,400). 


Anal.-Calcd. for C1$125NsOs: C, 57.29; H, 7.51; N, 20.88. 
Found:C,57.01;H,7.53;N,20.58. 


The major peak, the /3-anomer (XV), gave 1.91 g. (40%) of white 
crystals on evaporation, m.p. 149-151 O. Recrystallization from 45 
ml. of 65% aqueous methanol gave white needles, m.p. 15Ck151"; 
[a12 -61.7" (c 1.29, MeOH), [a]::, -75.2'; X95%ET0H mar. (mp) 260 
(E 15,600). 


Anal.-Calcd. for C16Hz5N503: C, 57.29; €3, 7.51; N, 20.88. 
Found: C, 57.46; H, 7.67; N, 20.93. 
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A., owing to the variation possible in conformational preference. 
The carbonyl oxygen distance from the center of the triple bond 
ranges from 3.1-4.2 A. 


An allowed pattern of atoms can thus be drawn for oxotremorine, 
Fig. 5.  This calculated energy-allowed pattern clearly mirrors the 
muscarinic pattern, previously proposed, Fig. 6. 


It can be concluded that oxotremorine can assume a muscarinic 
pharmacophore, within its structure, on the basis of theoretical 
calculations of its preferred conformations. Although conclusive 
pharmacological evidence that would brand oxotremorine as a 
central muscarinic agonist is still lacking, these studies implicate 
the feasibility of this mechanism. 
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Antiradiation Compounds XIII: 
1-(Dithioacetic Acid)-Pyridinium Betaines 


WILLIAM 0. FOYE, YOUNG JA CHO, and KYUNG HEE OH 


Abstract 0 Active mono-S-alkyl esters prepared from I-(dithio- 
acetic acid)-pyridinium betaine (111) were found to be sufficiently 
stable for screening as radiation-protective agents, and e-withdraw- 
ing substituents in the pyridine ring gave stable betaines. Reaction 
of the methyl ester of 111 with phenacyl bromide and alkali resulted 
in S-alkylation to give a ketene mercaptal betaine (VIII). Both the 
allyl and p-nitrobenzyl esters of 1-(dithioacetic acid)-pyridinium 
halides were radiation-protective in mice, and betaines with sub- 
stituents in the pyridine ring were radiation-protective in a bacterial 
test. 


Keyphrases 0 Antiradiation compounds-synthesis I-(Dithio- 
acetic acid)-pyridinium betaines-synthesis 0 Pharmacological 
screening-antiradiation compounds 0 IR spectrophotometry- 
structure 


Amino and guanidino zwitterions containing the 
thiosulfate (I) ,  phosphorothioate (2), and trithiocar- 
bonate ( 3 )  groups, as well as other zwitterionic structures 
(4) which contain the P-mercaptoethylamine moiety 
have shown appreciable radiation-protective abilities in 
mice. a-Acetamidinium thiosulfate zwitterions (5) have 
also shown good radiation-protective properties. It 
appeared likely, therefore, that other zwitterions con- 
taining, or giving rise to, a thiolate anion should be 
radiation-protective. Dithioacetic acid pyridinium be- 
taines, obtained from the reaction of carbon disulfide 
and pyridinium ylids, appeared to have the necessary 
structural requirements for protective activity in a 
charged nitrogen and a thiolate anion, and were there- 
fore investigated for possible radiation-protective prop- 
erties. 


Pyridiniuni betaines are compounds, termed by 
Krohnke (6),  which contain a negatively charged carbon, 
oxygen, or sulfur adjacent to, or at  greater distance 
from, the positively charged nitrogen ; the term ylid is 
now generally used where the charges are on adjacent 
atoms. When phenacylpyridinium bromide is treated 
with alkali, a red solution of the ylid (I) results. Reaction 
with carbon disulfide gives the a-dithiocarboxylate 
zwitterion (11) which decomposes to the dithioacetic 
acid betaine (111) in methanolic alkali (6).  This com- 
pound, although unstable, can be isolated, and remains 
stable long enough for derivatives to be prepared. Con- 
version to  the active allyl and p-nitrobenzyl esters (IV) 
was carried out, and compounds of sufficient stability 
for antiradiation screening were obtained. 


C5H51kHzCOC6H5 Br- - C6H51%HCOC6H5 __f 


NaOH CSr 
I 


CHaOH 


I NaOH 
C5H&HCOC6H5 ---+ C5H5kCH2CSz- + C6H5COzCH3 


cs2- 
I1 111 


S 
Rx It 


C5Hs&CH2CS2- d C5H5kCH,CSR X- 
IV 


Reaction of the dithioacetic acid betaine (111) with 
bromoethylamine hydrobromide did not give the 
desired ester; also, no reaction with phenyl halides or 
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2,4-dinitrochlorobenzene took place. Krohnke et al. (7) 
have found that the methyl ester of dithioacetic acid 
pyridinium betaine exists in  methanolic alkali as both 
the carbon ylid (V) and the sulfur ylid (VI), and that 
alkyl halides react preferentially with the thiolate anion. 
To determine whether a di-S-alkyl derivative would 
form preferentially to  an S-alkyl-C-alkyl derivative, 
reaction of the methyl ester (IV) with phenacyl bromide 
was carried out. The product, according to the IR 
spectrum, was the ketene mercaptal, 2-methylthio-2- 
phenacylthio-I-vinylpyridinium bromide (VII). In the 
IR, both C=O and C=C absorption were found; no 
absorption due to C=C would be expected in the C- 
alkylation product of IV. 


Treatment of VII  with methanolic alkali gave yellow 
crystals of a low-melting, unstable compound from 
which HBr had been lost. This compound still revealed 
IR absorption due to both C=O and C=C, as well as 
enol, and was therefore concluded to  be the betaine 
(VIII). Similar treatment of the phenacyl ester of 1- 
(dithioacetic acid)-pyridinium bromide (IX) by Krohnke 
( 6 )  led to ring-closure to give a stable, high-melting 
dihydrothiophene betaine (X), which was ultimately 
converted to a thiophene. Compound X was prepared, 
and its 1R spectrum showed no evidence of either C=O 
or C=C. Similar attempts to convert VIII to a dihydro- 
thiophene resulted in decomposition. 


S S- 
+ -  I1 + 1 CsH,COCH,Br C,H,NCHCSCH, - C5HBNCH=CSCHI - 


v VI 


C,H;~;CH=CSCH,COC,H, B ~ -  
CH OH I 


SCH, 


VII 0- 


S 


+ i 
C,H,NCH=CSCH=CCsH: 


I 
SCH3 
VIII 


0- 
+ II I 


C,H NCH,CSCH,COC,H, Br- CjH,i&-CH--C-C,H. 
CH ,OH I t  Ix S =C ,S,CH, 


N 


Besides making modifications in  the dithioacetic acid 
portion of the molecule, the authors also desired to learn 
the effects that e-withdrawing substituents in the pyri- 
dine ring might have both on stability of the betaines 
and their radiation-protective ability. Accordingly, 1- 
phenacyl and 1-p-nitrobenzyl derivatives of nicotin- 
amide, ethyl nicotinate, and ethyl isonicotinate were 
prepared. Reaction of 1 -phenacyl-3-carbamylpyridiniuni 
bromide with carbon disulfide and alkali gave at once a 
red solution from which the dithioacetic acid betaine 
(XI) was isolated. The compound could not be recrys- 
stallized without decomposition, but it was stable after 
being dried. 


Treatment of 1-p-nitrobenzyl-3-carbamylpyridiniuni 
chloride with carbon disulfide in alkali gave a red solu- 
tion only slowly. Isolation of the product and elemental 


analysis showed that the p-nitrophenyl group had not 
been removed; the a-dithiocarboxylic acid betaine XI1 
was obtained. 


NH,C=O 
X I  


X I1 
Similarly, reaction of both 1-phenacyl- and l-p- 


nitrobenzyl-3-carbethoxypyridinium halides with carbon 
disulfide and alkali gave the a-dithiocarboxylic acid 
betaines without loss of the benzoyl or p-nitrophenyl 
groups. The same result was obtained with the l-phen- 
acyl- and 1-p-nitrobenzyl-4-carbethoxypyridinium ha- 
lides; in these cases, very poor analyses were obtained 
for the products. None of these compounds could be 
recrystallized without decomposition, but they were 
relatively stable after drying. 


RADIATION-PROTECTIVE PROPERTIES' 


Tests were carried out in mice cersus 8 2 5  (X-rays) with an ob- 
servation period of 30 days. The p-nitrobenzyl ester (IV) of dithio- 
acetic acid pyridinium chloride gave fair protection (3373, and the 
allyl ester (IV) proitided slight protection (17%) to mice. In anti- 
radiation testing on bacteria, 1 -(dithioacetic acid)-3-carbamylpyrid- 
inium betaine (XI) gave good protection (>4573, and the a-p- 
nitrophenyl-3-carbamyl (XII), a-benzoyl-3-carbethoxy (XIII), and 
a-p-nitrophenyl-4-carbethoxy pyridinium dithioacetic acid betaines 
gave poor protection (1-24%). 


EXPERIMENTAL 


Analyses for carbon, hydrogen: and nitrogen were done by Weiler 
and Strauss, Oxford, England. Sulfur analyses were done by Parr 
bomb peroxide fusion. Melting points were taken on a Mel-Temp 
apparatus and are corrected. IR absorption spectra were obtained 
with a Perkin-Elmer model 137B spectrometer. 


1-(Dithioacetic acid)-pyridinium Betaine (111)-Phenacylpyridin- 
ium bromide (6) (28 g., 0.10 mole) was dissolved in 120 ml. of meth- 
anol, and 8 ml. of carbon disulfide (0.12 mole) was added at room 
temperature, followed by 60ml. of 2 N methanolic sodium hydroxide. 
After 2 hr., the orange crystals were filtered and washed with 
water. Recrystallization was accomplished from water not over 
60", giving 15.3 g. (90%), m.p. 110-112" (lit. m.p. 110") (6). The 
product decomposed after standing in a desiccator for a day. 


And-Calcd. for C7H7NS2: S? 37.87. Found: S, 38.05. 
1-(Dithioacetic acid p-nitrobenzyl ester)-p yridinium Chloride (1V)- 


p-Nitrobenzyl chloride (1.71 g., 0.01 mole) was dissolved in di- 
methylformamide (20 ml.), and I-(dithioacetic acid)-pyridinium 
betaine (1.57 g., 0.009 mole) was added gradually with stirring. 
A red solution resulted from which yellow crystals were separated 
and washed with ether. The yield was 1.03 g. (37%); m.p. 167- 
168". 


And-Calcd. for Cl4Hl3CIN2O2S2: C,  49.34; H, 3.80; N, 8.25; 
S, 18.82. Found: C,48.66; H, 3.89; N, 7.99; S, 19.25. 


1-(Dithioacetic acid allyl ester)-pyridinhm Bromide (IV)-l-( Di- 
thioacetic acid)-pyridinium betaine (0.85 g.,0.005 mole) was added to 
a solution of chloroform (5 ml.) and allyl bromide (2 ml., 0.01 mole). 
Warming on a water bath gave a red solution, and addition of ether 


1 Antiradiation screening of some of the compounds described has 
been carried out at the Walter Reed Army Institute of Research, and 
results have been reported through the courtesy of Drs. D. P. Jacobus 
and T. R. Sweeney. 
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produced yellow crystals, which were filtered and washed with 
ether. The yield was 1.0 g. (71 z); m.p. 107-1 11 O .  


Anal.-Calcd. for C10HIPBrNS2: C, 41.38; H, 4.40; N, 4.82; 
S,22.10. Found: C,40.92; H, 4.46; N.4.67; S,22.68. 


1 - (2 - Methylthio - 2 - phenacylthio - 1 - vinyl) - pyridinium 
Bromide (VI1)-1-(Dithioacetic acid methyl ester)-pyridinium betaine 
(6) (1.83 g., 0.01 mole) was dissolved in 5 ml. of chloroform, and 
phenacyl bromide (2.0 g., 0.01 mole) was added. A yellow solution 
resulted, and addition of ether and refrigeration for a few days 
produced yellow crystals; 3.08 g. (81 z), m.p. 90-95"; IR (KBr) 
1675 (M), 1630 (C=C), 1600 (doublet, ring stretch) cm.-l. 


Anal.-Calcd. for C16HlsBrNOS2: C, 50.26; H, 4.19; N, 3.66; 
S, 16.77. Found: C, 49.71; H, 4.26; N, 3.58; S, 16.20. 
1 - (2 - Methylthio - 2 - phenacylthio - 1 - vinyl) - pyridinium Betaine 


(VIII)--To a solution of the previous product (3.82 g., 0.01 mole) in 
5 ml. of methanol cooled by an ice bath was added 2 N methanolic 
sodium hydroxide. After the solution was refrigerated for 1 hr., 
yellow crystals appeared and were filtered and washed with water. 
Recrystallization from methanol gave 2.35 g. (7573, m.p. 80-83"; 
IR (mineral oil) 1675 (C==O), 1615 (C=C), 1575 (enol) cm.-'. 


Anal.-Calcd. for C16H15NOSP: C, 63.78; H, 4.19; N, 4.64; 
S, 21.28. Found: C, 63.32; H, 4.67; N, 4.24; S, 21.03. 
1-Phenacyl-3-carbethoxypyridinium Bromid-A solution of 


ethyl nicotinate (8), (6.53 g., 0.044 mole), phenacyl bromide (7.86 g., 
0.044 mole), and methanol (60 ml.) was refluxed for 16 hr. The 
solvent was removed by a stream of air, and the residue was washed 
with ether. Recrystallization from ether-methanol gave 14 g. (93 z); 
m.p. 181-182'. 


Anal.-Calcd. for C16H16BrN03: C, 54.87; H, 4.61; N, 4.00. 
Found: C, 54.61; H,4.65; N, 3.62. 


l-(p-Nitrobenzyl)-3- carbethoxypyridinium Chloride-A solution 
of ethyl nicotinate (8) (3.02 g., 0.02 mole), p-nitrobenzyl chloride 
(3.24 g., 0.02 mole), and methanol (30 ml.) was refluxed for 35 hr. 
Addition of ether produced yellow crystals which were collected 
and recrystallized from ether-methanol, giving 2.15 g. (41 %); m.p. 
96-97". 


And.-Calcd. for C15H15C1N20a: C, 55.82; H, 4.68; N, 8.68. 
Found: C, 55.66; H,4.95; N, 8.85.. . 
1-Phenacyl-4-carbethoxypyridinium Bromide-A solution of ethyl 


isonicotinate (8) (7.55 g., 0.05 mole), phenacyl bromide (9.95 g., 0.05 
mole), and methanol (95 ml.) was refluxed for 5 hr. The solvent was 
evaporated, and the residue was washed with ether. The product 
was recrystallized from methanol, giving 15.1 g. (85%) of yellow 
crystals, m.p. 183.5-185'. 


Anal.-Calcd. for CI6Hl6BrNO3: C, 54.87; H, 4.61; N, 4.00. 
Found:C,54.60;H,4.51;N,4.12. 
l-(p-Nitrobenzyl)-4-carbethoxypyridnium Chloride-A solution 


of ethyl isonicotinate (8) (7.55 g., 0.05 mole), p-nitrobenzyl chloride 
(8.56 g., 0.05 mole), and methanol (25 ml.) was refluxed for 24 hr. 
The solvent was removed by a stream of air, and the residue was 
washed with ether. Recrystallization from ether-methanol gave 8.0 
g. (49%); m.p. 173.5-174". 


And-Calcd. for Cl6Hl5CIN2Oa: C, 55.82; H, 4.68; N, 8.68. 
Found: C,55.32; H,4.75; N,8.82. 


1-(Dithioacetic acid)-3-carbamylpyridinium Betaine (X1)- 
1-Phenacyl-3-carbamylpyridinium bromide (9) (1 1 g., 0.034 mole) 
dissolved in 1 1. of methanol was treated with carbon disulfide (2.6 g., 
0.34 mole) dissolved in 4 ml. of methanol, and the solution was 
stirred at room temperature for 25 min. It was then treated with 20 
ml. of 2 N NaOH in methanol, stirred at 5-10" for 25 min., and 


stored over dry ice overnight. The orange precipitate was filtered, 
washed with cold ether, and dried in uacuo. The yield was 2.53 g. 
(35%); m.p. 104.5-107". 


Anal.-Calcd. for c6H8N20s2: C, 45.26; H, 3.79; N, 13.19. 
Found: C,45.36; H,3.92; N, 12.95. 
1-[a-(p-Nitropheny1)dithioacetic acid]-3-carbamylpyridinium Be- 


taine (XII)-l-(p-Nitrobenzyl)-3-carbamylpyridinium chloride (9) 
(2.93 g., 0.01 mole) dissolved in 250 ml. of methanol was treated with 
carbon disulfide ( I  g., 0.013 mole) dissolved in 5 ml. of methanol. 
Addition of 6 ml. of 2 N NaOH in methanol gave a red solution 
which deposited greenish crystals when stored over dry ice. A yield 
of2.19g.(67z)was obtained; m.p. 115-117". 


And-Calcd. for CJIl1N3O3S2: C, 50.43; H, 3.32; N, 12.63. 
Found: C,49.97; H, 3.44; N, 12.39. 


1-(a-Benzoyldithioacetic acid)-3-carbethoxypyridinium Betaine 
(XII IFTo I-phenacyl-3-carbethoxypyridinium bromide (3.5 g., 0.01 
mole) in 32 ml. of methanol was added carbon disulfide (1 g., 0.013 
mole) in 5 ml. of methanol, and the solution was stirred for 15 min. 
Addition of 6 ml. of 2 N NaOH in methanol gave a red solution from 
which a black precipitate appeared after several hours at room tem- 
perature. The product was collected and washed with cold ether, 
giving 0.77g. (29 %) ofred-black solid; m.p. 120-124". 


Anal.-Calcd. for C1~H~5N0&: C, 59.11; H, 4.37; N, 4.06. 
Found: C, 59.84; H,  3.99; N,4.23. 


1-[a -(p -Nitrophenyl)dithioacetic acid] -3- carbethoxypyridinium 
Betaine-1-p-Nitrobenzyl-3-carbethoxypyridinium chloride (2 g., 
0.006 mole) in 10 ml. of methanol was treated with carbon disulfide 
(0.5 g., 0.006 mole) in 2 ml. of methanol, and the solution was re- 
fluxed 3 hr. After addition of 2 N NaOH in methanol (3.6 d.), 
a red precipitate appeared, which was fihered and dried. The 
yield was 1.7 g. (7573; m.p. 125-126". 


And-Calcd. for ClJ314N20aS2: C, 53.02; H, 3.95; N, 7.74. 
Found: C, 53.17; H,4.53; N, 8.37. 
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Books 


REVIEWS 


Methodenlehre der therapeutisch-klinischen Forschung. By P. MAR- 
TINI, G. OBERHOFFER, and E. WELTE. 4th ed. Springer-Verlag, 
New York, N. Y., 1968. viii + 495 pp. Price $37.00. (In German) 
The 4th, new, and completely revised edition of the original book 


of the late P. Martini is the legacy of this pioneer of exact clinical- 
therapeutic research. The three basic requirements for meaningful 
research are reliable clinical standards, the exclusion of secondary 
complicating factors, and the use of mathematical comparisons for 
the objective evaluation of clinical results. The discussion of these 
aspects is the thematic center of the book of Martini, Oberhoffer, 
and Welte. The large amount of scientific information is very well 
organized and clearly written. 


After an interesting historical review the fundamentals of clinical 
therapeutic research in the experimental phase and the unity of 
clinical and experimental research are discussed in Chapters 2 and 
3. In particular the causality and expediency of medical research and 
especially the common necessary suppositions in experiments are 
treated. In a special, very instructive chapter, important co-factors 
(“Mitursachen”) in therapeutic problems are described. In particu- 
lar the exclusion of these disturbing factors and the role of side ef- 
fects in clinical research are characterized. A large part of the book 
deals with the problems of statistics, data processing, and documen- 
tation. It is up-to-date and presented in such a way that it is easily 
understandable even for nonspecialized readers. The fundamental 
principles of statistics, the influence of variables on the mean value 
and deviation, data processing, and programming as applied in 
clinical research are presented. The largest part of the book is con- 
cerned with the special methodology of clinical-therapeutic re- 
search in selected diseases such as scarlet fever, diphtheria, malaria, 
hepatic and lung diseases, high blood pressure, heart insufficiency, 
kidney and gastric diseases, and many others. These discussions are 
particularly oriented toward the selection of reliable clinical 
standards and the application of mathematical comparisons. The 
influence of individual, collective, and psychological factors in 
some special organ diseases are also discussed. 


The appendix contains instructive statistical tables, computer pro- 
grams, and a detailed literature index and also a separate author 
register. This arrangement appears to be effective and useful. The 
copiously equipped book is recommended to everyone working in 
the field of’ medical research and data processing. 


Reuiewed by:  Joachim K. Seydel 
Department of Pharmaceutical Chemistry 
Forschungsinstitut Borstel 
Institut f i r  Experimentelle Biologie und Medizin 
Hamburg, West Germany H 


Aromatic Nucleophilic Substitution. By JOSEPH MILLER, in Reaction 
Mechanisms in Organic Chemistry, monograph 8. Edited by C. 
EABORN and N. B. CHAPMAN, Elsevier Publishing Co., 335 Jarvan 
Galenstraat, P.O. Box 21 1,  Amsterdam, The Netherlands, 1968. 
xi + 408 pp. 14.5 X 22 cm. Price $23.50. 
This monograph represents a comprehensive review and inter- 


pretation, both quantitative and qualitative, of a multiplicity of 
aromatic nucleophilic substitution reactions including S N ~ ,  activated 
S,v2 and benzyne mechanisms, charge-transfer and covalent com- 
plexes. These mechanisms as well as a brief summary of side reac- 
tions, kinetic evidence, and energetics of substitution reactions are 
introduced in Chapter 1 (26 pp.). Chapter 2 (1 1 pp.) considers the 
S N ~  mechanism in greater detail; Chapter 3 (18 pp.) similarly dis- 
cusses the benzyne or elimination-addition mechanism. The last 
Chapter 9 (23 pp.) considers less common aromatic SN reactions 
while Chapter 7 (73 pp.) summarizes and interprets results obtained 
when studying nucleophilic substitution in nonbenzenoid aromatic 
systems. Comparison is made between homo- and heterocyclic 
organic systems ; heterocyclic systems are desirably categorized as 
*-excessive and *-deficient. Considerations of inorganic and other 
nonbenzenoid aromatic systems (tropylium ions, quinones, etc.) 
conclude Chapter 7. 


While the entire monograph is well written, this reviewer found 
Chapter 4 (72 pp.) concerning substituent effects in aromatic SN re- 
actions to be presented in a particularly interesting and informative 
manner. Pan-activating substituents, which is a term introduced by 
the author to “denote a substituent which is able to activate electro- 
philic, nucleophilic and radical substitution in an aromatic ring to 
which it is attached,” are discussed along with a consideration of the 
effects of most functional groups on SN versus S E  reactions. Hammett 
and related treatments, Dewar’s proposal concerning the mode by 
which a substituent may affect a distant reaction center, the effect of 
0, p ,  m and two or more substituents on aromatic SN reactions are 
topics discussed in a complete and concise manner. Substituents are 
classified into eight groups dependent upon their chemical nature; 
the influence of each group of functions is comparatively discussed 
when they are bondedp, 0, and m to the leaving group. 


Chapter 5 (40 pp.) dealing with the leaving group, Chapter 6 
(30 pp.) concerning the nucleophile, and Chapter 8 (47 pp.), which 
considers the medium (solvent), catalytic and steric effects, are very 
informative and are of interest to synthetic as well as theoretical 
chemists. Subjects discussed in these chapters are treated quantita- 
tively and qualitatively in terms of aromatic SN* and ShT2 reactions. 
Chapter 8 also considers photo and metal ion catalysis. Experi- 
mental results, along with their interpretation, are presented in all 
chapters. The monograph is well referenced into 1967 and is not 
only of value to the practicing chemist, but to the student who is 
presently studying theoretical organic chemistry on a graduate 
level. 


Reviewed by Donald T. Witiak 
Division of Medicinal Chemistry 
College of Pharmacy 
The Ohio State University 
Columbus, OH 43210 H 


The Chemistry and Physics of High Energy Reactions. By ERNEST J. 
HENLEY and EVERETT R. JOHNSON. University Press, 641 1 Chillum 
Place, N.W., Washington, D.C., 1969. vi + 475 pp. 15 X 23 cm. 
Price $18.50. 
This volume is intended to provide a coherent textbook as an easy 


entree for the novice in the field of radiation chemistry. The material 
is presented in thirteen chapters in a high level, mathematical man- 
ner. Material is presented on units, radiation, radioactivity, and 
general nomenclature; interaction of radiation with matter; radia- 
tion sources; and radiation dosimetry. Other topics include radia- 
tion chemistry of gases, solids, water, and aqueous systems, as well 
as the effects of radiation on liquid hydrocarbons, polymers, and 
radiation-induced polymerizations. 


Throughout the book the authors insert numerous example prob- 
lems which are very useful for the comprehension of concepts. Also 
included are a multitude of tables and figures containing significant 
data. The text is broad in scope, rather cursory on certain topics, but 
provides excellent in-depth information on many areas of radiation 
chemistry. Although it is the stated intent of the authors to limit ref- 
erences, additional citations in areas discussed briefly would be 
helpful to the reader. 


In summary, this book is a complete, well-prepared text which is 
most valuable as a reference or textbook for the radiation chemist 
and as a reference for the radiobiologist. 


Reviewed by Stanley M. Shaw 
School of Pharmacy 


Purdue Uniwrsity 
Lafayette, IN 47907 H 


and Pharmacai Sciences 


Pharmaceutics-Galenical Pharmacy. By ERIK SANDELL, translated 
from Swedish by R. PAMELA ZACHARIAS. 364 pp. 16 X 23 cm. 
May be obtained by payment through international money order 
addressed to E. Sandell, postal giro account number 15 84 49, 
Postgirokontaret, Stockholm 1, Sweden. 
Professor Sandell intends to present a “basic course in Pharma- 


ceutics and Galenical Pharmacy and . . . to direct more specialized 
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Preparation and In Vitro Evaluation of a 
Sustained-Action Suspension of Dextromethorphan 


WILLIAM E. SMITH*, JOHN D. BUEHLERt, and MANFORD J. ROBINSON 


Abstract 0 A stable suspension having a prolonged it2 vitro release 
was prepared by synthesizing a poorly water-soluble salt of dextro- 
methorphan, crystallizing this salt as a hydrate, coating the crys- 
tals in a solid particle-coating device with a triglyceride fatty acid 
mixture, and dispersing the coated crystals in an aqueous vehicle. 
Dramatic differences in physical and release-rate stability were en- 
countered with the same chemical salt when it was coated by dif- 
ferent methods and crystallized from different solvent systems. 


Keyphrases n Dextromethorphan-sustained-action suspension IJ 
Sustained action-dextromethorphan suspension 0 Suspension- 
triglyceride fatty acid-coated dextromethorphan salt 0 Spray- 
congealed coating-dextromethorphan crystals Release-rate 
stability-dextromethorphan suspension 0 Thermal analysis, 
differential-dextromethorphan salt 


Numerous oral sustained-action products have been 
marketed in the past 16 years. For most of these prod- 
ucts, sustained action has been obtained by coating 
compressed tablets or large pellets, or by compressing 
drug in admixture with water-insoluble fillers. Very 
little data have been presented on the use of coated sub- 
sieve-sized particles in the formulation of sustained- 
action dosage form. Bakan (1) has outlined the use of 
the coacervation process for preparing sustained-action 
powders. Several investigators (2-5) have reported on 
the use of spray-congealing procedures for preparing 
sustained-action powders. 


Coacervation coating and spray-congealing methods 
have not been widely used to prepare sustained-action 
products, possibly because these methods require ex- 
pensive, specialized equipment not commonly utilized 
by the pharmaceutical industry. A simple, relatively 
inexpensive, solid particle-coating device (PCE) de- 
veloped in this laboratory may have greater utility for 
the preparation of sustained-action dosage forms (6). 
This report presents an example of subsieve-sized crys- 
tals coated in the PCD and use of these coated crystals 
in the formulation of a stable, liquid, sustained-action 
suspension of dextromethorphan. It also presents the 
differences found in physical and release-rate stability 
which illustrate the importance of certain physical and 
chemical properties of drug and coating components in 
the formulation of this dosage form. 


EXPERIMENTAL 


Materials-A poorly water-soluble form of dextromethorphan 
was obtained by reacting d-methorphan with o-(p-hydroxybenzoyl) 
benzoic acid (7). The resulting salt (DMHB) was crystallized from 
ethanol-chloroform and dimethylformamide-water solvent sys- 
tems. Mixtures of glyceryl tristearate (GTS)' and 12-hydroxystearic 


~~~ ~~ ~~ ~~ 


1 Hydrofol Glycerides T57L, Ashland Chemical Co., Columbus, 
Ohio. 


Table I-Composition and Typical Release Rates for Coated 
DMHB Prepared by Spray Congealing 


A. Theory, %-DMHB = 25.0, 12-HSA = 3 7 . 5 ,  GTS = 3 7 . 5  
Actual, %-DMHB = 24.4  
Releaserate, za-O.5 = 4 ,  1 . 5  + 0 . 5  = l-l, 


1 . 5  + 3 = 5 5 ,  1 . 5  + 5.5 = s_h 
B. Theory, %-DMHB = 20.0, 12-HSA = 40.0, GTS = 4 0 . 0  


Actual, Z-DMHB = 1 9 . 7  
Release rate, zU--0.5 = 4, 1 5 + 0.5 = 13, 


1 . 5  + 3 = 62, 1 . 5  + 5 . 5  = S-I 


a First number indicates hours in USP gastric fluid and second, 
where given, indicates hours in inodified USP Intestinal fluid. 


Table 11-Composition and Typical Release Rates for Coated 
DMHB Crystals Prepared in PCD 


A. Theory, %-DMHB = 3 3 . 0 ,  12-HSA = 3 3 . 5 ,  GTS = 3 3 . 5  
Actual. %-DMHB = 33 1 
Release rate, %"-O 5 = 17, 1 . 5  + 0.5 = 31, 


1 5 + 3 = 7 0 , l  5 + 5 5 = 78 
B. Theory, Z-DMHB = 3 5 . 0 ,  BA = 6.5,  GTS = 58.5 


Actual, %-DMHB = 32.0 
Release rate, Za--0.5 = 19.  1 . 5  + 0 .5  = 27, 


1 . 5  + 3 = 3, 1 5 + 5.5 = @ 


a First number indicates hours in  USP gastric fluid and second, 
where given, indicates hours i n  modified USP intestinal fluzd. 


acid (12-HSA)Z or GTS and behenic acid (BA):' were used as coat- 
ing materials. Chloroform and carbon tetrachloride were used as 
solvents for these coating materials. The aqueous vehicle for the 
sustained-action powders contained tragacanth, sorbitol, methyl- 
cellulose, sodium cyclamate, saccharin, methyl and propyl paraben, 
sorbic acid, and imitation black currant flavor. 


Equipment and Methodology-Spray-congealed, sustained-action 
powders were prepared by suspending DMHB crystals in a molten 
mixture of the coating materials and spraying the resulting suspen- 
sion in a Niro laboratory model spray drier.4 Procedures analogous 
to those described in previous publications were followed (3,  8). 
DMHB crystals were coated in the PCD, using solvent solutions 
of the coating materials and techniques generally in accordwith those 
previously described for use with this apparatus (6). A Fisher sub- 
sieve size analyzers was used to determine the volume-surface mean 
diameter (&) of DMHB, the spray-congealed powders, and the 
coated DMHB crystals. Coating uniformity and integrity were 
checked by microscopic examination of a glycerin-HzO or mineral 
oil mull of the sustained-action powders. An L & R ultrasonic 
bath6 operating at 73 kc./sec. was used to crystallize the DMHB 
from the dimethylformamide solvent system. DMHB release was 
measured using the method described by Souder and Ellenbogen 
(9), with the exception that the USP intestinal fluid was prefiltered 
and the undissolved particles containing DMHB were collected 
on 1.2-p filter paper.? 


2 Baker Castor Oil Co., Bayonne, N. J. 
3 Hydrofol Acid 560, Ashland Chemical Co., Columbus, Ohio. 
1 Nichols Engineering and Research Coro.. New York. N. Y. 


* I  


5 Fisher ScieGtific Coy, Pittsburgh, Pa. 
6 L &. R Manufacturing Co., Kearny, N. J. 
7 Millipore Corp., Bedford, Mass. 
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Figure 1-Crystal growth from DMHB “ethatzofate”-coated par- 
ticles in an aqueous suspension (magn$cation: 0-1 equals 63.9 p). 
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Figure 2-A typical thermogram for the anhydrous form of DMHB. 


RESULTS AND DISCUSSION 


The solubility of DMHB in the aqueous vehicle was about 0.9 
mg./ml. at 25”. At a concentration below saturation, uncoated 
DMHB crystals dissolved completely in USP gastric or intestinal 
fluid in less than 5 min. At the same concentration, the spray- 
congealed and the coated crystals released DMHB slowly over 
time in USP gastric and intestinal fluid. Typical release values and 
the composition of these powders are given in Tables I and 11. The 
d,, was about 15 p for the spray-congealed powders and about 30 p 
for crystals coated in the PCD. These results suggested that powders 
prepared by either process should be suitable for the preparation 
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Figure 3-Atypicalthermogram for the “ethanolare” formof D MHB.  
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Figure 4-A typical lhermogram .for the hydrate form of DMHB.  


of a sustained-action suspension. The particle size was low enough 
to minimize grittiness and sedimentation propensity. The theoretical 
density was in a range where the addition of a small amount of 
sorbitol permitted a match between particle and vehicle density. 
Only about 10% of the DMHB dose (9.0 mg./ml.) would be needed 
to saturate the aqueous vehicle, permitting formulation of a sus- 
pension with a desirable balance between initial and prolonged re- 
lease. The in uirro release rates of the spray-congealed and the coated 
DMHB crystals suggested that a suspension of these powders would 
provide sustained antitussive activity in uiuo. 


An additional requirement for the sustained-action powders is 
the absence of significant change in chemical potency and release 
rate over time. This was determined for these formulations by stor- 
ing them at 37” and under ambient conditions. The results obtained 
after several months’ storage are given in Table 111. It is evident that 
the release rate of the spray-congealed formulation has increased 


Table 111-Chemical and Release-Rate Stability of DMHB Sustained-Action Powders 


Storage r Release Rate, %a 


Storage Time, Assay, Hours - 
Sample Temp. month % 0.5 1 . 5  + 0.5 1.5 + 3 1 .5  + 5 


Spray- Ambient 
congealed Ambient 


37” 
37 


Spray- Ambient 
congealed A?bient 


37 
31 


PCD Ambient 
Ambient 
37 
37” 


0 
1 
1 
2 
0 
1 
I 
3 
0 
2 
1 
3 


24.4 
24.6 
24.6 
24.6 
19.7 
19.7 
19.9 
19.9 
33.1 
34.0 
34.1 
34.2 


4 13 
- 23 ~~ 


9 32 
7 40 


17 37 
16 34 
13 34 
16 36 


55 86 
75 
86 94 
91 96 


- 


87 62 
74 
84 92 
88 94 
70 78 
69 80 
69 80 
66 76 


- 


a First number indicates hours in USP gastric fluid and second, where given, indicates hours in modified USP intestinal fluid. 
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Table IV-Release-Rate Stability of a Sustained-Action 
Suspension of DMHB “Ethanolate” 


--After 25 Storage, days--- 
Release Rate, 1 4 6 


0.5 
1 . 5  + 0.5 
1 . 5  + 3 


- 1 . 5  + 5 . 5  


4 First number indicates hours in USP gastric fluid and second 
where given, indicates hours in modified USP intestinal fluid. 


markedly, whereas that of the coated crystals has not. Microscopic 
examination of the spray-congealed powders suggested some change 
in the crystal form in the GTS-12-HSA matrix. This possibility was 
confirmed by X-ray diffraction which showed that spray-congealed 
GTS solidified in the polymorphic a-form. This form is unstable 
and on storage transformed into the stable 0-modification. In  con- 
trast, GTS could be obtained in the @-form by spraying from chloro- 
form or carbon tetrachloride. Since there was no other discernible 
physical change in these powders, it is considered likely that the 
release-rate increase of the spray-congealed powders was related 
to polymorphic transition of the GTS. In any event, the changes in 
release rate of the spray-congealed formulation indicated that only 
the DMHB crystals coated in the PCD would be acceptable for use 
in formulating a sustained-action suspension. 


DMHB crystallized from the chloroform-alcohol solvent system 
had ad,, of less than 20 p ,  and the shape of the individual particles 
approached sphericity. The particle size and shape were considered 
optimal for formulation. However, when these crystals were coated 
and the resultant powder dispersed in the aqueous vehicle, DMHB 
underwent marked crystal growth. The effect of this crystal growth 
on coating integrity is shown in Fig. 1 and the resultant incresse in 
release rate is given in Table IV. Chemical analysis of DMHB in- 
dicated that, prior to coating, the crystals were either anhydrous or 
contained varying amounts of alcohol. In contrast, crystals taken 
from the aqueous suspension contained 3.5-3.8 Z H2D. Typical 
therrnograms obtained by differential thermal analysis for the an- 
hydrate, “ethanolate,” and hydrate are given in Figs. 2-4. These 
results indicate that DMHB crystallized from the chloroforin- 
alcohol solvent system as an “ethanolate” of varying coinposition 
(possibly unstable) and, in some instances, was converted to the 
anhydrate by drying at high temperatures. In aqueous media, these 
more soluble forms recrystallized in the form of the monohydrate. 


It was found that crystals of the monohydrate could be obtained 
by use of a dimethylforrnamide-water solvent system, but these 
crystals were excessively large and acicular in shape. Experimenta- 
tion with various crystallization techniques established the fact 
that crystals of a desirable size and shape could be obtained by rapid 
nucleation through the use of insonation and by slowing crystal 
growth by careful temperature control. Photomicrographs of the 
DMHB monohydrate crystals obtained by this procedure appear 
in Fig. 5.  The release rates for an aqueous suspension of coated 
DMHB monohydrate crystals are listed in Table V. Also given in 
this table are the release-rate values after 6 months’ storage at 37‘ 
and 1 year’s storage at ambient conditions. Photomicrographs of 
coated crystals alone and in an aqueous dispersion after 1 year’s 
storage at ambient conditions appear in Figs. 6 and 7. No evidence 
of change in appearance, potency, or release rate was found for this 
formulation during this storage time. 


Figure 5-DMHB crystals obtained from a dimethylformamide- 
wuter soloent system (mugnification: 0-1 equals 63.9 p ) .  


Figure 6 - D M H B  crystals routed with a mixture of GTS and BA 
(magniJicution: 0-1 equuls 63.9 p) .  


Although this fortnulation was not t z t ed  in oieo for antitussive 
activity, the in Li!ro relesse values sugge;t that thispreparation would 
release a desirable amount of dextromethorphan for immediate ab- 
sorption arid the reinainder would be relensed for absorption slowly 
over tiine. 


In this report, dramatically different behavior has been described 
for the same chemical salt coated by two different methods and 
crystallized from two different solvent systems. It is likely that the 
implications of these observations are not only applicable to  the 
formulation of liquid sustained-release dosage forms but also should 
be considerej in the formulation of other dosage forms. This study 


Table V-Chemical and Relase-Rate Stability of a Sustained-Action Suspension of DMHB Hydrate 


-3 Months--- -- 6 Months-- 1 Year, 
Original RT 37” R T  37” R T  


Release Rate, %” 8.9 8.9 8.7  9.0 8.8 8.9 
Assay, mg./ml.----- 


0 . 5  
1 . 5  + 0.5 
1 . 5  + 3 
1.5 + 5 . 5  
Solubility in vehicle 


~ ~ ~ 


a First number indicates hours in USP gastric fluid and second, where given, indicates hours in modified USP intestinal fluid. 
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Figure 7-An aqueous suspension of coated DMHB crystals after 1 
year’s storage at ambient conditions (magniJcation: 0-1 equals 
63.9 g). 


illustrates the value of having a choice of materials and processes 
which can be used to arrive at the best formulation prior to clinical 
testing. In this instance, the PCD proved to be a useful addition to 
equipment available in these laboratories for the formulation of a 
suspension having a prolonged in Gitro release. 
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Correlation and Prediction of Rates of Alkaline Hydrolysis 
of Some Benzoate Esters 


RICHARD J. WASHKUHN*, SANGSOM REUTRAKUL, and JOSEPH R. ROBINSON 


Abstract 0 Rate constants have been determined for the alkaline 
hydrolysis of 36 p-substituted alkyl benzoates, and it is shown that 
these esters can be characterized on the basis of their rates of 
alkaline hydrolysis. Application of linear free-energy relationships 
allows calculation of alkaline hydrolysis rate constants for alkyl or 
aromatic p-substituted benzoate esters not included in this study. 
It is demonstrated that rates can be predicted for esters whether 
substituent variation is in the acyl or alkyl portion of the molecule 
by using the conventional Hammett treatment and the more recent 
alcohol dissociation model. 


Keyphrases 0 Benzoate esters-alkaline hydrolysis rates 0 Al- 
kaline hydrolysis rates-benzoate ester identification 0 Linear 
free-energy relationships-alkaline hydrolysis rate prediction 0 
UV spectrophotometry-reaction monitoring 


Earlier papers in this series (1-4) demonstrated that 
precise kinetic measurements can be a powerful tool in 
the identification of organic compounds. In addition, 
the large number of rate constants generated in these 
studies, under constant conditions, provides the neces- 
sary data for structure-reactivity relationships, mech- 
anistic interpretations, etc. The classes of organic 
compounds previously considered were: alcohols [rates 


of alkaline hydrolysis of their 3,5-dinitrobenzoate 
esters (l)], sugars [rates of oxime formation (2)], alipha- 
tic amines [rates of cinnamoylation (3)], and aliphatic 
esters [rates of alkaline hydrolysis (4)]. The present 
study demonstrates that rates of alkaline hydrolysis can 
be used to  identify aromatic esters and presents linear 
free-energy relationships to predict rates of alkaline hy- 
drolysis for esters not included in the study. 


EXPERIMENTAL 


Chemicals-Fisher certified acetonitrile was used without further 
purification after it was established that it was spectrally pure 
(from 220-300 mp) and that it had no anomalous effect on the rate 
of alkaline hydrolysis. All other chemicals were either analytical or 
reagent grade. Water was double distilled from acid permanganate 
in an all-glass distillation apparatus. 


All esters were prepared according to procedures outlined by 
Shriner et al. (5) with slight modification. The acyl chloride was 
reacted with the appropriate alcohol by heating under reflux for 30 
min. The reaction mixture was then taken up in chloroform and 
extracted with 5% NazCOa followed by water and finally dried with 
MgSOa. After removing the chloroform under vacuum, the ester 
remaining was purified by repeated recrystallization from water or 
from the alcohol representing the alkyl portion of the ester or, in the 
case of liquids, by vacuum distillation. 
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Books 


REVIEWS 


Methodenlehre der therapeutisch-klinischen Forschung. By P. MAR- 
TINI, G. OBERHOFFER, and E. WELTE. 4th ed. Springer-Verlag, 
New York, N. Y., 1968. viii + 495 pp. Price $37.00. (In German) 
The 4th, new, and completely revised edition of the original book 


of the late P. Martini is the legacy of this pioneer of exact clinical- 
therapeutic research. The three basic requirements for meaningful 
research are reliable clinical standards, the exclusion of secondary 
complicating factors, and the use of mathematical comparisons for 
the objective evaluation of clinical results. The discussion of these 
aspects is the thematic center of the book of Martini, Oberhoffer, 
and Welte. The large amount of scientific information is very well 
organized and clearly written. 


After an interesting historical review the fundamentals of clinical 
therapeutic research in the experimental phase and the unity of 
clinical and experimental research are discussed in Chapters 2 and 
3. In particular the causality and expediency of medical research and 
especially the common necessary suppositions in experiments are 
treated. In a special, very instructive chapter, important co-factors 
(“Mitursachen”) in therapeutic problems are described. In particu- 
lar the exclusion of these disturbing factors and the role of side ef- 
fects in clinical research are characterized. A large part of the book 
deals with the problems of statistics, data processing, and documen- 
tation. It is up-to-date and presented in such a way that it is easily 
understandable even for nonspecialized readers. The fundamental 
principles of statistics, the influence of variables on the mean value 
and deviation, data processing, and programming as applied in 
clinical research are presented. The largest part of the book is con- 
cerned with the special methodology of clinical-therapeutic re- 
search in selected diseases such as scarlet fever, diphtheria, malaria, 
hepatic and lung diseases, high blood pressure, heart insufficiency, 
kidney and gastric diseases, and many others. These discussions are 
particularly oriented toward the selection of reliable clinical 
standards and the application of mathematical comparisons. The 
influence of individual, collective, and psychological factors in 
some special organ diseases are also discussed. 


The appendix contains instructive statistical tables, computer pro- 
grams, and a detailed literature index and also a separate author 
register. This arrangement appears to be effective and useful. The 
copiously equipped book is recommended to everyone working in 
the field of’ medical research and data processing. 


Reuiewed by:  Joachim K. Seydel 
Department of Pharmaceutical Chemistry 
Forschungsinstitut Borstel 
Institut f i r  Experimentelle Biologie und Medizin 
Hamburg, West Germany H 


Aromatic Nucleophilic Substitution. By JOSEPH MILLER, in Reaction 
Mechanisms in Organic Chemistry, monograph 8. Edited by C. 
EABORN and N. B. CHAPMAN, Elsevier Publishing Co., 335 Jarvan 
Galenstraat, P.O. Box 21 1,  Amsterdam, The Netherlands, 1968. 
xi + 408 pp. 14.5 X 22 cm. Price $23.50. 
This monograph represents a comprehensive review and inter- 


pretation, both quantitative and qualitative, of a multiplicity of 
aromatic nucleophilic substitution reactions including S N ~ ,  activated 
S,v2 and benzyne mechanisms, charge-transfer and covalent com- 
plexes. These mechanisms as well as a brief summary of side reac- 
tions, kinetic evidence, and energetics of substitution reactions are 
introduced in Chapter 1 (26 pp.). Chapter 2 (1 1 pp.) considers the 
S N ~  mechanism in greater detail; Chapter 3 (18 pp.) similarly dis- 
cusses the benzyne or elimination-addition mechanism. The last 
Chapter 9 (23 pp.) considers less common aromatic SN reactions 
while Chapter 7 (73 pp.) summarizes and interprets results obtained 
when studying nucleophilic substitution in nonbenzenoid aromatic 
systems. Comparison is made between homo- and heterocyclic 
organic systems ; heterocyclic systems are desirably categorized as 
*-excessive and *-deficient. Considerations of inorganic and other 
nonbenzenoid aromatic systems (tropylium ions, quinones, etc.) 
conclude Chapter 7. 


While the entire monograph is well written, this reviewer found 
Chapter 4 (72 pp.) concerning substituent effects in aromatic SN re- 
actions to be presented in a particularly interesting and informative 
manner. Pan-activating substituents, which is a term introduced by 
the author to “denote a substituent which is able to activate electro- 
philic, nucleophilic and radical substitution in an aromatic ring to 
which it is attached,” are discussed along with a consideration of the 
effects of most functional groups on SN versus S E  reactions. Hammett 
and related treatments, Dewar’s proposal concerning the mode by 
which a substituent may affect a distant reaction center, the effect of 
0, p ,  m and two or more substituents on aromatic SN reactions are 
topics discussed in a complete and concise manner. Substituents are 
classified into eight groups dependent upon their chemical nature; 
the influence of each group of functions is comparatively discussed 
when they are bondedp, 0, and m to the leaving group. 


Chapter 5 (40 pp.) dealing with the leaving group, Chapter 6 
(30 pp.) concerning the nucleophile, and Chapter 8 (47 pp.), which 
considers the medium (solvent), catalytic and steric effects, are very 
informative and are of interest to synthetic as well as theoretical 
chemists. Subjects discussed in these chapters are treated quantita- 
tively and qualitatively in terms of aromatic SN* and ShT2 reactions. 
Chapter 8 also considers photo and metal ion catalysis. Experi- 
mental results, along with their interpretation, are presented in all 
chapters. The monograph is well referenced into 1967 and is not 
only of value to the practicing chemist, but to the student who is 
presently studying theoretical organic chemistry on a graduate 
level. 


Reviewed by Donald T. Witiak 
Division of Medicinal Chemistry 
College of Pharmacy 
The Ohio State University 
Columbus, OH 43210 H 


The Chemistry and Physics of High Energy Reactions. By ERNEST J. 
HENLEY and EVERETT R. JOHNSON. University Press, 641 1 Chillum 
Place, N.W., Washington, D.C., 1969. vi + 475 pp. 15 X 23 cm. 
Price $18.50. 
This volume is intended to provide a coherent textbook as an easy 


entree for the novice in the field of radiation chemistry. The material 
is presented in thirteen chapters in a high level, mathematical man- 
ner. Material is presented on units, radiation, radioactivity, and 
general nomenclature; interaction of radiation with matter; radia- 
tion sources; and radiation dosimetry. Other topics include radia- 
tion chemistry of gases, solids, water, and aqueous systems, as well 
as the effects of radiation on liquid hydrocarbons, polymers, and 
radiation-induced polymerizations. 


Throughout the book the authors insert numerous example prob- 
lems which are very useful for the comprehension of concepts. Also 
included are a multitude of tables and figures containing significant 
data. The text is broad in scope, rather cursory on certain topics, but 
provides excellent in-depth information on many areas of radiation 
chemistry. Although it is the stated intent of the authors to limit ref- 
erences, additional citations in areas discussed briefly would be 
helpful to the reader. 


In summary, this book is a complete, well-prepared text which is 
most valuable as a reference or textbook for the radiation chemist 
and as a reference for the radiobiologist. 


Reviewed by Stanley M. Shaw 
School of Pharmacy 


Purdue Uniwrsity 
Lafayette, IN 47907 H 


and Pharmacai Sciences 


Pharmaceutics-Galenical Pharmacy. By ERIK SANDELL, translated 
from Swedish by R. PAMELA ZACHARIAS. 364 pp. 16 X 23 cm. 
May be obtained by payment through international money order 
addressed to E. Sandell, postal giro account number 15 84 49, 
Postgirokontaret, Stockholm 1, Sweden. 
Professor Sandell intends to present a “basic course in Pharma- 


ceutics and Galenical Pharmacy and . . . to direct more specialized 
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Potential Antineoplastics 11: I-Thiocarbamoyl-3-methyl 
4-arylhydrazono-2-pyrazolin-5-ones, 2-Amino-4- 
phenyl-5-arylazothiazoles, and N-Phenyl-N'- 
2 (4-phen yl-5-arylazothiazol yl) thiocarbamides 


H. G. GARG and R. A. SHARMA 


Abstract A series of l-thiocarbamoyl-3-methyl-4-arylhydrazono- 
2-pyrazoIin-5-ones, 2-amino-4-phenyl-5-arylazothiazoles, and N- 
phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thiocarbamides have been 
prepared for evaluation as antineoplastic agents. The l-thiocar- 
bamoyl-3-methyl-4-arylhydrazono-2-pyrazolin-5-ones and 2-amino- 
4-phenyl-5-arylazothiazoles were synthesized by coupling of ap- 
propriate aryldiazonium salts with l-thiocarbamoyl-3-methyl-2- 
pyrazolin-5-one and 2-amino-4-phenylthiazole, respectively. The N- 
phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thiocarbamides were ob- 
tained by condensing phenylisothiocyanate with 2-amino-4-phenyl-5- 
arylazothiazoles. The hydrazone-keto structures to l-thiocarbamoyl- 
3-methyl-4-arylazo-2-pyrazolin-5-ones have been based on the 
IR spectral data. The intermediates required in these syntheses are 
also described. 


Keyphrases 0 l-Thiocarbamoyl-3-methyl-4-arylhydrazono-2-py- 
razolin-5-ones-synthesis 0 2-Amino-4-phenyl-5-arylazothiazoles 
-synthesis 0 N-Phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thio- 
czrbamides-synthesis 0 IR spectrophotometry-structure 


There has been a growing interest, during the last 
few years, in compounds containing the N*-N*-S* or 
0"-N*-S* tridentate ligand system (1-5) or arylazo 
grouping (6, 7). This interest stems mainly from certain 
interesting carcinostatic activities of heterocyclic car- 
boxyaldehyde thiosemicarbazones and the interfering 
action of 5-arylazopyrimidines with nucleic acid syn- 
thesis. Moreover, various Schiff bases from benzalde- 
hyde nitrogen mustards and thiazoleamines have been 
reported to possess antitumor activity (8-10). As a part 
of a general study' directed toward the development 
of antineoplastics (1 l), the above-mentioned rationale 
led to  examination of the synthesis and properties of 
three series of compounds having these mixed structural 
features-uiz., l-thiocarbamoyl-3-niethyl-4-arylhydraz- 
ono-2-pyrazolin-5-ones and 2-amino-4-phenyl-5-arylazo- 
thiazoles having N*-N*-S* ligand and arylazo group- 
ing and N-phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thio- 
carbamides having N*-N*-S* ligand and arylazo group- 
ing and a modified azomethine linkage. It was hoped 
that these series might afford compounds that would be 
relatively less toxic to normal cells and have a better 
chemotherapeutic index.2 


THEORETICAL 


The most satisfactory route to l-thiocarbamoyl-3-methyl-4- 
arylhydrazono-2-pyrazolin-5-ones (11) has been found to be the 


1 A preliminary report of a portion of this work appeared in abstracts, 
Joint Convention of the Chemical Research Committee (C.  S. I. R.) 
Institution of Chemists (India), and Society of Biological Chemists 
(India), Hyderabad-7 (India), 1969, p. 22. 


$These compounds have been submitted for testing to  Dr. H. B. 
Wood, Jr., National Institutes of Health, Bethesda, Md., the results of 
which will be reported elsewhere. 


prior synthesis of I-thiocarbarnoyl-3-methyl-2-pyrazolin-5-one (I) 
and its subsequent coupling with diazonium salts. The required 
intermediate (I) is obtained in excellent yield by the cyclization of 
ethyl 3-oxobutyrate-~-thiosemicarbazone in liquid ammonia at 
room temperature. This in turn is prepared from ethyl acetoacetate 
and thiosemicarbazide (12) (see Scheme I). The products are all 
highly colored crystalline derivatives which are summarized in 
Table I. 


The precursor for 2-amino-4-phenyl-5-arylazothiazoles, 2-amino- 
4-phenylthiazole (111), has been obtained by the condensation of 
acetophenone and thiourea in presence of iodine (13). The arylazo 
group at C-5 has been introduced by the condensation of the cor- 
responding diazonium salts with 111. The different 2-amino-4- 
phenyl-5-arylazothiazoles so obtained are crystalline substances and 
are summarized in Table 11. 


Boiling equimolar quantities of phenylisothiocyanate, prepared 
according to the procedure of Dains et al. (14), and 2-amino-4- 
phenyl-5-arylazothiazoles in benzene on a steam bath gives the 
N-phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thiocarbamides in yields 
exceeding 60% (Table 111). 


It is interesting to note that the 1-thiocarbamoyl group is thermo- 
labile in l-thiocarbamoyl-3-methyl-4-arylhydrazono-2-pyrazolin-5- 
ones, and the cleavage of the thiocarbamoyl residue results in the 
products being the N-1-unsubstituted-3-methyl-4-arylhydrazono-2- 
pyrazolin-5-ones (1 5). 


The structures assigned to I-thiocarbamoyl-3-methyl-4-arylazo- 
2-pyrazolin-5-ones need some comments as they can theoretically 
exist as one or more of the four possible structures (see structures 
of 11). 


C-S 


NHz 
I 


IIa 


C-S 
I 


NH, 
IIb 


I 1 c=s 
NH2 


c=s 
NH, I I 


I I C  IId 


Possible Structures of Compound I1 


The IR spectra of all the compounds show bands characteristic 
of cyclic C=O frequency (16) (1660 cm.-l region) and C=C- 
NH-N=vibration (17) (1550 cm.-' region) (Table IV). This 
evidence unequivocally excludes Structures IIa, IIb, and IIc from 
consideration and supports hydrazone-keto Structure IId for all 
1 -thiocarbamoyl-3-methyl-4-arylhydrazono-2-pyrazo~in-5-ones. 
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R--NH--N=C--C--CH 


Table I- 1 -Thiocarbamoyl-3-methyl-4-arylhydrazono-2-pyrazolin-5-ones 
H,S-C=S 


Sample 7- Anal., %-- 7 


No. R Yield, M.p., "C. Color Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


Phenyl 


4-MePh 


2-MePh 


2,4-Me2Ph 


2,5-MezPh 


2,6-Me2Ph 


2-NOzPh 


3-NO2Ph 


4-NOzPh 


3-MeOPh 


2,6-C12Ph 


3-ClPh 


2,5-C12Ph 


2-C1-6-MePh 


4-ClPh 


2,5-MeOzPh 


2-CI-4-NOzPh 


4-EtOPh 


4-SOZNHZPh 


75 


80 


80 


70 


86 


84 


65 


70 


72 


88 


74 


82 


83 


87 


67 


88 


55 


60 


76 


224-225 


230-231 


21&211 


223-224 


I 74-1 75 


1 87-1 88 


202-203 


247-248 


241-242 


196-197 


171-172 


246-247 


226-227 


194- 195 


211-212 


172-173 


108- 109 


168(d) 


229-230 


Orange needlesa 


Orange needles 


Yellow plates 


Orange needles 


Orange needles 


Yellow needles 


Orange needles 


Yellow needles 


Yellow needles 


Brown fibers 


Brown plates 


Orange needles 


Brown needles 


Yellow needles 


Brown fibers 


Brown needles 


Pale-yellow needles 


Orange needles 


Yellow needles 


C, 50.5 
H, 4 .2  
N, 26.8 
S, 12.3 
C ,  52.3 
H, 4 .7  
N, 25.4 
S, 11.6 
C, 52.3 
H, 4 . 7  
N, 25.4 
S, 11.6 
c ,  53.9 
H, 5.1 
N, 24.2 
s, 11.1 
c ,  53.9 
H, 5.1 
N, 24.2 
s, 1 1 . 1  
c ,  53.9 
H, 5.1 
N, 24.2 
s, 11.1 
C ,  43.1 
H, 3 . 2  
N, 27.4 
S, 10.5 
C, 43.1 
H, 3 . 2  
N, 27.4 
S, 10.5 
C ,  43.1 
H, 3.2 
N, 27.4 
S, 10.5 
c ,  49.4 
H, 4 . 4  
N, 24.0 
s, 11.0 
C, 40.0 
H, 2 .7  
N, 21.2 
s, 9 .7  
c ,  41.5 
H, 3 .3  
N, 23.6 
S, 10.8 
c, 40.0 
H, 2.7 
N, 21.2 
s, 9.7 
C, 46.6 
H, 3 . 5  
N, 22.6 
S, 10.4 
c ,  44.5 
H, 3.3 
N, 23.6 
S, 10.8 
C, 48.7 
H,  4.6 
N, 21.6 
s, 10.0 
C ,  38.8 
H, 2 .6  
N, 24.7 
s, 9 . 4  
C, 51.1 
H, 4 . 9  
N, 22.9 
S ,  10.5 
C, 38.8 
H,  3 . 5  
N, 24.7 
s, 9 . 4  


C, 50.1 
H, 4 . 0  
N, 26.4 
s, 12.1 
C, 52.0 
H,  4 .5  
N. 25.7 
s, 11.5 
C, 52.2 
H, 4 .2  
N, 25.2 
s, 11.7 
c, 53.5 
H, 4 .9  
N, 23.9 
s, 11.0 
C, 53.6 
H, 4 .7  
N, 24.0 
s, 11.3 
c ,  53.4 
H, 5.2 
N, 24.4 
s, 11.2 
C, 42.9 
H, 3 . 6  
N, 27.6 
S, 10.3 
C, 42.7 
H, 3.1 
N, 27.1 
S, 10.4 
C, 42.9 
H, 3.2 
N, 27.5 
S, 10.3 
C, 49.1 
H, 4 . 0  
N, 23.7 
S, 10.8 
C, 40.2 
H, 2.5 
N, 2 1 . 3  
S, 9.8 
C, 44.8 
H, 3 .8  
N, 23.2 
S, 10.7 
C, 40.3 
H, 2.9 
N, 21.2 
s, 9.7 
C, 46.4 
H, 3 .1  
N, 22.2 
s, 10.2 
C, 44.2 
H, 3.6 
N, 23.5 
S, 10.5 
C, 48.5 
H, 4 .2  
N, 21.6 
s, 9 . 9  
C, 38.3 
H, 2.5 
N, 24.5 


C, 51.2 
H, 4 . 4  
N, 22.8 
S, 10.3 
C, 38.4 
H, 3.2 
N, 24.9 
s, 9 . 2  


s, 9.1 


a Lit. m.p. 217". 
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S-C--N=N-R' 
Table II-2-Amino-4-phenyl-5-arylazothiazoles 


Sample -Anal., z--- 
No. R'  Yield, M.p., "C. Color Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


2-MePh 


2-MeOPh 


3-MeOPh 


4-MeOPh 


3-ClPh 


4-C1Ph 


2-NOzPh 


3-NOzPh 


4-EtOPh 


3-OHPh 


2-COOHPh 


2,4-MezPh 


2,5-MezPh 


2,6-MezPh 


2,5-MeOzPh 


2,5-ClzPh 


2,6-C1zPh 


2-CI-6-MePh 


2-CI-4-NOzPh 


78 


85 


76 


82 


64 


70 


71 


68 


78 


65 


60 


90 


86 


85 


60 


75 


78 


70 


72 


15F160 


210-21 I 


201-202 


204-205 


166-167 


232-233 


210-211 


233-234 


229-230 


18 1-1 82 


268-269 


184-185 


204205 


162- 163 


124125 


227-228 


134-135 


180-181 


272-273 


Orange needles 


Deep-red needles 


Red needles 


Orange needles 


Orange plates 


Violet needles 


Red needles 


Orange plates 


Brown needles 


Orange needles 


Deep-red needles 


Red needles 


Orange needles 


Deep-red needles 


Orange needles 


Orange needles 


Orange fibers 


Red needles 


Violet needles 


C, 65.3 
H, 4 .7  
N, 19.0 
s; 10.9 
C, 61.9 
H, 4.5 
N, 18.0 
S, 10.3 
C, 61.9 
H, 4 . 5  
N, 18.0 
S, 10.3 
C, 61.9 
H, 4 .5  
N, 18.0 
s, 10.2 
c ,  57.3 
H, 3.5 
N, 17.8 
s, 10.0 
c ,  57.3 
H, 3 . 5  
N, 17.8 
s: 10.2 
c ,  55.3 
H, 3 .3  
N, 21.5 
s, 9 .8  
c ,  55.3 
H, 3.3 
N, 21.5 
s, 9 .8  
C, 62.9 
H, 4.9 
N, 17.2 
s, 9 . 9  
c ,  60.8 
H, 4 .0  
N, 18.9 
S, 10.8 
C, 59.2 
H, 3.7 
N, 17.2 
s, 9.9 
C, 66.2 
H, 5 .1  
N, 18.1 
S, 10.4 
C, 66.2 
H, 5.1 
N, 18.1 
S, 10.4 
C, 66.2 
H, 5.1 
N, 18.1 
S, 10.4 
c ,  60.0 
H, 4 . 7  
N, 16.4 
s, 9 .4  
C, 51.5 
H, 2.8 
N, 16.0 
S, 9 .2  
C, 51.5 
H, 2.8 
N, 16.0 
S, 9 .2  
C, 58.5 
H, 3.9 
N, S, 17.0 9 .8  


C, 50.1 
H, 2.7 
N, 19.4 
s, 9 . 3  


C, 65.2 
H, 4 . 4  
N, 18.5 
S, 10.7 
C, 61.4 
N, 4.2 
N, 18.2 
S, 10.4 
C ,  61.7 
H, 4.6 
N, 17.9 
s, 10.3 
C. 61.5 
H,  4.2 
N, 17.7 
S, 10.3 
c ,  57.5 
H, 3.1 
N, 17.5 s, 10.0 c, 57.1 
H, 3 .4  
N, 17.4 
s, 10.1 
C ,  55.0 
H, 3 . 0  
N, 21.2 
S, 9.6 c, 55.5 
H, 3.6 
N, 21.0 
s, 9 .7  
C, 62.5 
H, 4 .7  
N, 17.5 
S, 9 . 8  
C, 60.7 
H, 4 .2  
N, 18.4 
S, 10.5 
c ,  59.3 
H, 3 . 5  
N, 17.3 
s, 9.7 
C,  66.4 
H, 5 . 2  
N, 18.6 
s, 10.2 
C, 66.0 
H, 4 .7  
N, 18.2 
S, 10.3 
C, 66.2 
H,  4 . 9  
N, 18.0 
S, 10.1 
C, 60.4 
H, 4 . 2  
N, 16.2 
s, 9 .2  
C, 51.1 
H, 2.5 
N, 16.5 
s, 9 . 0  
C, 51.3 
H, 2.7 
N, 16.3 s, 9 .1  
C, 58.2 
H, 3 . 4  
N, 17.2 
S, 9 . 6  c, 49.8 
H, 2.5 
N, 18.9 
s, 9.1 


~~ _____ 


(Continued) 
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Table II-(Continued) 


Sample I-- Anal., %---- 
No. R' Yield, % M.p., "C. Color Formula Calcd. Found 


20 2,6-C1~-4-NOzPh 70 234-235 Deep-red needles C I & L C ~ A N ~ M  c ,  45.9 C, 45.6 
H, 2.2 H, 2 .0  
N, 17.7 N, 17.4 
s, 8.1 s, 8.0 


21 2,4-(NOz)zPh 65 278-219 Violet needles C I S H ~ O N ~ O ~ S  C, 48.6 C, 48.2 
H, 2 .7  H, 2.8 
N, 22.7 N, 22.3 
S, 8 .6  S, 8.4 


Table III--N-Phenyl-N'-2(4-phenyl-5-arylazothiazolyl)thiocarbamides 
S 
I1 S--C-N=N-R' 


PhHN--C--HN-k*N,e+ - 


Sample -Anal., %-- 
No. R' Yield, % M.p., "C. Color Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


23- Me0,Ph 


2-MePh 


2,5-ClzPh 


3-NOzPh 


4-EtOPh 


2,6-Me2Ph 


4-C1Ph 


4-MeOPh 


2,4-Me2Ph 


2-Cl-4-NOzPh 


3-MeOPh 


2-MeOPh 


2-NOzPh 


2,5-MezPh 


2,4-(NOz)zPh 


65 


69 


72 


58 


65 


75 


60 


74 


71 


55 


76 


75 


70 


68 


56 


141-142 


254-255 


256257 


262-263 


242-243 


185-186 


255-256 


239-240 


258-259 


280-281 


235-236 


227-228 


164-165 


260-261 


287-288 


Orange-red 
needles 


Red needles 


Deep-red plates 


Y ellow-orange 
needles 


Red needles 


Orange-red 
needles 


Red plates 


Orange needles 


Orange needles 


Violet needles 


Orange plates 


Orange needles 


Brown needles 


Orange needles 


Reddish-brown 
needles 


C, 60.6 
H, 4.4 
N, 14.7 
S, 13.4 
C, 64.3 
H, 4 .4  
N, 16.3 
S, 14.9 
c ,  54.5 
H, 3 .1  
N, 14.4 
S, 13.2 
c ,  57.4 
H, 3.5 
N, 18.2 
S, 13.9 
C, 62.7 
H, 4.6 
N, 15.2 
S, 13.9 
C, 65.0 
H, 4 .7  
N, 15.8 
S, 14.4 
C, 58.7 
H, 3.5 
N, 15.5 
S, 14.2 
C, 62.0 
H,  4.2 
N, 15.7 
S, 14.3 
C, 65.0 
H, 4.7 
N, 15.8 
S, 14.4 
c ,  53.4 
H,  3 .3  
N, 16.9 
S, 12.9 
C, 62.0 
H,  4.2 
N, 15.7 
S, 14.3 
C, 62.0 
H, 4.2 
N, 15.7 
S, 14.3 
c ,  57.4 
H,  3 .5  
N, 18.2 
S, 13.9 
C, 65.0 
H, 4 .7  
N, 15.8 
S, 14.4 
C, 52.2 
H, 2.9 
N, 19.4 
S, 12.6 


C, 60.2 
H, 4 . 0  
N, 14.4 
S, 13.0 
C, 64.0 
H, 4 .2  
N, 16.0 
S, 14.5 
c ,  54.4 
H, 2.7 
N, 14.6 
S, 13.0 
C, 57.6 
H, 3.4 
N, 17.9 
S, 13.3 
C, 62.5 
H, 4 .3  
N, 14.7 
S, 13.5 
C, 65.3 
H, 4 .5  
N, 15.5 
S, 14.1 
C, 58.2 
H, 3.2 
N, 15.2 
S, 13.8 
C, 61.6 
H,  4.6 
N, 15.6 
S, 14.0 
c ,  64.1 
H, 4.3 
N, 15.2 
S, 14.1 
C, 53.1 
H,  3 .0  
N, 16.4 
S, 12.5 
C, 62.4 
H, 3.8 
N, 15.5 
S, 13.9 
C, 62.2 
H, 3.0 
N, 15.2 
S, 13.8 
C, 51 .5  
H, 3.2 
N, 18.4 
S, 13.6 
C, 65.2 
H, 4 .5  
N, 15.4 
S, 14.1 
C, 52.0 
H, 2.7 
N, 19.0 s, 12.2 
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R-NH-N=C-C- CH, 
I II 


Table IV-Spectral Properties of 1 -Thiocarbamoyl-3-methyl-4-arylhydrazono-2-pyrazolin-5-ones~ O H c y  
np-c=s 


Sample 
No. R 


c=o c=c- NH, NH, As- Substituted 
CYCllC NH-N= C=N >c=s sociated Phenyl Ring 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 


2-MeOPh 
3-C1Ph 
2-NOzPh 
4-NOqPh 
4-SOZNHtPh 
2-MePh 


2.5-Me2Ph 
2,5-ClzPh 


3:MeOPh 
2.6- MenPh 
2:C1-4-N02Ph 


2-CI-6-MePh 
4-EtOPh 


4-MePh 
4-CIPh 


1665 
1680 
1675 
1680 
1675 
1670 
1675 
1670 
1670 
1675 
1680 
1680 
1670 
1670 
1675 


1550 
1552 
1550 
1550 
1550 
1550 
1550 
1552 
1550 
1552 
1550 
1550 
1550 
1552 
1550 


1615 
1595 
1600 
1600 
1595 
1610 
1612 
1605 
1600 
1598 
1590 
1595 
1605 
1600 
1600 


1430 
1410 
1420 
1410 
1410 
1430 
1410 
1435 
1420 
1435 
1435 
1425 
1430 
1410 
1415 


3365 
3360 
3370 
3365 
3365 
3370 
3375 
3375 
3380 
3375 
3370 
3385 
3360 
3365 
3370 


750 
745 
748 
755 
755 
758 
820 
815 
745 
780 
785 
760 
755 
750 
755 


IR (cm.-l) vmaX. (KBr disc). 


HLC-C-CHJ R-HN-N=C- C-CH,, 
I II 


O/C\N/N diazotized -+ O//C\N/N 
I II 


I aniline I 
I 


H,N-C=-S 
I 


I 
H2N--C=S 


I1 
diazoiiiuin S-CH 


H,N-C% ,C 
N 


S S-C-N=N-R It 
PhHN-C-HN-C\ ,C N 


V 
Scheme I 


EXPERIMENTAL3 
l-Thiocarbamoyl-3-methyl-2-pyrazolin-5-one-Thiosemicar bazide 


hydrochloride (12.7 g., 0.1 mole) was dissolved in water (30 ml.) 
and mixed with acetoacetic ester (13 ml., 0.1 mole). Ethyl 3-0x0- 
butyrate-p-thiosemiarbazone separated after 15 min. and recrystal- 
lized from ethanol as colorless needles, yield 19.09 g., 90%; m.p. 
92-93" (from ethanol) [lit. (12) m.p. 93"l. 


The latter (50 g.) was suspended in liquid ammonia (25 ml.) and 
thoroughly stirred until it gradually dissolved. The mixture was then 
made acidic with concentrated HC1. l-Thiocarbamoyl-3-methyl-2- 
pyrazolin-5-one precipitated and was recrystallized as colorless 
needles, yield 2.9 g., 7 6 z ;  m.p. 181-182" (from DMF-ethanol) 
[lit. (12) m.p. 180'1. 


1-Thiocarbamoyl-3 - methyl - 4 - (2 - methoxyphenylhydrazono) - 2- 
pyrazolin-5-one-o-Anisidine (2.5 ml., 0.02 mole) was dissolved in 
3 N HCI (2.5 ml.) and cooled to 0". Sodium nitrite (1.4 g., 0.02 
mole) dissolved in water (20 ml.) was gradually added. The diazon- 
ium salt solution was filtered into a well-cooled, stirred mixture of 
sodium acetate (5 g.) and 1-thiocarbamoyl-3-methyl-2-pyrazolin-5- 
one (3.14 g., 0.02 mole) in acetic acid (50 ml.). l-Thiocarbamoyl-3- 


Melting points were determined with a Kofler hot stage apparatus 
and are uncorrected. IR spectra were measured with a Beckman IR4 
spectrophotorneter. 


methyl-4-(2-methoxyphenylhydrazono)-2-pyrazolin-5-one started 
precipitating almost immediately. After standing for 2 hr., the pre- 
cipitate was filtered, washed with water, and recrystallized as orange 
needles, yield 4.3 g., 82%; m.p. 21&211" (DMF-ethanol). 


Anal.-Calcd. for Cl%H1,N502S: C, 49.4; H, 4.4; N, 24.0; S ,  
11.0. Found: C, 49.0; H,4.6; N, 23.6; S, 10.7. 


By adopting a similar procedure as above, several I-thiocarba- 
moyl-3-methyl-4-arylhydrazono-2-pyrazolin-5-ones, described in 
Table I, were obtained. 


2-Amino-4-phenylthiazole-A mixture of acetophenone (24.0 ml., 
0.2 mole), thiourea (30.4 g.,  0.4 mole), and iodine (50.8 g., 0.2 
mole) was heated overnight on a steam bath. This was cooled and 
extracted with ether (2 X 25 ml.) to remove unreacted acetophenone 
and iodine. The residue was then dissolved in hot water and filtered 
to remove sulfur and other impurities. The solution was cooled 
somewhat (about 20") and made alkaline with concentrated am- 
monia. The 2-amino-4-phenylthiazole thus precipitated was re- 
crystallized as long colorless needles, yield 38.7 g., 65%; m.p. 145" 
(from H20-ethanol) [lit. (13) m.p. 147"l. 
2-Amino-4-phenyl-5-phenylazothiazole-Aniline (1.85 g., 0.02 


mole) was dissolved in 3 N HCl(2.5 ml.) and cooled to 0". Sodium 
nitrite (1.4 g., 0.02 mole) dissolved in water (25 ml.) was added. 
The diazonium solution was filtered to a well-cooled suspension of 
2-amino-4-phenylthiazole (3.52 g., 0.02 mole) and sodium acetate 
(5 8.) in ethanol (50 ml.). After 2 hr., 2-amino-4-phenyl-5-phenylazo- 
thiazole was filtered and washed well with water. It was recrystal- 
lized as red needles, yield 4.5 g., 80%; m.p. 191-192" (from DMF- 
ethanol) [lit. (18) m.p. 195"]. 


Anal.-Calcd. for Cl,HlzN,S: C, 64.2; H, 4.2; N, 20.0; S, 11.4. 
Found: C, 63.7; H, 4.4; N, 19.6; S, 11.2. 


Similarly prepared 2-amino-4-p henyl-5-arylazothiazoles are sum- 
marized in Table 11. 


N-Phenyl- N' -2(4-phenyl-5 -phenylazothiazolyl)thiocarbamide- 
A mixture of phenyliaothiocyanate (1.35 g., 0.01 mole) and 
2-amino-4-phenyl-5-phenylazothiazole (2.80 g., 0.01 mole) in 
benzene (15 ml.) was refluxed for 6-8 hr. on a steam bath. The sol- 
vent was removed and the residue was repeatedly triturated with 
petroleum ether (b.p. 40-60") and then with ether. The crystalline 
thiocarbamide thus obtained was recrystallized from DMF- 
ethanol as deep red needles, yield 3.1 g., 75%; m.p. 241-242". 


Anal.-Calcd. forCz2H17N5SZ: C, 63.6; H, 4.1; N, 16.8; S, 15.4. 
Found: C, 63.2; H,  4.5; N, 16.6; S, 15.1. 


Similarly a number of N-phenyl-N'-2(4-phenyl-5-arylazothiazolyl)- 
thiocarbamides were prepared which are summarized in Table 111. 
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Release of Medroxyprogesterone Acetate 
from a Silicone Polymer 


T. J. ROSEMAN* and W. 1. HIGUCHIt 


Abstract The in uirro release of medroxyprogesterone acetate 
from a silicone rubber matrix was studied. A nonlinear dependence 
of release rate upon medroxyprogesterone acetate concentration 
within the matrix was found. Based upon a model system, equa- 
tions were derived to explain this behavior and to include other 
parameters which may influence the release rate. Since the model, 
in part, is dependent upon a receding medroxyprogesterone acetate 
layer within the matrix, a photograph depicting depletion zones as a 
function of time is presented. In contrast to the T. Higuchi model 
for drug release, this model includes the boundary diffusion layer. 
Comparison of the two models suggested that when the boundary 
layer was considered, a better fit of experimental data to theory was 
found. The applicability of the model to an in uiuo system is dis- 
cussed. This study has suggested that the partition coefficient, dif- 
fusion coefficients, medroxyprogesterone acetate concentration 
within the polymer, and agitation conditions play important roles 
in the release process. 


Keyphrases 0 Medroxyprogesterone acetate release rate, in 
uirro-physicochemical factors fJ Silicone rubber matrix- 
medroxyprogesterone acetate release Matrix boundary diffusion 
layer model-equations derived Partition coefficient-silicone, 
medroxyprogesterone acetate Vapor phase chromatography- 
determination 


~ ~ ~~~~~~~~ 


The use of a rubber material as a delivery system for 
various chemicals has been a subject of considerable 
interest. The B. F. Goodrich Co. (1) has recently 
incorporated toxic substances into a rubber matrix 
and observed effective antifouling activity for prolonged 
periods. Some therapeutic implications of silicone 
rubber as a drug delivery system have been described 
previously (2). 


The advantage of silicone rubber as a dosage form for 
medroxyprogesterone acetate has been discussed by 
Mishell et al. (3). It was shown that medroxyproges- 


terone acetate was readily absorbed from a vaginal 
device in sufficient quantity to  inhibit ovulation. This 
drug delivery system promises to  be a unique approach 
in the field of contraception. 


Although other investigators (4, 5) have studied the 
diffusion of drugs across silicone membranes, an in 
uitro study on the release of a drug embedded in a silicone 
matrix has not been presented. Therefore, the present 
study was designed to  investigate the physicochemical 
factors involved in the release of medroxyprogesterone 
acetate from a silicone matrix system. The interdepen- 
dence of various parameters can be described by mathe- 
matical relationships based upon a physical model 
which is an extension of concepts set forth by 
Higuchi (6). 


EXPERIMENTAL 


Medroxyprogesterone acetatecsiliconez cylinders, 4 cm. by 0.5 
cm., were prepared by levigating the required amount of drug into 
the elastomer and polymerizing with catalyst. The mixture was then 
forced into prewashed vinyl tubing and allowed to cure. After the 
cylinders were removed from the tubing and weighed, 24 were 
mounted between two circular disks and secured in a 3-1. jacketed 
beaker. Figure 1 is a schematic diagram of the in uitro dissolution 
apparatus. Distilled water from eight 5-gal. carboys was pumped 
at a rate of about 60 l./day through a 37” water bath, which pre- 
heated the water, into the beaker. The effluent was discarded into a 
drain. This constant flow of water approximates a “perfect sink” 
condition, i.e., there is no significant concentration build-up in the 
dissolution media. The same water bath provided 37” water which 
was continuously circulated through the walls of the beaker, 


1 The Upjohn Co.’s trademark for medroxyprogesterone acetate is 


2 Silastic Elastomer, Dow Corning Corp., Midland, Mich. 
Provera. 
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Trace Solvent Contamination as Determined 
by Surface Pressure Measurement 


JOEL L. ZATZ 


Abstract 0 Amphipathic contaminants, present in organic solvents, 
were detected by spreading the solvent on water and measuring its 
surface pressure. The method is quite sensitive and, in many cases, 
is superior to conventional techniques. 


Keyphrases 0 Solvent Contamination, trace-determination 0 
Contaminants in solvents-surface pressure effect 0 Surface pres- 
sure measurements-solvent contamination determination 


A number of instances have been reported in which 
the presence of small quantities of impurities caused a 
significant change in the properties of the system. For 
example, the stability of suspensions of channel black in 
toluene was increased considerably by the presence of 
traces of moisture in the solvent (1). Contact angle hys- 
teresis in experiments on wetting of solids by liquids has 
been ascribed to the presence of impurities (2). In studies 
of adsorption bysolids from the liquid phase a high order 
of solvent purity is necessary. Traces of contaminants 
may be preferentially adsorbed, leading to  spurious 
results (3). Similar considerations apply to work on 
monolayers. Surface-active impurities will be concen- 
trated at  the interface resulting in a considerable error. 
Grease from the fingers may represent an important 
source of contamination (4). 


Spectroscopy and chromatography are often used to 
check the purity of solvents. Both of these methods are 
capable of detecting small concentrations of foreign 
substances, under favorable conditions. However, 
spectroscopy is useful only at wavelengths at which the 
pure solvent does not itself strongly absorb. Of the 
various chromatographic techniques, gas chroma- 
tography is probably the most sensitive. Contaminants 
of very low volatility (polymers for example) may be 
sorbed so strongly by the column that they are not 
eluted for many hours. 


In this communication, another method for detecting 
solvent contamination is described. A small quantity of 
the liquid to  be tested is spread on an aqueous substrate. 
Water-insoluble molecules and a number of water- 
soluble amphipathic molecules and polymers will be 
concentrated at the air-water interface, causing changes 
in surface tension which are easily detectable. 


EXPERIMENTAL 


Water employed as the substrate was deionized and then dis- 
tilled in an all-glass still. All organic liquids were reagent or spectro 
grade. Glassware was cleaned in chromic acid cleaning solution 
prior to use. Near IR spectra were obtained using the Beckman 
DK-2 spectrophotometer. All gas chromatography was performed 
using a Perkin-Elmer vapor fractometer, model 154. A column of 
propylene glycol was employed; helium was the carrier gas. 


The Teflon surface balance has been previously described (5).  
Surface tension was determined by the Wilhelmy plate method (6),  
using a roughened platinum plate. The apparatus employed had a 


Table I-Surface Pressure of Pure Organic Liquids 
Spread on Water 


~~ 


Liquid 


~~~ 


Surface Pressure, 
dyneslcm. 


Hexane 
Benzene 
Isopropanol 
Acetone 


0.2 
0.2 
1.2 
0.7 


sensitivity of 0.1 dynes/cm. The water surface was swept with the 
Teflon barrier. Then 1 ml. of the organic liquid to be tested was 
placed dropwise on the water surface and allowed to spread. After 
a waiting time of 10 to 15 min. the barrier of the surface balance 
was moved so as to reduce the available surface area to 80 
and the surface tension was determined. 


RESULTS AND DISCUSSION 


The spreading experiments are summarized in Table I. Results 
are expressed in terms of surface pressure, which is the decrease in 
surface tension using a clean water surface as reference. All of the 
liquids tested had positive spreading coefficients (7), and spreading 
was observed visually in all cases. Volatile, poorly soluble liquids, 
such as benzene and hexane, would be expected to disappear very 
rapidly from the surface, producing a negligible surface pressure. 
However, even liquids as water-insoluble as these may diffuse 
through the surface layers of water and require some time for back 
diffusion to the surface and subsequent evaporation (8). For this 
reason, it is necessary to wait for about 10 min. after spreading 
before measuring surface pressure. Pure, insoluble liquids will 
then indeed yield no significant surface pressure (Table I). 


Molecules of water-soluble substances, such as isopropanol 
and acetone, are distributed between the surface and bulk regions, 
resulting in a low surface pressure (Table I). The surface pressure 
values obtained for these solvents were independent of surface area 
and persisted after the surface was swept clean. The observed sur- 
face pressures were therefore due to the presence of solvent mole- 
cules in the interface and not to impurities. Regardless of the solu- 
bility of the solvent, impurities concentrated at the surface cause 
large changes in surface pressure, which indicate their presence. 


The sensitivity of the spreading test was recently demonstrated 
in this laboratory. A sample of benzene spectrograde, taken from 
an old bottle which had been opened many times, gave a surface 
pressure of 11.3 dynes/cm. when spread on water. Near IR spectra 
of the contaminated benzene and of benzene known to be pure 
were identical. Gas chromatography at low attenuation of the 
impure sample yielded a large peak and a much smaller one (whose 
area was about 1/2000 that of the large peak). The pure sample of 
benzene produced the same two peaks of the same relative size. 


The impure sample of benzene was passed through a silica gel- 
alumina column. The purified material, spread on water, gave a 
surface pressure of 0.2 dynes, showing that the contaminant had 
been removed by the column. 


Assume, for purposes of calculation, that contamination oc- 
curred as a result of careless handling and that the contaminant 
was a skin lipid. Skin phospholipids spread on water occupy an 
area of about 80 to 100 A.* per molecule at moderate surface 
pressures (9). Under the conditions of the author's spreading test 
one could therefore be capable of detecting less than 10'6 molecules, 
or about 10-8 moles of contaminant. 


The spreading test may be extended to nonspreading liquids 
which are volatile or water-soluble. Such liquids may be deposited 
on the surface by first dissolving them in a solvent (e.g., hexane) 
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which is capable of spreading. The spreading test may also be 
applied in certain cases to the detection of solid contaminants, 
such as detergents which are leached by solvents. The recent report 
of silicones present in disposable syringes (10) suggests another 
possible application. Silicones are surface active; if spread on water, 
as little as 0.01 mg. can easily be determined ( 1  1). 


Although the spreading method is very sensitive, it is limited 
to those impurities which are not very volatile and which have some 
affinity for the surface. Included in this category are surfactants, 
lipids, most polymers, and some other materials such as steroids 
and antibiotics. The method is incapable of detecting, for example, 
the presence of low boiling homologs or isomers in hexane. Therefore 
it should not be considered a substitute for other methods of check- 
ing purity. Nevertheless, if it is necessary to determine trace quan- 
tities of surface-active impurities, the spreading method represents a 
convenient and efficient tool. 
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Anticholinesterase Activity of Some Degradation Products 
of Physostigmine 


B. A. HEMSWORTH and G .  B. WEST 


Abstract The anticholinesterase activities of four degradation 
products of physostigmine have been determined in uitro using 
biochemical and biological assay techniques and in uiuo by means 
of the rat chromodacryorrhea response. The degradation prod- 
ucts are at least 100 times less active than the parent compound as 
anticholinesterase agents. Eseroline, rubreserine, and eserine blue 
are effective in high concentrations against the cholinesterase of 
horse and rabbit plasma but are much less active against the red 
blood cell cholinesterase; they exert no inhibitory action on the 
two human cholinesterase enzymes. In uioo, the degradation prod- 
ucts are at least 1000 times less active than physostigmine. Lack of 
coloration of solutions of physostigmine does not necessarily 
indicate full anticholinesterase activity because a colorless product 
of hydrolysis, eseroline, possesses little or no anticholinesterase 
activity. 


Keyphrases 0 Physostigmine-degradation products 0 Anti- 
cholinesterase activity-physostigmine degradation products 0 
Biological assay-physostigmine degradation products 0 Iiz uitro 
assay-physostigmine degradation products activity 


When physostigmine in solution undergoes decom- 
position, a red-colored compound is formed which 
turns blue on further decomposition (1). Hydrolysis 
which initially removes the urethane grouping and pro- 
duces eseroline, a colorless compound (Scheme l), is 
followed by oxidation to yield rubreserine, a red mate- 
rial, which is converted into eserine blue or eserine 
brown. The molecular weight of eserine blue exceeds 
that of rubreserine and it has been suggested that con- 
densation of rubreserine with other physostigmine 
degradation products occurs at  this stage in the reaction. 


The end product of the degradation by heat or by expo- 
sure to oxygen and alkali is eserine brown. 


The anticholinesterase activity of these degradation 
products has been investigated. Their biological activity 
has particular relevance as solutions of physostigmine 
are used in ophthalmology. Furthermore, in the prepa- 
ration of eye drops sterilization is effected by filtration or 
by autoclaving the solution at 98 to 100” for 30 min. 
(BPC, Supplement, 1966) or by steam sterilization at 
121 ”. (USP XVII, 1965). This heating process may re- 
sult in decomposition of the physostigmine, with possi- 
ble loss of activity. A preliminary note concerning this 
work has been published (2). 


METHODS 


Warhurg Manometric Technique-The anticholinesterase activity 
of the different compounds was compared by this technique using 
horse serum (0.5 ml.) as the source of cholinesterase and acetyl- 
choline (0.5 ml.) at a final concentration of 0.0138 M ( 3 )  as the sub- 
strate. The pH value of the incubation mixture was controlled by 
adding 1.5 ml. of 0.04 Msodium bicarbonate (adjusted to pH 7.6 by 
the addition of hydrochloric acid) and each compound under test 
was added to 0.5 ml. of this bicarbonate solution before addition to 
the incubation flask. The total volume of fluid in each flask was 3 
ml. After gassing with a mixture of 95% nitrogen and 5% carbon 
dioxide for 10 min., the flasks were incubated at 37“ and the ma- 
nometers read at 10-min. intervals for 30 min. Values in the text are 
the mean of three experiments. Differences in percentage inhibition 
greater than 15 


Biological Assay Technique-Horse serum (0.1 ml.) was used as 
the source of cholinesterase, with acetylcholine as the substrate 
(2 ml. of 5 mcg./ml.). Each compound under test was dissolved in 2 


are significant ( p  = 0.05). 
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Figure 7-An aqueous suspension of coated DMHB crystals after 1 
year’s storage at ambient conditions (magniJcation: 0-1 equals 
63.9 g). 


illustrates the value of having a choice of materials and processes 
which can be used to arrive at the best formulation prior to clinical 
testing. In this instance, the PCD proved to be a useful addition to 
equipment available in these laboratories for the formulation of a 
suspension having a prolonged in Gitro release. 
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Correlation and Prediction of Rates of Alkaline Hydrolysis 
of Some Benzoate Esters 


RICHARD J. WASHKUHN*, SANGSOM REUTRAKUL, and JOSEPH R. ROBINSON 


Abstract 0 Rate constants have been determined for the alkaline 
hydrolysis of 36 p-substituted alkyl benzoates, and it is shown that 
these esters can be characterized on the basis of their rates of 
alkaline hydrolysis. Application of linear free-energy relationships 
allows calculation of alkaline hydrolysis rate constants for alkyl or 
aromatic p-substituted benzoate esters not included in this study. 
It is demonstrated that rates can be predicted for esters whether 
substituent variation is in the acyl or alkyl portion of the molecule 
by using the conventional Hammett treatment and the more recent 
alcohol dissociation model. 


Keyphrases 0 Benzoate esters-alkaline hydrolysis rates 0 Al- 
kaline hydrolysis rates-benzoate ester identification 0 Linear 
free-energy relationships-alkaline hydrolysis rate prediction 0 
UV spectrophotometry-reaction monitoring 


Earlier papers in this series (1-4) demonstrated that 
precise kinetic measurements can be a powerful tool in 
the identification of organic compounds. In addition, 
the large number of rate constants generated in these 
studies, under constant conditions, provides the neces- 
sary data for structure-reactivity relationships, mech- 
anistic interpretations, etc. The classes of organic 
compounds previously considered were: alcohols [rates 


of alkaline hydrolysis of their 3,5-dinitrobenzoate 
esters (l)], sugars [rates of oxime formation (2)], alipha- 
tic amines [rates of cinnamoylation (3)], and aliphatic 
esters [rates of alkaline hydrolysis (4)]. The present 
study demonstrates that rates of alkaline hydrolysis can 
be used to  identify aromatic esters and presents linear 
free-energy relationships to predict rates of alkaline hy- 
drolysis for esters not included in the study. 


EXPERIMENTAL 


Chemicals-Fisher certified acetonitrile was used without further 
purification after it was established that it was spectrally pure 
(from 220-300 mp) and that it had no anomalous effect on the rate 
of alkaline hydrolysis. All other chemicals were either analytical or 
reagent grade. Water was double distilled from acid permanganate 
in an all-glass distillation apparatus. 


All esters were prepared according to procedures outlined by 
Shriner et al. (5) with slight modification. The acyl chloride was 
reacted with the appropriate alcohol by heating under reflux for 30 
min. The reaction mixture was then taken up in chloroform and 
extracted with 5% NazCOa followed by water and finally dried with 
MgSOa. After removing the chloroform under vacuum, the ester 
remaining was purified by repeated recrystallization from water or 
from the alcohol representing the alkyl portion of the ester or, in the 
case of liquids, by vacuum distillation. 


Vol. 59, No. 6, June 1970 0 779 







Table I-Second-Order Rate Constants for the Alkaline 
Hydrolysis of Some Benzoate Esters" 


Number 
of 


Deter- 
k X lo4, mina- 


Ester I./msec. tions SDb 


Methyl benzoate 
Ethyl benzoate 
n-Propyl benzoate 
Isopropyl benzoate 
n-Butyl benzoate 
Isobutyl benzoate 
Methyl p-nitrobenzoate 
Ethyl p-nitrobenzoate 
n-Propyl p-nitrobenzoate 
Isopropyl p-nitrobenzoate 
n-Butyl p-nitrobenzoate 
Isobutyl p-nitrobenzoate 
Methyl p-chlorobenzoate 
Ethyl p-chlorobenzoate 
n-Propyl p-chlorobenzoate 
Isopropyl p-chlorobenzoate 
n-Butyl p-chlorobenzoate 
Isobutyl p-chlorobenzoate 
Methyl p-methylbenzoate 
Ethyl p-methylbenzoate 
12- Propyl p-methylbenzoate 
Isopropyl p-methylbenzoate 
n-Butyl p-methylbenzoate 
Isobutyl p-methylbenzoate 
Methyl p-fluorobenzoate 
Ethyl p-fluorobenzoate 
n-Propyl p-fluorobenzoate 
Isopropyl p-fluorobenzoate 
n-Butyl p-fluorobenzoate 
Isobutyl p-fluorobenzoate 
Methyl p-cyanobenzoate 
Ethyl p-cyanobenzoate 
n-Propyl p-cyanobenzoate 
Isopropyl p-cyanobenzoate 
n-Butyl p-cyanobenzoate 
Isobutyl p-cyanobenzoate 


6.08 
1.98 
1.67 
0.319 
1.41 
1.18 


275.5 
98.8 
76.0 
19.6 
63.4 
60.0 
19.1 
6.51 
5.11 
1.21 
3.49 
3.36 
2.65 
0.879 
0.671 
0.200 
0.568 
0.449 


4.05 
2.65 
0.623 
2.44 
1.90 


12.1 


195.0 
79.7 
52.6 
12.6 
41.9 
39.4 


2 
2 
3 
2 
2 
3 
6 
6 
5 
4 
3 
4 
4 
3 
3 
2 
4 
3 
4 
2 
3 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
5 
3 
5 
3 
4 


0.05 
0.02 
0.04 
0.05 
0.02 
0.07 
6.9 
3.9 
1.8 
1 . 3  
0 .8  
2.2 
0.45 
0.39 
0.65 
0.02 
0.29 
0.08 
0.20 
0.009 
0.04 
0.02 
0.03 
0.009 
0.2 
0.08 
0.07 
0.04 
0.06 
0.24 
2 .4  
1.50 
0.34 
0.24 
1.16 
1.50  


a In 50% vjv acetonitrile-0.02 M phosphate buffer at 25". b Standard 
deviation. 


Apparatus-pH Measurements and adjustments were made on a 
Corning model 12 pH meter with an expanded scale using a Beck- 
man type E3 wide-range glass electrode. The pH meter and electrode 
system was standardized against a phosphate buffer as described by 
Bates (6). 


Water bath temperatures were maintained to 0.1 O with Sargent 
Thermonitor electronic relays. The progress of the reactions was 
followed on either a Cary model 11 or 14 recording spectrophotom- 
eter with thermostated cell compartments. 


PROCEDURE 


Solvent System-Fifty milliliters of acetonitrile was added to an 
equal volume of a 0.02 M dibasic phosphate buffer, and the result- 
ing solution was brought to the appropriate pH with a few drops of 
concentrated NaOH solution. The acetonitrile-phosphate buffer 
solution gives a volume somewhat less than 100 ml. This solution 
was used for all kinetic determinations. 


Continuous Spectrophotometric Procedure-For reactions that 
had suficiently rapid rates so that they could be followed directly in 
the spectrophotometer, the following procedure was used. After 
equilibrating the solvent system to 25", 3 ml. of solvent was thor- 
oughly mixed with 50 pl. of a 1 X 10W M ester in acetonitrile solu- 
tion in a 1-cm. photometer cell. The reaction progress was moni- 
tored by following the disappearance of ester at an appropriate 
wavelength, benzoates at 242 mp, p-methyl benzoates at 250 mp, 
p-chlorobenzoates at 254 mp, p-fluorobenzoates at 244 mp, p-  
cyanobenzoates at 250 mp, and by the appearance of acid anion at 
290 mp in thep-nitrobenzoate case. 


Discontinuous Spectrophotometric Procedure-For esters with 
inconveniently long rates of reaction, the following sampling pro- 


cedure was used. One hundred milliliters of the buffer solution was 
prepared and brought to the appropriate pH. Two milliliters of 1 X 
10P M ester in acetonitrile solution was added to the buffer solu- 
tion, and the resulting mixture was placed in 5-ml. volumetric flasks 
which were stored in a 25" water bath. At appropriate time intervals 
the contents of two of the volumetric flasks were used to determine 
the concentration of remaining ester or acid anion. This sampling 
procedure was necessary due to the volatility of acetonitrile. 


Data Treatment-All experiments were carried out with a large 
excess of hydroxide ion and thus pseudo-first-order kinetics were 
observed. Pseudo-first-order rate constants were obtained in the 
usual manner and were converted to second-order rate constants by 
dividing by the hydroxide-ion activity. 


RESULTS 


Second-order rate constants were calculated for the various esters 
and are presented, together with standard deviations, in Table I. 
At least two rate determinations were made for each ester, and these 
were carried out at more than one pH value to ensure that the reac- 
tions were first-order in hydroxide ion. The pH range employed for 
these esters in this solvent system was from 12 to 13.4. Above pH 
13.4, phosphate precipitates; below pH 12, the rates are inconve- 
nientlyslow.The buffer capacity of the solvent system, for concentra- 
tions of ester employed in this study, was satisfactory from pH 11 to 
13.4. 


Correlations of structure and reactivity were made using the 
Hammett relationship (7) 


k 
ko 


log - = up 


and a modified form of the Hammett equation@) 


k log ko ~ = $ M  


For variation in the acyl portion of the ester molecule, substituent 
constants (u  values) were obtained from the literature (9) and were 
plotted against log rate constants.' For substituent variation in the 
alkyl portion of the ester molecule, $ values (8) were plotted against 
log rate constants. Representative plots for both of these treatments 
are shown in Figs. 1 and 2 .  Slopes, standard deviations, and correla- 


5.0 1,I 
-1.5 -1.0 -0.5 0.0 


@ 


Figure 1-Plot of the second-order rate constants for alkaline hy- 
drolysis of alkyl-substituted benzoate esters against $ values. Key: 
0, p-nitro benzoates; A, p-f7uoro benzoates, and 0, benzoates. 


1 The substituent constant for the g-fluoro group is reported to be 
0.06 (9) or 0.17 (10). Although neither value gave good correlations, 
the 0.06 u value was used in this study. 


780 0 Journal of Pharmaceutical Sciences 







2.ot 


2.7! 


z 


M 
s 
- ’ 3.5c 


4.25 


5.0t 


P /  


0.0 0.5 1.0 
0 


Figure 2-Plot oj the second-order rate constants for alkaline hy- 
drolysis of p-substituted alkyl benzoate esters against Hammett’s 
polar substituent constants. Key: 0, methyl benzoate esters; A, 
n-propyl benzoate esters, and 0,  isopropyl benzoate esters. 


tion coefficients for these plots and the remaining esters are shown 
in Table 11. 


DISCUSSION 


It is apparent from Table I that the rate of alkaline hydrolysis is a 
useful way to  identify these aromatic esters. The ratio of the largest 
to the smallest rate constants for these 36 esters is about 1600; with- 
in a given series the constants are sufficiently different so that any 
ester is easily differentiated from a similar member. It is also clear 
from thereportedrates that for someesters theratesareprohibitively 
slow, and this is obviously undesirable. However, sufficient rate data 
are presented to calculate the rates for a large number of esters. For 
many of these esters, this procedure will be a rapid, sensitive method 
which will be useful for characterization. 


For esters not included in this study, it is possible to calculate the 
rate of alkaline hydrolysis under the specific conditions of this study 
(solvent composition and temperature) by employing linear free- 
energy relationships. For substituent variation in the acyl compo- 
nent of the ester molecule, the Hammett equation has had great 
success in correlating rates and structural modifications. Table 11, 
Part 2, shows the excellent results that are obtained for the ester 
data generated in this study, using this procedure. Note that all of 
the correlation coefficients are better than 0.994, which is excellent. 
For changes in the alkyl portion of the molecule, the recently re- 
ported + values can be correlated with reaction rates. Theresults of 
this treatment are shown in Table 11, Part 1. The correlation coeffi- 
cients for this treatment are also excellent. Using both the Hammett 
relationship, which uses the dissociation of aromatic acids as the 
model process, and the + values, which are based on the dissociation 
of alcohols as the model process, it is possible to predict the rate of 
alkaline hydrolysis for any ester where the u value (the acyl com- 
ponent) and + value (the alkyl component) have been determined. 


Table 11-Correlation of Relative Reaction Rates (log k/k,,) 
with Substituent Constants for Some Aromatic Esters 


Ester Series Mb SDc R d  


Part 1 Substituent Variations in the Alkyl Component“ 
p-Methyl benzoates 0.772 0.030 0.997 
Benzoates 0.816 0.023 0.999 
p-Fluoro benzoates 0.832 0.039 0.997 
p-Chloro benzoates 0.776 0.051 0.994 
p-Cyano benzoates 0.771 0.016 0.995 
p-Nitro benzoates 0.734 0.018 0.999 


Part 2 Substituent Variations in the Acyl Componente 
Ester Series P f  S Dc Rd 


Methyl benzoates 2. I38 0.079 0.996 
Ethyl benzoates 2.213 0.093 0.995 
Propyl benzoates 2.184 0.049 0.999 
Isopropyl benzoates 2.233 0.061 0.998 
Butyl benzoates 2.158 0.077 0.996 
Isobutyl benzoates 2.243 0.055 0.998 


~ ~~~~~~~ 


.The alkyl substituents for all series in this group were methyl, 
ethyl, n-propyl, isopropyl, n-butyl, and isobutyl. b M is the least-squares 
fitted slope of a log (rate constant) us. 4 plot. c Standard deviation of 
points from the line. d Correlation coefficient for the line. c The acyl 
substituents for all series in this group were p-methyl, p-hydrogen, p- 
fluoro, p-chloro, p-cyano, and p-nitro. f p is the least-squares fitted slope 
of a log (rate constant) us. u plot. 


This is accomplished by simple extrapolation or interpolation of the 
log rate constant uersus substituent constant plot. 


Other procedures are available to predict rates of hydrolysis for 
esters when structure variations are made in both the acyl and alkyl 
portions of the ester molecule (1 1). These procedures are empirical in 
nature and have undesirable features associated with them. A 
thorough discussion of the two procedures, as well as the mecha- 
nistic significance of the slopes generated in this study, will be the 
subject of another publication. 
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Books 


REVIEWS 


Methodenlehre der therapeutisch-klinischen Forschung. By P. MAR- 
TINI, G. OBERHOFFER, and E. WELTE. 4th ed. Springer-Verlag, 
New York, N. Y., 1968. viii + 495 pp. Price $37.00. (In German) 
The 4th, new, and completely revised edition of the original book 


of the late P. Martini is the legacy of this pioneer of exact clinical- 
therapeutic research. The three basic requirements for meaningful 
research are reliable clinical standards, the exclusion of secondary 
complicating factors, and the use of mathematical comparisons for 
the objective evaluation of clinical results. The discussion of these 
aspects is the thematic center of the book of Martini, Oberhoffer, 
and Welte. The large amount of scientific information is very well 
organized and clearly written. 


After an interesting historical review the fundamentals of clinical 
therapeutic research in the experimental phase and the unity of 
clinical and experimental research are discussed in Chapters 2 and 
3. In particular the causality and expediency of medical research and 
especially the common necessary suppositions in experiments are 
treated. In a special, very instructive chapter, important co-factors 
(“Mitursachen”) in therapeutic problems are described. In particu- 
lar the exclusion of these disturbing factors and the role of side ef- 
fects in clinical research are characterized. A large part of the book 
deals with the problems of statistics, data processing, and documen- 
tation. It is up-to-date and presented in such a way that it is easily 
understandable even for nonspecialized readers. The fundamental 
principles of statistics, the influence of variables on the mean value 
and deviation, data processing, and programming as applied in 
clinical research are presented. The largest part of the book is con- 
cerned with the special methodology of clinical-therapeutic re- 
search in selected diseases such as scarlet fever, diphtheria, malaria, 
hepatic and lung diseases, high blood pressure, heart insufficiency, 
kidney and gastric diseases, and many others. These discussions are 
particularly oriented toward the selection of reliable clinical 
standards and the application of mathematical comparisons. The 
influence of individual, collective, and psychological factors in 
some special organ diseases are also discussed. 


The appendix contains instructive statistical tables, computer pro- 
grams, and a detailed literature index and also a separate author 
register. This arrangement appears to be effective and useful. The 
copiously equipped book is recommended to everyone working in 
the field of’ medical research and data processing. 


Reuiewed by:  Joachim K. Seydel 
Department of Pharmaceutical Chemistry 
Forschungsinstitut Borstel 
Institut f i r  Experimentelle Biologie und Medizin 
Hamburg, West Germany H 


Aromatic Nucleophilic Substitution. By JOSEPH MILLER, in Reaction 
Mechanisms in Organic Chemistry, monograph 8. Edited by C. 
EABORN and N. B. CHAPMAN, Elsevier Publishing Co., 335 Jarvan 
Galenstraat, P.O. Box 21 1,  Amsterdam, The Netherlands, 1968. 
xi + 408 pp. 14.5 X 22 cm. Price $23.50. 
This monograph represents a comprehensive review and inter- 


pretation, both quantitative and qualitative, of a multiplicity of 
aromatic nucleophilic substitution reactions including S N ~ ,  activated 
S,v2 and benzyne mechanisms, charge-transfer and covalent com- 
plexes. These mechanisms as well as a brief summary of side reac- 
tions, kinetic evidence, and energetics of substitution reactions are 
introduced in Chapter 1 (26 pp.). Chapter 2 (1 1 pp.) considers the 
S N ~  mechanism in greater detail; Chapter 3 (18 pp.) similarly dis- 
cusses the benzyne or elimination-addition mechanism. The last 
Chapter 9 (23 pp.) considers less common aromatic SN reactions 
while Chapter 7 (73 pp.) summarizes and interprets results obtained 
when studying nucleophilic substitution in nonbenzenoid aromatic 
systems. Comparison is made between homo- and heterocyclic 
organic systems ; heterocyclic systems are desirably categorized as 
*-excessive and *-deficient. Considerations of inorganic and other 
nonbenzenoid aromatic systems (tropylium ions, quinones, etc.) 
conclude Chapter 7. 


While the entire monograph is well written, this reviewer found 
Chapter 4 (72 pp.) concerning substituent effects in aromatic SN re- 
actions to be presented in a particularly interesting and informative 
manner. Pan-activating substituents, which is a term introduced by 
the author to “denote a substituent which is able to activate electro- 
philic, nucleophilic and radical substitution in an aromatic ring to 
which it is attached,” are discussed along with a consideration of the 
effects of most functional groups on SN versus S E  reactions. Hammett 
and related treatments, Dewar’s proposal concerning the mode by 
which a substituent may affect a distant reaction center, the effect of 
0, p ,  m and two or more substituents on aromatic SN reactions are 
topics discussed in a complete and concise manner. Substituents are 
classified into eight groups dependent upon their chemical nature; 
the influence of each group of functions is comparatively discussed 
when they are bondedp, 0, and m to the leaving group. 


Chapter 5 (40 pp.) dealing with the leaving group, Chapter 6 
(30 pp.) concerning the nucleophile, and Chapter 8 (47 pp.), which 
considers the medium (solvent), catalytic and steric effects, are very 
informative and are of interest to synthetic as well as theoretical 
chemists. Subjects discussed in these chapters are treated quantita- 
tively and qualitatively in terms of aromatic SN* and ShT2 reactions. 
Chapter 8 also considers photo and metal ion catalysis. Experi- 
mental results, along with their interpretation, are presented in all 
chapters. The monograph is well referenced into 1967 and is not 
only of value to the practicing chemist, but to the student who is 
presently studying theoretical organic chemistry on a graduate 
level. 


Reviewed by Donald T. Witiak 
Division of Medicinal Chemistry 
College of Pharmacy 
The Ohio State University 
Columbus, OH 43210 H 


The Chemistry and Physics of High Energy Reactions. By ERNEST J. 
HENLEY and EVERETT R. JOHNSON. University Press, 641 1 Chillum 
Place, N.W., Washington, D.C., 1969. vi + 475 pp. 15 X 23 cm. 
Price $18.50. 
This volume is intended to provide a coherent textbook as an easy 


entree for the novice in the field of radiation chemistry. The material 
is presented in thirteen chapters in a high level, mathematical man- 
ner. Material is presented on units, radiation, radioactivity, and 
general nomenclature; interaction of radiation with matter; radia- 
tion sources; and radiation dosimetry. Other topics include radia- 
tion chemistry of gases, solids, water, and aqueous systems, as well 
as the effects of radiation on liquid hydrocarbons, polymers, and 
radiation-induced polymerizations. 


Throughout the book the authors insert numerous example prob- 
lems which are very useful for the comprehension of concepts. Also 
included are a multitude of tables and figures containing significant 
data. The text is broad in scope, rather cursory on certain topics, but 
provides excellent in-depth information on many areas of radiation 
chemistry. Although it is the stated intent of the authors to limit ref- 
erences, additional citations in areas discussed briefly would be 
helpful to the reader. 


In summary, this book is a complete, well-prepared text which is 
most valuable as a reference or textbook for the radiation chemist 
and as a reference for the radiobiologist. 
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addressed to E. Sandell, postal giro account number 15 84 49, 
Postgirokontaret, Stockholm 1, Sweden. 
Professor Sandell intends to present a “basic course in Pharma- 


ceutics and Galenical Pharmacy and . . . to direct more specialized 
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Release of Medroxyprogesterone Acetate 
from a Silicone Polymer 


T. J. ROSEMAN* and W. 1. HIGUCHIt 


Abstract The in uirro release of medroxyprogesterone acetate 
from a silicone rubber matrix was studied. A nonlinear dependence 
of release rate upon medroxyprogesterone acetate concentration 
within the matrix was found. Based upon a model system, equa- 
tions were derived to explain this behavior and to include other 
parameters which may influence the release rate. Since the model, 
in part, is dependent upon a receding medroxyprogesterone acetate 
layer within the matrix, a photograph depicting depletion zones as a 
function of time is presented. In contrast to the T. Higuchi model 
for drug release, this model includes the boundary diffusion layer. 
Comparison of the two models suggested that when the boundary 
layer was considered, a better fit of experimental data to theory was 
found. The applicability of the model to an in uiuo system is dis- 
cussed. This study has suggested that the partition coefficient, dif- 
fusion coefficients, medroxyprogesterone acetate concentration 
within the polymer, and agitation conditions play important roles 
in the release process. 


Keyphrases 0 Medroxyprogesterone acetate release rate, in 
uirro-physicochemical factors fJ Silicone rubber matrix- 
medroxyprogesterone acetate release Matrix boundary diffusion 
layer model-equations derived Partition coefficient-silicone, 
medroxyprogesterone acetate Vapor phase chromatography- 
determination 


~ ~ ~~~~~~~~ 


The use of a rubber material as a delivery system for 
various chemicals has been a subject of considerable 
interest. The B. F. Goodrich Co. (1) has recently 
incorporated toxic substances into a rubber matrix 
and observed effective antifouling activity for prolonged 
periods. Some therapeutic implications of silicone 
rubber as a drug delivery system have been described 
previously (2). 


The advantage of silicone rubber as a dosage form for 
medroxyprogesterone acetate has been discussed by 
Mishell et al. (3). It was shown that medroxyproges- 


terone acetate was readily absorbed from a vaginal 
device in sufficient quantity to  inhibit ovulation. This 
drug delivery system promises to  be a unique approach 
in the field of contraception. 


Although other investigators (4, 5) have studied the 
diffusion of drugs across silicone membranes, an in 
uitro study on the release of a drug embedded in a silicone 
matrix has not been presented. Therefore, the present 
study was designed to  investigate the physicochemical 
factors involved in the release of medroxyprogesterone 
acetate from a silicone matrix system. The interdepen- 
dence of various parameters can be described by mathe- 
matical relationships based upon a physical model 
which is an extension of concepts set forth by 
Higuchi (6). 


EXPERIMENTAL 


Medroxyprogesterone acetatecsiliconez cylinders, 4 cm. by 0.5 
cm., were prepared by levigating the required amount of drug into 
the elastomer and polymerizing with catalyst. The mixture was then 
forced into prewashed vinyl tubing and allowed to cure. After the 
cylinders were removed from the tubing and weighed, 24 were 
mounted between two circular disks and secured in a 3-1. jacketed 
beaker. Figure 1 is a schematic diagram of the in uitro dissolution 
apparatus. Distilled water from eight 5-gal. carboys was pumped 
at a rate of about 60 l./day through a 37” water bath, which pre- 
heated the water, into the beaker. The effluent was discarded into a 
drain. This constant flow of water approximates a “perfect sink” 
condition, i.e., there is no significant concentration build-up in the 
dissolution media. The same water bath provided 37” water which 
was continuously circulated through the walls of the beaker, 


1 The Upjohn Co.’s trademark for medroxyprogesterone acetate is 


2 Silastic Elastomer, Dow Corning Corp., Midland, Mich. 
Provera. 
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Figure I-Dissolution apparatus for silicone cylinders, 


thereby maintaining a constant temperature during dissolution. The 
solution was agitated by an impeller which was driven by a Servo- 
dyne drive system3 The impeller was situated in the center of the 
beaker and extended to the bottom of the cylinders. Its location was 
fixed for all experiments. 
In order to quantitate the initial release rates, the effluent was 


collected, extracted, and assayed for its medroxyprogesterone acetate 
content by a modified USP procedure (7). The long time release data 
(1 week or greater) was obtained by withdrawing the cylinders and 
determining the residual medroxyprogesterone acetate content by 
vapor phase chromatography. The difference between the initial 
and final values gave the amount lost at any given time. 


The zones of depletion were measured microscopically with a 
calibrated reticule. Cross-sectional slices of the cylinder were used 
for the measurement. 


The partition coefficient of medroxyprogesterone acetate was 
determined by equilibrating flat sheets (about 7 X 2 X 0.05 cm.) of 
the silicone material in a solution of tritium-labeled medroxyproges- 
terone acetate at 37". Sheets were removed at 1-day and 4-day inter- 
vals to ensure that equilibrium had resulted. They were then ex- 
tracted with methylene chloride and the solvent evaporated to dry- 
ness. After the addition of 15 ml. of Diotol counting solvent, the 
samples were counted in a liquid scintillation spectrometer. The 
partition coefficient was calculated by dividing the counts per 
volume in the equilibrated solution by counts per volume in the 
silicone sheet. 


THEORETICAL CONSIDERATIONS 


The mechanisms of drug release from various matrix systems 
have previously been discussed (6). It was assumed that the rate- 
limiting step was the diffusion of drug from the matrix (matrix 
controlled). Under certain conditions, it is conceivable that the rate 
of diffusion from the surface of the matrix to the surrounding bulk 
solution will make a significant contribution to  the total diffusional 
process. Therefore, the mathematics for this system (matrix-bound- 
ary diffusion layer model) is presented for two geometric cases. The 
assumptions in the derivations are: (a)  A pseudo-steady state 
exists; (b) A >> C,, the concentration of drug in the matrix is much 
greater than its solubility in the matrix; (c)  the diffusion coefficients 
are constant; (4 diffusion is the rate-controlling step, rather than 
dissolution; (e) the diffusional process occurs through the matrix 
phase rather than through pores or channels within the matrix. 


Planar Case-Figure 2 is a hypothetical diagram of the matrix- 
boundary diffusion layer model. The rate of diffusion across a plane 
of unit area is given byiFick's law, 


dC 
dx 


G = - D -  


where C is the rate of diffusion across the plane, dCJdx is the concen- 
tration gradient, and D is the diffusion coefficient. The amount 
depleted from the matrix per unit time per unit area becomes 


8 Cole Parmer, Chicago, 111. 
4 Packard Tri-Carb, Packard Instrument Co. 
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where C, and D ,  are the solubility and effective diffusion coefficient, 
respectively, in the matrix phase, C,' is the concentration in the 
matrix at x = 0, and I is the diffusional distance (zone of depletion). 
The effective diffusion coefficient is given by 


where E is the volume fraction of the matrix, 7 is the tortuosity of the 
matrix, and D, is the diffusion coefficient in the matrix phase. It 
follows that the rate of diffusion across the diffusion boundary 
layer (h,) is given by 


de = 5 [C,' - C&)l 
dt ha 


where D ,  is the diffusion coefficient in the aqueous phase, Ca' the 
concentration in water at x = 0, and CB the concentration at x = 
h,. Equating Eqs. 2 and 4, under steady-state conditions, utilizing 
the relationship 


(Eq. 5 )  c a  Ca' 
c ,  C,' 


K = - = -  


where C, is the solubility in the aqueous phase, and Kis the partition 
coefficient, and solving €or C*', the rate becomes 


For the condition A >> C,, where A is the concentration of drug in 


STIRRED 
SOLUTION B 


SOL1 D 
DRUG 


x :  I x = o  x = h, 


MATRIX 


Figure 2-Hypothetical diagram for the matrix-boundary diffusion 
layer model. 







SOLID D R U G  
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Figure 3-Schematic diagram of a cross-sectional uiew of a cylinder 
where 1 = a. - a’. 


the matrix, the rate of release per unit area is 


dt dt 


Equating Eqs. 5 and 6 and simplifying give 


D. 1‘ C B W t  0%. 8) 


Integrating and setting CB = 0 (“perfect sink” condition) the above 
reduces to 


Since 


Q = A1 (Eq. 10) 


Eqs. 9 and 10 define the Q versus t plots. When I z  >>2Dk,l/KD,, 
Eq. 9 reduces to the matrix-controlled process, 


(Eq. 11) 


It follows that 


Q = (2AD,C,t)’/z 0%. 12) 


Equations 11 and 12 have been derived previously (6). 
Cylindrical Case-The equations describing the release of a drug 


from a cylindrical matrix can be derived using the basic relation- 
ships that exist in the planar system. The amount (Q‘) depleted 
per unit time is 


where h is the height of the cylinder and a is the radius of the area 
under consideration. All other symbols have been defined pre- 
viously. Since, according to  Fig. 3, C = C, at a = a’ and C = C,’ 
at o = ao, integration of Eq. 13 yields 


1 2 3 4 5 
TIME. WEEKS 


Figure &Total amount of medroxyprogesterone acetate released 
from silicone cylinders as a function of rime for three concentrations. 
Key: o = 3.OZ;A = 12.0%; 0 = 24.0%. 


Assuming CB = 0, the rate of diffusion from the surface is given by 


C. ’ dQ‘ = 2rhaoDa 
dr ha 


After equating Eqs. 14 and 15, substituting Eq. 5,  solving for Ca’, 
and rearranging, the rate becomes 


de’ = 2rhaoKDa ~ DeCA 
U’ 


a0 


ha ( -KD,ao In - + D.h, dt 


For A >> C. 


Equating Eqs. 16 and 17: 


Integration and substitution yield 


For the matrix-controlled system, this reduces to 


15 1- 


, 
1 2 3 


TIME, WEEKS 


Figure .?-Rate as a function of time for three medroxyprogesterone 
acetate concentrations in silicone cylinders. Key: 0 = 3.0%; 
A = 12.0%; 0 = 24.0%. 
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Figure 6-Three-week rvlease rate from silicone cylinders versus 
medroxyprogesterone acetate concentration. 


Since 


Eqs. 19 or 20 and 21 define the Q' versus t plots. 


RESULTS AND DISCUSSION 


Figures 4 and 5 show the amount of medroxyprogesterone acetate 
released ( Q ' )  and the rate of release respectively as a function of 
time for the silicone cylinders at three medroxyprogesterone acetate 
concentrations. It is interesting to note that the initial rates (Fig. 5 )  
are relatively constant while at later times there is a nonlinear 
dependence of rate upon concentration. Figure 6 shows this depen- 
dence at 3 weeks. As the medroxyprogesterone acetate diffuses from 
the matrix, rather well-defined zones of depletion develop. An 
example of the zones at various times is illustrated in Fig. 7 for a 
transparent silicone material. Initially, the transparent material is 
rendered opaque by the presence of medroxyprogesterone acetate. 
As the medroxyprogesterone acetate diffuses from the matrix, clear 
zones result. The longer release times show the larger zones. The 
unique advantage of this system is that the zones can be measured 
directly. These then can be compared to theoretical values. The 
value of Q' can be evaluated from Eq. 21 as long as A >> C,. 


Although Eq. 20 was not reported by Higuchi (6), its derivation 
follows from the other geometric cases which were presented for the 
release from a homogeneous matrix. Equation 19 represents an 
extension of Eq. 20 which includes the aqueous boundary diffusion 
layer. To compare the theories, the following values were assigned: 


C, - The solubility of medroxyprogesterone acetate in water at 
37" is 3.25 X mg./ml. 


Da - The diffusion coefficient in water was determined from the 
Sutherland-Einstein equation (8). The calculated value was 
6.54 X 10-6 cm.2/sec. 


Figure 7-Cross-sectional views of silicone (transparent) cylinders. 
Key: A = placebo; B = drug-filed initial; C = 1 week: D = 2 
weeks: E = 3 weeks; F = 4 weeks. 


1 2 3 4 5 6 7 
TIME, WEEKS 


Figure 8-Thickness of depletion zone as a function of time for 
medroxyprogesterone acetate-silicone cylinders. Curves drawn are 
based upon theoretical calculations for the matrix-controlled model. 
The symbols represent experimental data. Key: 0 = 3.0%; A = 
12.0z; = 24.0%. 


h, - The thickness of the diffusion layer, calculated from the 
expression h, = D,C,/Gi where Gi is the initial rate, was 
66.8 X 10-4cm. 


K - The value of K was determined to be 0.033 =k 0.003. 


The values of E ,  volume fraction of the polymer, and 7, tortuosity, 
have not been given since these are incorporated into an effective 
diffusion coefficient. Due to the presence of vacuoles, drug, and 
filler. the value of e will be less than one. The tortuosity factor 
accounts for indirect pathways that may result from presence of 
filler within the matrix. 


Since I = a. - a', Eqs. 19 and 20 were compared considering 1 as 
the variable. The continuous lines in Fig. 8 show I as a function of 
time as calculated from Eq. 20, for the matrix-controlled case, at 
three different medroxyprogesterone acetate concentrations. The 
value of D ,  was chosen to be 2.0 X lo-' cm.ysec. to fit the data for 
A = 30 mg./cm. The symbols represent the experimental points. A 
similar plot is given in Fig. 9, the I values being calculated from 
Eq. 19, for the matrix-boundary diffusion layer model. In this case 
D, was chosen to  be 2.6 X lop7 cm.2/sec. to fit the data for A = 30 
mg./cm.3 Comparison of Figs. 8 and 9 indicates that the matrix- 
boundary diffusion layer model gives a better fit of theory with 
data. If Eq. 19 represents the correct model, then an increase in ha 
should increase the time to reach a given I distance. Since ha is 
dependent on hydrodynamic flow, a decrease in stirring rate should 
result in a higher ha value. The effect of stirring for A = 30 mg./cm.3 
is illustrated in Fig. 10. The corresponding h, value, calculated from 
initial rate data for the 70 r.p.m. experiment, is 146 X 10-4 cm. 
Inserting this value back into Eq. 19 and recalculating [as a function 
of time resulted in good agreement of theory with experimentally 
measured Ivalues. Further support of the matrix-boundary diffusion 


0.08 
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i -- 0.04 


0.02 


1 2 3 4 5 6 7 
TIME, WEEKS 


Figure 9-Thickness of depletion zore as a function of time for  
medroxyprogesterone acetate-silicone cylinders. Curves drawn are 
based upon theoretical calculations for the matrix-boundary diffusion 
model. The symbols represent experimental data. Key: 0 = 3.0%; 
A = 12.0%; 0 = 24.0%. 
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Figure 10-Thickness of depletion zone as a function of time for 
3.0 medroxyprogesterone acetate-silicone cylinders. Key: A = 
700 r.p.m.; 0 = 70 r,p.m. 


layer model stems from an examination of initial rate data. For a 
purely matrix-controlled system, initial steady-state rates would be 
dependent upon ( ,4) ’ ’2 .6  Figure 5 shows that this is clearly not the 
case. The initial rates are relatively constant. 


Although it appears that Eq. 19 is operating, it would be of 
interest to determine the limits of its applicability. Setting a = 
D,C,h,/D.C. for the planar case Eq. 9 (recalling that K = C,/C,), 
it can be shown that when a << I ,  variation in stirring rates would 
not affect the release rates, since the release of the drug would be 
matrix controlled. For drugs with high values for a,  i.e., (Y I ,  the 
effects of agitation would be significant, and therefore the matrix- 
boundary diffusion layer model would apply. It can be seen that the 
values of C,, D,,  C; ,  and D ,  determine which model is operating. 
An analogous situation exists in the area of the kinetics of dyeing 
(9). It would be expected that compounds of similar molecular size 
and weight would exhibit relatively constant DJDa values. Since 
the CJC, ( K )  ratios are more sensitive to molecular structure, they 
can vary quite markedly (10). This would suggest that the partition 
coefficient can substantially influence the drug release mechanism. 
It follows then that compounds which have relatively small K values 
would follow the matrix-boundary diffusion layer model, while 
those with large values would be solely matrix controlled. Future 
studies will be designed to explore the relationship of K to the 
release mechanism. 


Analyses of in uiuo data from medroxyprogesterone acetate- 
silicone vaginal devices suggest that the amount released per time 
per unit area is considerably less than the in uitro system. If it is 
assumed that the contributing factor6 to these results is a larger 
aqueous diffusion layer, then the in oioo data can be compared to 
theory by utilizing Eq. 19. Based upon the data, ha can be estimated 
at 580 X 10-4 cm. This value can now be inserted back into Eq. 19 
and utilizing Eq. 21, a theoretical plot of Q’ uersus t can be obtained, 
Fig. 11. All other parameters have been previously defined. The plot 
is made for four concentrations: 10 mg./~rn.~, 20 mg./~m.~,  40 
mg./cm. 3, and 80 mg./cm. 3. The symbols in Fig. 11 represent the in 
uioo data, determined by residual analyses of the device for its drug 
content. Considering the assumptions which were made, the agree- 
ment of theorywith data is acceptable. It is interesting to note thatthe 
curves are initially similar while at 21 days the lower concentration 
gives a substantially lower dose of drug. It is apparent that the 
effect of concentration is relatively minor until the zones of depletion 
are sufficiently large. 


CONCLUSIONS 


A model system was presented for the release of a water-insoluble 
steroid, medroxyprogesterone acetate, embedded in a solid silicone 


~~~ 


5 This can be derived from Eq. 12. It can also be. shown that up!o 50% 
release the plane surface I S  a good approximation for the cylindrical 
surface. 


6 Other factors such as the formation of an interfacial layer or lack of 
“perfect sink” conditions could also be important. 


5 10 15 20 25 30 0 
TIME, DAYS 


Figure 11-Release profiles for medroxyprogesterone acetate- 
silicone devices. Curves are theoretical while symbols are in vivo 
data. Key: 0 = 10 mg./cm.3-A; A = 20 mg./cm.3-B; 0 = 40 
mg./cm.8-C; 0 = 80 mg./cm.”D. 


rubber. The experimental findings were not totally consistent with 
concepts already set forth for matrix systems. Therefore, a modelwas 
developed which considered the boundary diffusion layer. In this 
instance, equations were consistent with the experimental results. 
The amount of drug present within the matrix (A) ,  the diffusion 
coefficients in the solid and aqueous phases, and the partition coeffi- 
cient ( K ) ,  were included. The dependence of the amount released 
(Q’) upon A was in agreement with the values calculated from 
theory. It was suggested that the partition coefficient strongly 
influenced the release mechanism. 


The applicability of the model to an in uiuo system was also 
evaluated. Based on the assumption that the slower release 
observed in oivo was due to a larger boundary diffusion layer, plots 
were made for the theoretical in oioo release at four drug levels 
within the matrix. Except for the thickness of the diffusion layer, all 
parameters were the same as the in uitro system. The amount of 
medroxyprogesterone acetate lost after 3 weeks from vaginal devices 
was qualitatively in agreement with the theoretical values. 
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which is capable of spreading. The spreading test may also be 
applied in certain cases to the detection of solid contaminants, 
such as detergents which are leached by solvents. The recent report 
of silicones present in disposable syringes (10) suggests another 
possible application. Silicones are surface active; if spread on water, 
as little as 0.01 mg. can easily be determined ( 1  1). 


Although the spreading method is very sensitive, it is limited 
to those impurities which are not very volatile and which have some 
affinity for the surface. Included in this category are surfactants, 
lipids, most polymers, and some other materials such as steroids 
and antibiotics. The method is incapable of detecting, for example, 
the presence of low boiling homologs or isomers in hexane. Therefore 
it should not be considered a substitute for other methods of check- 
ing purity. Nevertheless, if it is necessary to determine trace quan- 
tities of surface-active impurities, the spreading method represents a 
convenient and efficient tool. 
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Anticholinesterase Activity of Some Degradation Products 
of Physostigmine 


B. A. HEMSWORTH and G .  B. WEST 


Abstract The anticholinesterase activities of four degradation 
products of physostigmine have been determined in uitro using 
biochemical and biological assay techniques and in uiuo by means 
of the rat chromodacryorrhea response. The degradation prod- 
ucts are at least 100 times less active than the parent compound as 
anticholinesterase agents. Eseroline, rubreserine, and eserine blue 
are effective in high concentrations against the cholinesterase of 
horse and rabbit plasma but are much less active against the red 
blood cell cholinesterase; they exert no inhibitory action on the 
two human cholinesterase enzymes. In uioo, the degradation prod- 
ucts are at least 1000 times less active than physostigmine. Lack of 
coloration of solutions of physostigmine does not necessarily 
indicate full anticholinesterase activity because a colorless product 
of hydrolysis, eseroline, possesses little or no anticholinesterase 
activity. 


Keyphrases 0 Physostigmine-degradation products 0 Anti- 
cholinesterase activity-physostigmine degradation products 0 
Biological assay-physostigmine degradation products 0 Iiz uitro 
assay-physostigmine degradation products activity 


When physostigmine in solution undergoes decom- 
position, a red-colored compound is formed which 
turns blue on further decomposition (1). Hydrolysis 
which initially removes the urethane grouping and pro- 
duces eseroline, a colorless compound (Scheme l), is 
followed by oxidation to yield rubreserine, a red mate- 
rial, which is converted into eserine blue or eserine 
brown. The molecular weight of eserine blue exceeds 
that of rubreserine and it has been suggested that con- 
densation of rubreserine with other physostigmine 
degradation products occurs at  this stage in the reaction. 


The end product of the degradation by heat or by expo- 
sure to oxygen and alkali is eserine brown. 


The anticholinesterase activity of these degradation 
products has been investigated. Their biological activity 
has particular relevance as solutions of physostigmine 
are used in ophthalmology. Furthermore, in the prepa- 
ration of eye drops sterilization is effected by filtration or 
by autoclaving the solution at 98 to 100” for 30 min. 
(BPC, Supplement, 1966) or by steam sterilization at 
121 ”. (USP XVII, 1965). This heating process may re- 
sult in decomposition of the physostigmine, with possi- 
ble loss of activity. A preliminary note concerning this 
work has been published (2). 


METHODS 


Warhurg Manometric Technique-The anticholinesterase activity 
of the different compounds was compared by this technique using 
horse serum (0.5 ml.) as the source of cholinesterase and acetyl- 
choline (0.5 ml.) at a final concentration of 0.0138 M ( 3 )  as the sub- 
strate. The pH value of the incubation mixture was controlled by 
adding 1.5 ml. of 0.04 Msodium bicarbonate (adjusted to pH 7.6 by 
the addition of hydrochloric acid) and each compound under test 
was added to 0.5 ml. of this bicarbonate solution before addition to 
the incubation flask. The total volume of fluid in each flask was 3 
ml. After gassing with a mixture of 95% nitrogen and 5% carbon 
dioxide for 10 min., the flasks were incubated at 37“ and the ma- 
nometers read at 10-min. intervals for 30 min. Values in the text are 
the mean of three experiments. Differences in percentage inhibition 
greater than 15 


Biological Assay Technique-Horse serum (0.1 ml.) was used as 
the source of cholinesterase, with acetylcholine as the substrate 
(2 ml. of 5 mcg./ml.). Each compound under test was dissolved in 2 


are significant ( p  = 0.05). 
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eseroline 


eserine brown 


Scheme I-The relationship between physostigmine and some of its 
degradation products. 


ml. of 0.04 M sodium bicarbonate and added to the incubation 
mixture. Incubation was carried out at 37" for 30 min., during which 
time all of the acetylcholine was hydrolyzed when no anticholin- 
esterase was present. In the presence of an inhibitor, the residual 
acetylcholine was assayed biologically on three different prepara- 
tions. The isolated colon and uterus of a rat were set up in de 
Jalon's solution at 32' while the ileum of a guinea pig was suspended 
in Tyrode's solution also at 32". Contractions were recorded iso- 
tonically on a Grass polygraph. Assays were carried out using the 
2 X 2 dose schedule. The amounts of anticholinesterase and horse 
serum used had no effect on any of these assay preparations. Values 
in the text are the mean results from the three preparations. Differ- 
ences in percentage inhibition greater than 15% are significant 
( p  = 0.05). 


Anticholinesterase Activity Using Plasma and Red Blood CelIs- 
Blood was collected from rabbits, man, and horses into heparinized 
syringes. After centrifugation to obtain the plasma, the red cells 
were washed three times with 0.9 z (w/v) saline and then haemolyzed 
in a volume of distilled water corresponding to the initial volume of 
plasma. The anticholinesterase activities of the compounds under 
test were then compared using the biological assay techniques, as 
described previously. 


Chromodacryorrhea Test in Rats-Male rats (100-200 9.) 
were first injected subcutaneously with acetylcholine (200 mcg./100 
g. rat) and those producing red tears within 2 min. were used (4). 
The anticholinesterase activities of the test compounds were then 
evaluated by injecting them intraperitoneally 30 min. before the 
subcutaneous injection of a smaller dose of acetylcholine (20 mcg./ 
100 g. rat), and examining for the presence of red tears at 2-min. 
intervals for 14 min. 


Degradation Products of Physostigmine-Samples of eseroline, 
rubreserine, eserine blue, and eserine brown were supplied by Dr. 
G. A. Smith, Department of Pharmacy, Heriot-Watt University, 
Edinburgh, Scotland. They were dissolved in freshly distilled water 
and the solutions were stored at 4"  until required. 


RESULTS 


Anticholinesterase Activity Determined Manometrically-Con- 
centrations of physostigmine as low as 10-8 M were effective in 
inhibiting the cholinesterase of horse serum and higher concentra- 
tions had correspondingly greater activities (Fig. 2). All the degrada- 
tion products tested were less active than the parent compound and 
activities of these products at concentrations of 5 X M only 


S EL R E E ES ES ES E S  
BROWN 


5 x 10-6 M 10 -6 10 -6 10 -7 10 -8 
M M M M  


Fig ure 1-The anticholinesterase acticities of physostigniine (ES), 
eseroline (EL), rubreserint (R), eserine blue ( E  B/ue), and eserine 
brown ( E  Brown), determined manometrically using horse serum as 
the source of cholinesterase. l h e  ordinate shows percentage in- 
hibition of cholinesterase wifh reference to 5 X M physoJtigmine 
as 100%. The effects of graded concentrutions of pliysostigmine are 
also shown for coniparison. 


are recorded. Eserine blue was the most active of these products and 
at this concentration produced 52 inhibition of the cholinesterase, 
comparable with that produced by physostigmine at 10-7 M(Fig. 1). 
Thus, eserine blue is at least 500 times less active as an anticholin- 
esterase agent, and eseroline is about 5000 times less active in this 
test. 


Anticholinesterase Activity Determined Biologically-Concentra- 
tions of physostigmine as low as 10-7 M were effective in reducing 
the cholinesterase activity of horse serum and higher concentrations 
exerted greater activity (Fig. 2). All the degradation products were 
less active than the parent compound which reduced cholinesterase 
activity to 54z of control at M. The most active of these 
products, eserine blue, is about 100 times less active than physostig- 
mine in this test. 


Inhibition of Cholinesterase of Plasma and Red Blood Cells- 
Concentrations of physostigmine greater than 10-5 M completely 
inhibited both plasma and red cell cholinesterase of rabbit, horse, 
and man. Comparisons of the activities of the degradation products 
of physostigmine are shown in Fig. 3 where only concentrations of 
5 X Mare recorded. Eserine blue, the most active of the degra- 
dation products, inhibited the pseudo-cholinesterase of rabbit plasma 
by about 5O%, but it was almost inactive against the true cholin- 
esterase of the red cells; against the cholinesterase of horse plasma, 
it exerted about 60% inhibition (as it did against horse serum, Figs. 
1 and 2) whereas it was only slightly less active against the cholines- 
terase of horse red cells; however, it was inactive against the cholin- 
esterase enzyme of both human plasma and red cells. This difference 
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Figure 2-The aniicholinesterase activities of physostigmine (ES),  
eserohe (EL), rubreserine (R),  eserine blue ( E  Blue), ond esrine 
brown ( E  Brown), determined biologically using horse serum as the 
source of cholinesterase. The ordinate shows percentage inhibition 
of cholinesterase with reference to 5 X IOW M physostigmine as 
100%. The effects of graded concentrations of physostigmine are 
also shown for  comparison. 
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Figure 3-The anticholinesterase activities of physostigmine (ES), 
eseroline (EL), rubreserine (R),  eserine blue ( E  Blue), and eserine 
brown (E  Brown) determined biologically using plusma (open col- 
umns) and red bloodcells (closed columns) as sources of cholinesterase. 
Activities recorded on the ordinate are percentages of those obtained 
with 5 X 10-6 M physostigmine. AN compounds were tested at 
concentrations of 5 X M. A = rabbit, B = horse, C = man. 


in activity of eserine blue against the cholinesterases of all three 
species contrasts markedly with that of physostigmine, which was 
equally active against the true and pseudocholinesterases, even at 
concentrations of 10-* M. The other degradation products of phy- 
sostigmine were less active than eserine blue; with the rabbit and 
horse enzymes, they had greater effects on the plasma cholinesterase, 
but with the human enzymes, all were without significant effect at 
concentrations of 5 x 10-5 M. 


Rat Chromodacryorrhea Response-Physostigmine was active 
at doses of 0.1 mg./kg., red tears being produced within 2 min. of 
the injection of acetylcholine. However, eserine blue, rubreserine, 
and eseroline were about 1000 times less active than physostigmine 
in this test. Eserine brown was inactive at all dose levels tested. 


DISCUSSION 


The results show that the degradation products of physostigmine 
used in the present work are all much less active as anticholinesterase 
agents than the parent compound. These products lack the urethane 
grouping, but it is of interest that when oxidation occurs the anti- 
cholinesterase activity first increases and then decreases. Thus, 
eserine blue is more active than rubreserine or eseroline and under 
certain circumstances may exert an activity equivalent to about 1 
of the parent compound. This result agrees with that of Ellis er al. 
(5)  who showed that eserine blue was more active than rubreserine 
as an anticholinesterase agent. However, these workers were unable 
to find any anticholinesterase activity in eseroline or eserine brown. 


The results using the standard Warburg technique agree well with 
those involving biological assay of the residual acetylcholine, when a 
standard enzyme preparation such as horse serum is used. When the 
two cholinesterases of horse blood are used as the source of the 
enzyme and comparisons are made of the anticholinesterase activ- 
ities of the degradation products, rubreserine and eserine blue have 
a greater inhibiting effect on the plasma cholinesterase. With rabbit 
blood, almost no activity has been found at the high concentrations 
tested on the red cell enzyme although results with the plasma 
enzyme have corresponded well with those obtained using the horse 
enzyme. Both human plasma enzyme and red cell cholinesterase are 
not inhibited to any great extent by these degradation products when 
used at concentrations of 5 x 10P M ;  however, physostigmine is 
equally active against both enzymes in much lower concentrations 
(6, 7). It is most likely that species differences of plasma cholin- 
esterase (8-10) play a role in the different degrees of inhibition of 
cholinesterase produced by the degradation compounds. 


From the clinical point of view, only physostigmine therefore 
exerts an anticholinesterase activity, and this is supported by the 
results of the in vivo test where the red tear response involving 
protection of the injected acetylcholine from both true and pseudo- 
cholinesterases shows that all the degradation compounds (including 
eserine blue) are loo0 times less active than physostigmine. The 
similar activities of the degradation compounds in vivo may be due 
to the fact that male rats were used in this test and male rat serum 
has been shown to contain much lower levels of pseudo-cholinester- 
ase than does the serum of female rats (1 1,12). 


Since all ophthalmic solutions (BPC and USP) are now required 
to be sterile and physostigmine eye drops may be sterilized by heat, 
the formation of relatively inactive decomposition products (one of 
which is colorless) must be taken into account. These intermediate 
products have no therapeutic value and so the appearance of a pink 
color is not the only guide to loss of activity of the solution because 
a colorless solution may also be inactive. 
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Gas Chromatographic Method for Determination 
of Tolbutamide and Chlorpropamide 


KHALID SABIH and KHAWLA SABIH 


Abstract 0 Gas-liquid chromatographic methods for the measure- 
ment of tolbutamide and chlorpropamide in blood and urine and in 
pharmaceutical preparations have been developed. In these pro- 
cedures the drugs were extracted from acidified plasma or urine 
with chloroform and converted to the corresponding methyl deriva- 
tive by treatment with dimethylsulfate in the presence of base. 
The methyl derivatives of these drugs were analyzed on DC-200 
coated on diatomaceous earth (Gas Chrom Q). The method has 
considerable specificity and sensitivity and can measure as little 
as 0.1 mcg. of these drugs. 


Keyphrases 0 Tolbutamide in biological fluids-determination 0 
Chlorpropamide in biological fluids-determination 0 Column 
chromatography-separation, purification 0 TLC-identity 0 
IR spectrophotometry-identity 0 GLC-analysis 


Tolbutamide (I) and chlorpropamide (11) are sul- 
fonylurea derivatives and are widely used as oral hy- 
poglycemic drugs in the treatment of diabetes mellitus. 
Few methods are available for the determination of the 
concentration of these and related drugs in blood or 
other biological fluids or materials. 


0 
II 


R-Q-~o, -NH-C- NH R’ 


I, R = CHJ, R’ = ~ - B u  
11, R =CI, R’ = n-Pr 


Mesnard and Crockett (1) described a method for the 
determination of sulfonylurea derivatives in urine. 
This method involved hydrolysis of these drugs in the 
presence of a base to obtain the amine, which in turn 
was treated with a solution of picric acid to produce a 
colored material. This color was compared with that 
obtained with a standard. A colorimetric method was 
described by Spingler ( 2 ) ,  which also involved the hy- 
drolysis of tolbutamide to butyl amine followed by 
formation of a yellow color by reacting butyl amine with 
dinitrofluorobenzene. Leal (3) precipitated tolbutamide 
as its silver salt and identified it by its melting point. 
Kalinowski and Korzyliski (4) and Voicu ( 5 )  described a 
mercurocoulometric method for tolbutamide determin- 
ation. A photometric method has been described ( 6 )  
for the determination of tolbutamide in pharmaceuti- 
cals. This method involved treatment of a solution of the 
drug in dimethylformamide (DMF) with a solution of 
ascorbic acid in DMF, and absorbance was measured 
at 530 mp. Thin-layer chromatographic methods were 
also described recently (7, 8) using silica gel G and GF. 
A UV method was also described (9) for the determina- 
tion of several sulfonylurea derivatives. Some of these 
methods are not very specific and some are not very 
sensitive. 


The difference in absorption and metabolism rates of 
these drugs and their success as oral antidiabetics has 


100 


80 


W 
v) 


$ 60 
v) W 
a 
a 
W cl 
K 
0 
8 40 
K 


20 


0 1 2 3 4 5 
TIME, rnin. 


Figure 1-Typical chromatogram of methylated tolbutamide. The 
curce represents a 5-PI. injection of 40 mcg. of the drug in 100 p l .  
chloroform. 


stimulated the search for a gas chromatographic method 
to determine these drugs in biological material and in 
pharmaceutical preparations. This report describes a 
gas chromatographic method for the determination of 
tolbutamide and chlorpropamide in blood and urine 
and in pharmaceutical preparations. This method in- 
volves the conversion of these drugs to their methyl 
derivatives by treatment of their respective sodium or 
potassium salt with dimethylsulfate. 


EXPERIMENTAL 


Reagents-Tolbutamide (The Upjohn Co., Kalamazoo, Mich.); 
chlorpropamide (Chas. Pfizer and Co., Inc., New York, N. Y.); and 
dimethyl sulfate (Matheson, Colemm & Bell, Norwood, Ohio) were 
used. Chloroform redistilled analytical reagent, methanol analytical 
reagent, and heptane redistilled were used. Methanolic solution of 
potassium carbonate was made by mixing 1 ml. of 5-10z aqueous 
solution of KZCOa with 9 ml. of MeOH. Acetate buffer 0.2 M ,  pH 5.6, 
was made by mixing 4.8 ml. of AcOH solution (0.2 M; 11.55 ml. 
in 1000 ml. H20) and 45.2 ml. of NaOAc solution (0.2 M; 16.4 g. 
in 1000 ml. H20), and the mixture was diluted with water to 1OOOml. 
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Figure 2-Typical chromatogram of methylated chlorproparnide. 
The curve represents a 5-pl. injection of 28 mcg. ofthe drug in 100 pl. 
chloroform. 


Apparatus-An F and M model 5755 B gas chromatograph 
equipped with a flame-ionization detector was used for chromatog- 
raphy. The column was 1.37 m. (4.5 ft.), 0.33 cm. (0.125 in.) 
stainless steel tubing packed with diatomaceous earth (Gas-Chrom 
Q), 80-100 mesh, coated with 5% DC-200. The operating temper- 
atures used for tolbutamide were: column, 205-210"; detector, 320"; 
and injection port, 330". Helium was used as the carrier gas with 
a flow rate of 50 ml./min. For analysis of chlorpropamide, column 
temperature was 180" and the helium flow rate was 40 ml./min. 


Procedure-Standards-A stock solution of 5 mg. of each 
sulfonylurea drug in 10 ml. chloroform was prepared. Aliquots con- 
taining 0, 10, 20, 40, 60, 80, and 100 mcg. were placed in separate 
centrifuge tubes; the solvent was removed under a stream of air, 
and each residue was dissolved in 1 ml. of methanolic potassium 
carbonate followed by 0.1 ml. of dimethyl sulfate. The resulting 
mixtures were heated on a water bath at 70" for 5 min. Following 
removal of the methanol at that temperature by a steady stream of 
air, 1 ml. 0.2 M acetate buffer, pH 5.6, was added and followed by 5 
ml. of heptane. Extraction was aided by the use of a vortex mixer. 
After centrifugation, 4 ml. of the heptane extract from each tube 
was transferred to a separate 5-ml. flask from which the heptane 
was evaporated with a stream of air. The resulting residues were 
dissolved in 100 pl. of chloroform. One- to five-microliter samples 
were injected onto the column under the conditions cited above. 
Figures 1 and 2 show typical chromstograms of tolbutamide and 
chlorpropamide, respectively. 


Pharmaceutical Preparations-One tablet of tolbutamide or 
chlorpropamide was pulverized in a mortar to a fine powder and 
triturated with 50 ml. ethanol. The mixture was then filtered and 
the filtrate transferred to a 100-ml. volumetric flask and made to 
volume with ethanol. Aliquots were placed in separate centrifuge 
tubes and the ethanol was removed under a stream of air. The res- 
idues were then converted to the methyl derivatives and chromato- 
graphed as described. 


Biological System-A stock solution containing 5 mg. tol- 


butamide or 5 mg. chlorpropamide in 10 ml. 5 %  aqueous K L 0 3  
was prepared. The proper volume of either solution was added to 
plasma or urine in amounts of 0, 2.5, 5,  10, 20, 30, and 40 mcg./ml. 
Two milliliters of the resulting samples were acidified with 1 ml. of 
saturated solution of NaH2P0, and then extracted with 10 ml. of 
chloroform by shaking on a vortex mixer for 2 min. The phases 
were separated by centrifugation and the aqueous layer was re- 
moved by aspiration. Five milliliters of the chloroform extracts was 
transfered to centrifuge tubes and the solvent was removed under a 
stream of air. Each residue was treated with Me2S04 and chro- 
matographed as described. One-milliliter plasma samples con- 
taining either of the sulfonylurea drugs were acidified with 1 ml. 
of saturated solution of NaH2P04 and extracted with five volumes of 
chloroform by shaking carefully for 2 min. Layers were separated 
by centrifugation (2000 r.p.m. for 5-10 min.); emulsions were 
broken by stirring with a wooden stick and recentrifuged for an- 
other 5-10 min. The aqueous layer was aspirated and four-fifths of 
the chloroform layer was placed in a second centrifuge tube. Solvent 
was removed under a stream of air, and the sulfonylurea residues 
were converted to their respective methyl derivatives and chroma- 
tographed as described. 


Identification of the Methyl Derivative of Tolbutamide-A soh- 
tion of 1.0 g. tolbutamide in 30 ml. of 10% water-methanol was 
placed in a three-necked 150-ml. flask fitted with a reflux condenser 
and a magnetic stirrer. To this solution was added 2.0 g. of &C03 
followed by 20 ml. of dimethyl sulfate. The reaction was allowed 
to proceed at 70" by heating on a water bath with stirring for 15 
min. The reaction mixture was then cooled and extracted three 
times with 100-ml. portions of heptane. Removal of heptane under 
reduced pressure gave 0.9 g. of a semisolid material. The original 
reaction mixture was then treated with 20 ml. of 0.2 M acetate 
buffer, pH 5.6, and extracted twice with 100-ml. portions of heptane. 
Removal of heptane under reduced pressure yielded 0.2 g. of a 
semisolid material. TLC of both extracts using silica gel and chloro- 
form as the moving phase showed only one uniform spot with an 
R f  value of 0.55. In comparison, tolbutamide did not move under 
these conditions. The product was purified by column chromatog- 
raphy using silica gel (Merck) and eluted with chloroform. Removal 
of chloroform under pressure gave 1.0 g. of a colorless oil, which 
solidified on standing overnight in a cool place, m.p. 33". 


Anal.-Calcd. for C13H20N203S: C, 54.93; H, 7.04; N, 9.85; 
Found: C, 55.49; H, 7.36; N, 9.96. 


Identification of the Methyl Derivative of Chlorpropamide-A 
solution of 1.0 g. chlorpropamide in 30 ml. of 10% water-methanol 
was converted to its methyl derivative using the same procedure 
listed for tolbutamide. Purification of the methyl derivative 
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Figure 3-Relationship between peak height and amount injected. 
Five microliters injected in  each case. Key: -, tolbutamide; 
and - - -, chlorpropamide. 
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Table I-Recoverv of Tolbutamide from Plasma 


Amount Added, Amount Recovered, 
mcg. mcg. Recovery, 


5 
10 
20 
30 
40 
60 


4.8 
9 . 8  


19.4 
30.0 
40.8 
57.6 


96 
98 
97 


100 
102 
96 


was performed by column chromatography using silica gel (Merck) 
and eluted with chloroform. Removal of the chloroform under 
reduced pressure gave a colorless oily liquid which did not solidify 
on standing. 


Anal.-Calcd. for Cl1H1,C1N2OaS: C, 45.44; H, 5.13; N, 9.67; 
Found: C, 45.89; H, 5.39; N, 9.32. 


RESULTS 


Attempts to chromatograph tolbutamide and chlorpropamide on 
four different stationary phases of varying selectivity were not 
successful. In both cases, two peaks were obtained. The first peak 
eluted very close to the solvent front and the second peak showed a 
marked tailing under different temperature and flow-rate settings. 


The methyl derivatives of tolbutamide and chlorpropamide were 
obtained in quantitative yield and were identified by microanalysis 
and IR spectroscopy. These derivatives were found to be N-methyl 
tolbutamide and N-methyl chlorpropamide. 


By utilizing conditions cited in the method, the retention time 
of methylated tolbutamide was 2.0 min. and that of methylated 
chlorpropamide was 3.8 min. Chromatograms of control samples 
did not contain any peak with the retention time of the methyl 
derivative of tolbutamide or chlorpropamide. The retention times of 
pure methyl derivatives and that prepared from extracted blo3d or 
urine were identical. Chromatograms of extracts of control plasma 
did not contain any peaks with the retention time of either methyl 
derivative. Addition of increasing amounts of methylated deriva- 
tives to extracts of plasma containing the drugs produced an in- 
crease in the respective peak height having the retention time of the 
standard. The relationship between peak height and quantity of 
the drugs is linear between 1-50 mcg. in both cases as shown in Fig. 
3. 


To test the reproducibility of the gas chromatographic method, 
three samples of plasma containing known amounts of the sulfonyl 
ureas were made. Each sample was divided into four equal parts; 
the drugs were extracted from each part and converted to the methyl 
derivatives as described in the method. Gas chromatography of 
these samples gave the same peak height in each case with a stan- 
dard error of 2~0.52. 


In a separate experiment to test the adequacy of the extraction 
procedure, varying amounts of the drugs were added to plasma 
samples and the chromatograms of these samples were compared 
with that of a standard. The recovery ranged between 96-102z of 
added tolbutamide and 944100% of added chlorpropamide as shown 
in Tables I and 11, respectively. The extraction method is also ap- 
plicable to other biological fluids such as urine. 


Table 11-Recovery of Chlorpropamide from Plasma 


Amount Added, Amount Recovered, 
mcg. mcg. Recovery, 


5 
10 
20 
30 
40 


4.7 
9.7 


20.0 
28.8 
39.6 


94 
97 


100 
96 
94 


The methylation procedure of these sulfonylurea drugs was also 
tested for its completion. Known amounts of these drugs were 
added to plasma or water and extracted and methylated. The 
amount methylated was then determined from a standard curve 
obtained with a pure methylated drug. This showed about 95-100z 
methylation. 


Other commonly used drugs, e.g., phenobarbital, pentobarbital, 
glutethimide, and diphenylhydantoin, showed no interfering 
peaks in the same region as methylated tolbutamide or chlorpro- 
pamide. These drugs can also be methylated and analyzed using 
the procedure described in the Experimenral section. 


The amounts of tolbutamide and chlorpropamide were deter- 
mined using the external standard technique. 


DISCUSSION 


The presence of two peaks in the chromatograms of unchanged 
tolbutamide can be attributed to the decomposition of the drug 
on the column. Methylation of tolbutamide stabilized the mole- 
cule and prevented this decomposition. Furthermore, the methyla- 
tion process was advantageous because it shortened the retention 
time and reduced the possibility of loss of tolbutamide on the column 
during chromatography. In the case of chlorpropamide, the mole- 
cule decomposed on the column to give a chromatogram of two 
peaks similar to  that of tolbutamide. Methylation of chlorpro- 
pamide produced only one symmetrical peak with fairly short 
retention time. 


The IR spectrum of tolbutamide shows, among other bands, a 
strong absorption band at 1710-1690 cm.-l, which is due to the 
carbonyl (C=O) stretching vibrations. The IR spectrum of methyl- 
ated tolbutamide shows some differences due to the introduction of 
the methyl group. However, the spectrum again shows a strong 
absorption band at 1710-1690 cm.-1, which again may be attrib- 
uted to the presence of a carbonyl group in the molecule. This 
indicated that the methyl group was introduced on the nitrogen atom 
rather than the oxygen atom to give the N-methyl derivative. 


The GLC method described is accurate, sensitive, and specific 
for the measurements of tolbutamide and chlorpropamide con- 
centration in blood and other biological fluids and can be used in 
clinical laboratories. The method is also applicable to determine 
the amount of these drugs in pharmaceutical preparations such as 
tablets. The method requires approximately 2 hr. for analysis of 
several samples and the gas chromatographic step takes less than 5 
min. 
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Pharmacokinetic Profile of Trimethoprim in Dog and Man 


S. A. KAPLAN, R. E. WEINFELD, S. COTLER, C. W. ABRUZZO, and K. ALEXANDER 


Abstract 0 A pharmacokinetic profile of trimethoprim was deter- 
mined in man and in the dog. The dog was shown t o  absorb the 
drug completely, and distribute the drug into the tissues to a great 
extent. The low recovery of intact trimethoprim in the urine is 
indicative of biotransformation and/or alternate routes of excre- 
tion. The drug is eliminated in man with a half-life of 15-17 hr. 
In addition, steady-state blood levels were maintained on daily 
oral dosing over a 13-week period. The dog was shown to eliminate 
trirnethoprim 4 to 5 times faster than man. 


Keyphrases 0 Trimethoprirn-pharmacokinetic profile 0 Phar- 
macokinetics, trimethoprim-man, dog 0 Absorption, distribution 
-trimethoprim Fluorometry-analysis 


Trimethoprim is an inhibitor of dihydrofolate re- 
ductase which potentiates the activity of sulfonamides 
against a wide variety of bacterial species (1,2). 


Chemically, trimethoprim is 2,4-diamino-5-(3 ‘,4’,5 ’- 
trimethoxybenzy1)pyrimidine with the following struc- 
tural formula (Structure I): 


‘OCH, 
Structure I 


It is a weak difunctional base with both basic groups 
titrating almost simultaneously with a pKa of 7.2 (3). 


This study was designed to elucidate the physiological 
disposition of trimethoprim in the dog following i.v. 
and oral administration and in man following single 
and chronic oral administration. 


EXPERIMENTAL 


In Vivo Dog Study-A 5.7-mg./kg. dose of trimethoprim was 
administered intravenously and orally 2 weeks apart to  two dif- 
ferent male dogs. Five-milliliter oxalated blood specimens were col- 
lected at the time intervals indicated in Table I. The total volumes of 
urine voided were collected at 24-hr. intervals from 0 to 48 hr. 
following i.v. administration and from 0 to 72 hr. following oral 
administration. All specimens were frozen for subsequent analyses. 
Human Study-Clinical studies were conducted in two human 


female subjects.’ Each subject was given a single oral 200-mg. dose 
of trimethoprim an Day 1. Repeated oral doses of 50 mg. q.i.d. at 
7:OO a.m., 12noon, 5:OO pm., and 1O:OO p.m. commenced on Day 
8 and continued through the 7:OO a.m. dose of Day 22 of the study 
for Subject R. R. Subject M. H. began the repeated oral dosing of 
50 mg. q.i.d. on Day 5 and continued only through the first dose of 
Day 8. 


The dosing, blood, and urine sampling schedules are presented 
in Table 11. Five-milliliter oxalated blood specimens were obtained, 
the total volume of urine voided was measured, and 50-ml. 
aliquots were frozen for subsequent analyses. 


1 The Hoffmann-La Roche Special Treatment Units: one subject a t  
the Newark Beth Israel Hospital under the supervision of Dr. A. Leon 
and the other subject a t  Martland Hospital under the direction of Dr. 
H. Solomon. 


Table I-Blood and Urinary Excretion Trimethoprim Levels 
in Two Dogs following the i.v. and Oral Administration 
of 5.7 mg./kg. 


~~~ 


Blood Levels - 
‘---i.v., mcg./ml.---- -Oral, mcg./ml.- 


Dog Dog Dog Dog 
Time 1 2 Time 1 2 


1 min. 
2.5 
5 


10 
20 
40 


1 hr. 
1.5 
2 
3 
4 
6 
7.5 


11 
12 
24 
48 
55 


5.0 
4.7 
3.7 


6.6 20 min. Nil Nil 
5 . 4  40 1.8 0.10 
4.6 1 hr. 2.8 0.13 


3.6 4.5 1 .5  2.7 0.18 
3 .O 
2.8 
2.4 
2.2 
1.7 


3.7 
3 . 4  
2.8 
2.4 
1 .9  


2 
3 
4 
6 
7.5 


2.7 
2.1 
1 . 8  
1 .4  
1 .o 


1 .3  
2.3 
1.9 
1.3 


~ 


0.8 1.6 1 .5  8.0 - 


1.3 1.1 11.5 0 . 3  ~ 


0.2 1.0 0 .7  13 
0.8 0 . 4  23 Nil Nil 
- 0 . 2  48 Nil Nil 


- 


72 Nil Nil 0.3 - 
NilB Nil 
Nil Nil 
Nil - 


Urinary Excretion of Intact Trimethoprim 
-l.v. . ---- Oral--- 


Time Cum. of Dose Time Cum. % of Dose 
Interval, hr. Dog 1 Dog 2 Interval, hr. Dog 1 Dog 2 


0-24 16.5 28.4 0-24 11.7 29.9 
24-48 18.8 29.0 24-48 14.2 31.9 


48-72 14.5 31.9 


a Nil is less than 0.1 mcg./ml. 


In a separate study, a group of 13 healthy adult male volunteers2 
each received a dose of 50 mg. trimethoprim q.i.d. for 13 weeks. 
Blood specimens were obtained before and once weekly during drug 
administration, always at the same time of day with regard to drug 
administration, just prior to the first dose in the morning, and were 
frozen for subsequent analysis. 


Analytical Methods-Trimethoprim was determined in the blood 
and urine by a specific spectrofluorometric procedure (4) with a 
sensitivity of 0.1 mcg./ml. 


One-milliliter blood or urine (1 to 10 dilution) specimens were 
placed in 50-ml. glass-stoppered centrifuge tubes. The specimens 
were diluted with 7 ml. distilled water and 1 ml. of 1 N aqueous 
sodium carbonate solution. Ten milliliters of chloroform (reagent 
grade) was added, the tubes stoppered, and extracted gently for 10 
min. on a reciprocating shaker. The stoppers were removed and the 
specimens were then centrifuged at 2000 r.p.m. for 10 min. The 
aqueous phase was aspirated and the chloroform washed with 5 mi. 
distilled water. The water was aspirated and an 8-ml. aliquot of the 
chloroform phase was transferred into a 15-ml. glass-stoppered 
centrifuge tube. Four milliliters of 0.01 N sulfuric acid was then 
added and the sample extracted by shaking and the phases separated 
by centrifuging for 10 min. each. A 3-ml. aliquot of the acid phase 
was placed in a fresh 15-ml. glass-stoppered centrifuge tube to 
which 1 ml. of a 0.1 M potassium permanganate solution in 0.1 N 
sodium hydroxide was added. The solution was mixed, and the test 
tube was stoppered and heated in a 60” water bath for 20 min. The 
tubes were cooled to room temperature and 0.1 ml. of a 37 % formal- 
dehyde solution (reagent grade) was added. The solution was mixed 


The Experimental Therapeutics Unit of Oklahoma State Penitentiary, 
under the supervision of Dr. J. P. Colmore. 
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Table 11-Trimethoprim Dosing Schedule and Blood Levels in 
Two Human Subjects Following Single and Chronic 
Dosing Administration 


Blood Level, mcg./ml.- - 
Day Hour Blood Blood 


of Study Dose Level Dose Level 


-R. R.- Y M .  H.-- 


1 


2 


3 
4 
5 


6 


7 


8 


9 


10 
11 
12 
13 
14 
16 
18 
21 


22 


23 


24 
25 


26 


0 
2 
4 
6 
8 


12 
15 
24 
30 
36 
48 
72 
96 
98 


100 
102 
104 
108 
1 20 
126 
132 
144 
156 
168 
1 70 
172 
174 
176 
178 
180 
183 
192 
198 
204 
216 
240 
264 
288 
312 
360 
408 
480 
492 
495 
504 
506 
508 
510 
512 
514 
516 
519 
528 
534 
540 
552 
576 
580 
600 


200 mg. 


50 mgC 
q.i.d. 


L 


50 mg. 


50 mg. 


-a 


2.0 
2.1 
2.0 
1.8 
1.3 
0.9 
0 . 7  
0 . 6  
0 . 4  
0.3 
Nilb 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


0.6  
0 . 6  
1 .2  
1.1 


1.1 
1.4 
1.5 
1.8 
2.5 
2.2 
2 . 3  
2.2 
2 .2  
2.2 
1 . 6  
2.2 
1.8 


2.1 


2.5 
2.8 
2.3 
2.1 
1.8 
2.3 
2 . 2  
2.2 
1 .6  
1.2 
0.7 
0 .3  


Nil 


- 


- 


- 


- 


200 mg. 


50 mg. 
q.i.d. 


L 


- 
1.4 
1.8 
1 . 3  
1 .2  
1 .o 
1.0 
0.7 
0.7 
0.3 
0.3 
Nil 
Nil 
0.4  
0.4 
0 .5  
0.8 
1 .2  
1 .5  
1.8 
1 . 6  
1.5 
1.8 
1 . 6  
1.9 
1.3 
1 .o 
0 .9  
0.9 
0 .7  
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


-indicates no  specimen taken. * Nil is below 0.1 mcg./ml. c q.i.d. at 
7:OO a.m., 12 noon, 5 : O O  p.m., and 1O:OO p.m. 


and allowed to stand for 5 min. The solution was acidified by the 
addition of 1 ml. of 1 N sulfuric acid and extracted with 3 ml. of 
chloroform by shaking, and the phases were separated by centrifug- 
ing for 10 min. each. The aqueous phase was aspirated and the 
chloroform phase transferred to a small test tube. 


The fluorescence of the chloroform extract was measured in a 
1-cm. path. cell at 345 mp in a Farrand spectrofluorometer (MK-1) 
with activation at 295 mp. Duplicate control specimens of blood or 
urine and control specimens to which 5 and 10 mcg. of trimethoprim 
were added as internal standards were carried through the entire 
procedure. The concentrations in the unknown specimens were 


(NIL a t  24 hr.1 


L T I  
k 0 . 1  N I L !  I I I I I I I I I I I 3 I 


0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  
TIME, hr. 


Figure 1-Trimethoprim blood leuels in Dog I folIowing i.u. and 
oral administration. Key: 5.7 mg./kg. trimethoprim to Dog 1: a-e, 
i.u.;and X-X,oral.  


calculated on the basis of the internal standard after correction for 
the control values. 


RESULTS AND DISCUSSION 


The dog blood level and urinary excretion data following i.v. 
and oral administration of trimethoprim are presented in Table I 
and Figs. 1 and 2. The pharmacokinetic profile of trimethoprim in 
the dog is summarized in Table 111. 


The human blood level data of the two subjects receiving both 
single and chronic administrations of the drug are presented in Table 
I1 and Figs. 3 and 4. The corresponding urinary excretion data are 
presented in Tables IV and V and Fig. 5. The pharmacokinetic 
profile following the single and chronic oral dosing of trimetho- 
prim is summarized in Table VI. The blood level data of the sub- 
jects receiving trimethoprim daily over a 13-week period are pre- 
sented in Table VII. 


Theoretical Considerations-Following the intravenous injection 
of trimethoprim to two dogs, the resulting blood level curves could 
be adequately described by the biexponential equations as shown 


0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  
TIME, hr. 


Figure 2-Trimethoprim blood levels in Dog 2 following i.0. and 
oral administration. Key: 5.7 mg./kg. trimethoprim to Dog 2: .-@, 
i,u.;and X - X ,  oral. 
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Table II-Pharmacokinetic Parameters Describing the Physiological Disposition of a 5.7-mg./kg. 
Dose of Trimethoprim in Two Dogs in Terms of a Two-Compartment Open-System Model 


~ ~~ 


General Equation: C, = Ae-t + Be-St 


Following i.v. Administration Dog 1 Dog 2 


A,  mcg./ml. 
B, mcg./ml. 
a. hr.-l 


Rate Constants 
k I 3 ,  hr.-I 
0.693/klr, hr. 


2 .3  
2.9 
6.6 
0.105 
0.187 
3.71 
5 . 2  


0.327 
2.1 


k12, hr.-I 2.69 
0.693/k12, hr. 0.26 
k21, hr.-l 3.78  
0. 693/k21, hr. 0.18 
Volume of Distribution 
Vp,  volume of central compartment, 1. 
( VD),,, total volume of distribution, 1. 
( V D ) ~ ,  total volume of distribution, 1. 
Total volume as percent of body weight, 


6 ,  apparent elimination rate, hr.-I 
0.693//3, hr. 3.1 


blood level curves 
Estimated percent of dose absorbed6 
Absorption Characteristics 
(Percent of dose absorbed with time) 


8.5 
14.5 
14.8 


184 
Following Oral Administration 


0.224 


1.12 Ratio of areas under oral/i.v. 


113 


60% in 40 min. 
85% in 1 hr. 
100% in 2 hr. 


Urinary Excretion 
Cumulative Percent of Dose Excreted as Intact Trimethoprim 


Time, hr. 1.v. Oral l.v. 
0-24 16.5 11.7 28.4 


24-28 18.8 14.2 29.0 
48-72 - 14.5 - 


3.6 
3.6 


13.6 
0.51 
0.281 
2.46 
7 .2  


0.555 
1.2 
6.46 
0.11 
6.91 
0.10 


10.9 
21 .o 
21.5 


154 


0.245 
2.8 
0.94 


112 


Initial lag period 
Then 50% in 2 hr. 
100% in 3 hr. 


Oral 
29.9 
31.8 
31.9 


0 0.693/constant = half-life. b Calculated from absorption rate equation (6). 


in Figs. 1 and 2. The first portion of the biexponential curve will Single 50mg. Doses 


be referred to as the fast disposition rate, with a rate constant a. 
The second portion of the curve will be referred to as the slow dis- 
position rate, with a rate constant p .  It should be noted that a and 
/3 are both hybrid rate constants, each influenced by all the in- 
dividual processes of the disposition of the drug. The rate constant 
a reflects the distribution phase of the compound from the central 
to the peripheral (tissue) compartment. The rate constant /3 reflects 
the elimination rate of the drug from the body. The physiological 


2.0 


?! 


5 
W 


200mg. Smgle Dose 
7- 


NIL a t  
600 hr, 


24 72 168 216 264 312 360 408 456 504 552 600 


1 2 3 4  5 6 7 8  1 3 8 10 12 14 16 18 20 22 24 26 
HOURS 


DAYS D A Y S  


0.1 L-1- 1 - - _ 1 - - I I -  I d  0.1 
12 24 48 72 96 120 144 168 192 


HOURS TIME 


L 
TIME 


Figure 3-Trimethoprirn blood levels in Subject M.  H.  following 
single and chronic oral administration. 


Figure 4-Trimethoprim blood levels in subject R. R.  following single 
and chronic oral administration. 
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Table IV-Urinary Excretion Levels of Intact Trimethoprim in Subject R. R. 


Total mg. Percent of Dose 
Day Dosing Schedule Hour Interval Excreted Excreted as Intact Drug 


1 


2 


9 


10 
11 
12 
13 
14 
1s ._ 


17 
20 
22 


200-mg. single dose 


SO mg. 


50 mg. 
23 


24 
25 
26 


0-2 
2 4  
4-6 
6-8 
8-12 


12-15 
15-24 
24-30 
30-36 
36-48 
48-72 
72-96 
96-120 


144-168 
168-170 


120-144 


170-172 


0. I 
3.5 
4.2 
8.4 
5.1 
8.5 


12.7 
4.1 
5 .0  


12.8 
8.5 
2.2 
0 . 9  
Nil 
Nil 
0 .6  
1 . 9  


172-174 - 
174-1 76 
176-180 
18@-183 
183-1 92 
192-198 
198-204 
204-216 
2 16-240 


264-288 
288-3 12 
312-336 
336-360 


24&264 


384408 
456-480 
504-506 
506-508 
508-510 
5 10-5 14 
5 14-5 16 
5 16-519 
5 19-528 
528-534 
534-540 


552-576 


600-624 


540-552 


576-600 


4.3 
5.9 
8.1 


14.7 
10.7 
9.7 


31 . O  
67.0 
78.0 
63.3 
57.3 
90.1 
69.1 
63.0 
55.4 
4.1 
6.0 
5.3 
7.3 
4.3 
7.3 


22.8 
11.1 
10.7 
36.7 
23.5 
10.4 
3.1 


21 .3 in24hr .  


38.0 of single 200-mg. dose 


1 7 . 8  in 24 hr. 


20.4 in 24 hr. 
3 3 .  s in 24 yr. 
39.0 in 24 hr. 
31.7 in 24 hr. 
28.7 in 24 hr. 
45.1 in 24 hr. 
34.6 in 24 hr. 
3 1  . S  in 24 hr. 
27.7 in 24 hr. 


disposition of trimethoprim may therefore be defined in terms of 
the two-compartment open-system model shown in Scheme I(5): 


No. 1 k12 No. 2 
central compartment 7 peripheral compartment 


I kzi 


i l i 1 3  
J. 


No. 3 
biotransformation 


and excretion 
Scheme I 


Solution of the differential equations resulting from such a 
model yields the following integrated equation describing the blood 
level-time curve after a single intravenous injection as seen in 
Figs. 1 and 2: 


C, = Ae-at + Be-Pt 


where C, is the concentration of drug in the plasma, and A and B 
are the ordinate axis intercepts. 


The 01 and p are both hybrid rate constants reflecting all the indi- 
vidual rate processes; however, kI2, kzl, and kI3  are individual rate 
constants calculable from this equation (5 ) .  The kI2 and kzl are first- 
order rate constants of distribution and k13 is the sum of the simul- 
taneous processes of biotransformation and excretion, all assumed to 
be first-order processes. This is the rate constant of the elimination 
reaction per se. 


The absorption rate is calculated from the following relationship 
(6) : 


which indicates that the amount absorbed per unit volume of 
distribution (AIV,) at time f n  equals the plasma level ( C J t s  plus 
the tissue level (CT)~, ,  plus the amount eliminated (k13 lf" Cp df) at 
time tn. 
In a two-compartment open-system model the total volume of 


distribution of the entire system (VD),,, when calculated with ref- 
erence to the concentration of drug in the central compartment, 
is the sum of the volume of the central compartment, V,, and of the 
peripheral (tissue) compartment, VT (7), where V, = administered 
dose/A + B and (VD),, = V, (klz + k21)/(kd. 


The volume of distribution can also be calculated using the 
equation as presented by Gibaldi et a/. (8) and is referred to as 


Inthiscase,(V~)o = V,/fwhere:f= C2/(C2 + CZ'), CZ = B / ( A  + 
B), and C2* = kd(01 - 6). 


Physiological Disposition of Trimethoprim in the Dog-The phar- 
macokinetic parameters summarized in Table 111 indicate that 
trimethoprim has fast disposition rate constants, a, of 6.6 and 13.6 
hr.-l, respectively, in Dogs 1 and 2. The slow disposition rate 
constants, p, were 0.187 and 0.281 hr.-l corresponding to half- 


( V D h .  
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Table V-Urinary Excretion Levels of Intact Trimethoprim in Subject M. H. 


Total mg. Percent of Dose 
Dosing Schedule Hour Interval Excreted Excreted as Intact Drug Day 


'I 


1 200-mg. single dose 


2 


3 
4 
5 


6 


7 
8 


0-2 
2 4  
4-6 
6-8 
8-12 


12-1 5 
15-24 
24-30 
3G36 
3 6 4 8  
48-72 
72-96 
96-98 
98-100 


100-102 
102-104 
104108 
108-120 
12&126 
126-1 32 
132-144 
144-168 
168-1 70 
170-172 
172-174 
174-176 


180-183 
176-180 


183-192 


1 .o 
2 .9  
3.3 
1 .7  
6 . 2  
2 .2  


10.7 
4 . 9  
2 . 7  
8 .3  
7 .3  
NilP 
0.09 
0.09 
0 . 3  
2 .9  
2.7 


12.0 
4 . 0  
6.4 


20.7 
48.1 
4 . 0  
1 . 1  
3 .1  
4 . 2  
7 .4  
2.6 
8 .2  


14.0 in 24 hr. 


25.6 of single 2Wmg. dose 


9.0 in 24 hr. 


15.6 in 24 hr. 
24.1 in 24 hr. 


(1 Nil below 0.1 mcg./ml. 


lives of 3.7 and 2.5 hrs, and reflect the apparent elimination rates 
of the drug from the body. 


The volumes of the central compartment, V p ,  were calculated to be 
8.5 and 10.9 I., respectively. The total volumes of distribution, ( VD),,, 
of trimethoprim were calculated to be 184 and 1 5 4 z  of body weight 
in the two dogs, suggesting significant tissue uptake of trimetho- 
prim. ( V D ) ~  was calculated and found to be almost identical with 
the (VD),, calculation (Table 111). 


Only 18.8% of the intravenously administered dose was re- 
covered as intact drug in the 0 to 48-hr. urine of Dog 1 and 2 9 Z  
in Dog 2, indicating biotransformation and/or alternate routes of 
excretion. Almost all the recovered trimethoprim was excreted 
in the urine during the 0 to 24-hr. interval. 


The data indicate fairly rapid and complete absorption of the 
orally administered drug in the dog (Table 111) with Dog 2 


\ 


10 I I I I 1 
0 10 20 30 40 


TIME, hr. 


Figure 5-Urinary excretion of intact trimethoprim in two human 
subjects. Key: 0-0, R. R.; and X-X, M. H.  


exhibiting a lag in the start of absorption. Absorption was es- 
sentially complete in 2 hr. in Dog 1 and in 3 hr. in Dog 2. 


Physiological Disposition of Trimethoprim in Man-The phar- 
macokinetic profile following the administration of a single 200- 
mg. oral dose of trimethoprim to two subjects is presented in Table 
VI. 


In relation to body weight the single doses represented 2.3 mg./ 
kg. for M. H. and 3.4 mg./kg. for R. R. 


In each case the blood level curves (Figs. 3 and 4) peaked at 4 hr. 
postadministration. Subjects R. R. and M. H. exhibited blood 
level peaks of 1.8 and 2.1 mcg./ml. and elimination rates of 4.0 and 
4.6%/hr. corresponding to half-lives of 17.3 and 15 hr., respectively.' 


Estimates of the volume of distribution following single oral 


Table VI-Pharmacokinetic Evaluation of Trimethoprim in TWO 
Human Subjects 


--Subject- 
M. H. R. R. 


Single oral dose 
Dose, mg. 
Weight, kg. 
Dose, mg./ke;. 


200 200 
87.5 58.9 
2.29 3.40 . _ .  - 


Blood level peak 


Elimination rate constant from 0.040 0.046 


mcg./ml. 1.84 2 .1  
Time, hr. 4 4 


Corresponding half-life, hr. 17.3 15.0 
Estimated % volume of distribution 158 177 


bloodstream, hr.-I 


Percent of dose recovered as 25.6 36.4 


Elimination rate constant from 0.036 0.037 
intact drug in urine 


urinary excretion of intact 
trimethoprim, hr.-1 


Corresponding half-life 19.5 18.7 
Chronic oral dose of 50 mg. q.i.d. 
Minimum steady-state blood level, 1.5 2.2 


mcg./ml. 


last dose, hr.-I 
Elimination rate constant following - 0.047 


Corresponding half-life, hr. 14.6 
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Table VII-Mean Trimethoprim Blood Levels“ following the 
Daily Administration of 50 mg. q.i.d. to 13 Human Subjects 
for 13 Weeks 


Subject 
No. 


Wt., 
kg. “Mean f SE 


4 
5 
6 
7 
8 
9 


10 
I I  
12 
13 


86.4 
65.0 
75.9 


100.0 
63.6 
84 .5  
99 . i  
76.4 
76.8 
75.0 
70.9 . .  


72.7 
70.5 


0.867 0.054 
i:522 f 0.047 
1.839 f 0.088 
0.325 f 0.033 
1.348 f 0.077 
1.166 f 0.094 
0.558 f 0.055 
1.319 f 0.099 
0.972 f 0.047 
1.138 f 0.064 
0.721 f 0.066 
1.320 f 0.099 
1.420 f 0.036 


Mean of 13 weekly determinations. 


doses were made by means of the area equation (9) and are pre- 
sented in Table VI. It should be noted that (V&,,. has been shown 
to be mathematically identical to the ( V D ) ~  term previously defined 
(8): 


amount of drug absorbed 
B(area) ( V d a r e a  = 


where complete absorption of the dose is assumed, 0 is the 
apparent elimination rate constant, and the (area) is the area 
under a blood level curve from time = 0 to time = m . The percent 
volume of distribution for Subjects M. H. and R. R. were calcu- 
lated to be 158 and 1 7 7 z  of body weight, indicative of tissue up- 
take and possible localization of the drug. 


The percent of dose excreted as intact drug following oral ad- 
ministration of single 200-mg. doses as seen in Tables IV and V were 
25.6 and 3 6 . 4 z  for Subjects M. H. and R. R., with urinary elimina- 
tion rates of 3.6 and 3.77Jhr. corresponding to  half-lives of 19.5 
and 18.7 hr. (Fig. 5). The low recovery of the intact drug in the 
urine is an indication of biotransformation and/or alternate routes 
of excretion. 


Twenty-four-hour urine specimens were collected during the 
chronic dosing period for the above two subjects and analyzed 
for intact trimethoprim. The results are presented in Tables IV and 
V. The daily intact trimethoprim urine levels ranged from 18 to 
45 of the administered dose in Subject R. R. and from 9 to 20% 
in Subject M. H. 


Following the chronic administration of 50 mg. trimethoprim 
q.i.d. (every 5 hr.) to Subjects M. H. and R. R., they exhibited 
minimum steady-state blood levels of approximately 1.5 and 2.2 
mcg./ml., respectively, as indicated in Figs. 3 and 4. 


It is interesting to note that the steady-state blood levels are 
achieved within 2-3 days of chronic administration and that the 
steady-state levels achieved on dosing 50 mg. q.i.d. (every 5 hr.) 
are approximately the same as the single dose, 200 mg., peak blood 
level. Estimated steady-state blood levels were calculated from the 
elimination rate data utilizing a q.i.d. dosing regimen of every 6 
hr. based on the equations of Boxer et al. (10). The calculated steady- 
state minimum-maximum blood levels are 1.7-2.1 mcg./ml. for 
Subject M. H. and 2.CL2.6 mcg./ml. for Subject R. R. These sim- 
ulated values are in excellent agreement with the experimental 
finding indicated above. 


The trimethoprim blood levels reported in Table VII following 
the daily administration of 50 mg. q.i,d. for 13 weeks indicate 


that steady-state levels were evident by the end of the 1st week of 
treatment and maintained throughout the experimental period. 
This finding is substantiated by the small standard error about the 
mean blood level in each subject which is consistent with steady- 
state conditions. This would, therefore, preclude drug cumulation 
or enzyme induction by trimethoprim over a 13-week period. 


The mean minimum steady-state trimethoprim blood level of the 
13 subjects was 1.1 mcg./ml. with a range from 0.33 to 1.84 
mcg./ml. It should be noted that the subjects with the lower blood 
levels represented those with the higher body weights. The minimum 
steady-state trimethoprim blood levels seen in the 13-subject study 
group corresponds with the steady-state blood levels seen in the two- 
subject study group. In view of these findings one may predict 
blood levels resulting from multiple dosing, based on pharmaco- 
kinetic data obtained from a single dose. 


In attempting to compare the disposition profiles of trimetho- 
prim in the dog and in man, it appears that both species absorb 
the drug well and distribute the drug extensively into the tissues. 
However, differences are discernible in the rates of elimination of 
trimethoprim in that the dog eliminated the drug 4-5 times faster 
than the human Subjects M. H. and R. R. 


SUMMARY 


1. Trimethoprim appears to be absorbed well and is highly dis- 
tributed in both the dog and man. 


2. In two human subjects the intact drug was eliminated from 
the bloodstream with half-lives of 15 and 17.3 hr. 


3. In man, 50 mg. administered q.i.d. every 5 hr. gives rise to a 
steady-state blood level approximately the same as the maximum 
blood level achieved with a single 200-mg. dose. 


4. Steady-state blood levels were maintained on daily dosing 
over a 13-week interval. 


5. The low recovery of the intact drug in the urine is indicative 
of a high degree of biotransformation and/or alternate routes of 
excretion. 


6. The dog eliminated the drug 4 to 5 times faster than the 
two human subjects studied. 
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studies through reference to monographs, other texts and journal 
publications.” 


His text touches on many areas of pharmaceutics: small scale 
manufacturing, preparation of medicinals official in the Scandina- 
vian countries and, in certain instances, rationale of dosage form. 


Professor Sandell has had various levels of success in covering a 
wide range of topics; some, in a manner not usual, but in a way 
which would be welcomed, in the typical “American” text. How- 
ever, the treatment of theory and certain topics is somewhat ab- 
breviated and the approach to some of the topics is at an intermedi- 
ate rather than at a basic level. It seems that the author, in his at- 
tempt to cover a wide range of topics, has included, for example, 
areas such as Honeys and Lamillae and has given only a cursory 
treatment of Isotonicity and Hydrogen Ion Concentration. On the 
other hand there is a short, but welcomed, discussion of Jet In- 
jection. 


Almost every section has some references which may as intended, 
direct the reader to a more specialized study of the topic being con- 
sidered. However, students in the United States would find it dif- 
ficult to abstract the many foreign language publications that are 
cited. 


Generally speaking, the choice of topics and their sequence of 
presentation is logical. What is disturbing in a basic text is to find 
different levels of treatment of the material. It may be, as Professor 
Sandell states that, “this text-book is . . . typically Scandinavian. . .,” 
i.e., geared to their educational systems. 


Although this reviewer cannot recommend Pharmaceutics- 
Galenical Pharmacy as a text for undergraduates in this country, there 
is merit in the author’s approach to several topics. 


Reviewed by L. A. Luzzi 
School o f  Pharmacy 
University of Georgia 
Athens, GA 30601 W 


An Introduction to Chromatography on Impregnated Glass Fiber. By 
FREDERICK C. HAER. Ann Arbor Science Publishers, Inc., Box 
1425, Ann Arbor, MI 48106, 1969. xiv + 173 pp. 15 X 23 cm. 
Price $2.50. 
The author describes the nature and application of a variation of 


thin-layer chromatography known commercially as “instant TLC.” 
This rapid method has attracted minor usage, but is growing due to 
the present availability of several forms of impregnated adsorbents. 


The information is set out in eleven short chapters. Theory, gen- 
eral techniques, equipment, and history are described in the first 
four chapters. Individual chapters are devoted to major chemical 
groupings of lipids, amino acids, steroids, sugars, and nucleic acids. 
A separate chapter treats toxicological problems. Each chapter in- 
cludes complete procedures for sample handling, isolation, and 
purification prior to chromatography. General and theoretical as- 
pects are handled clearly and are supported by illustrations that are 
well chosen and executed. Drugs are not treated extensively, and 
pharmaceuticals not at all. The reference value of this book is limited 
largely to biochemistry, although other applications have been pub- 
lished. 


This book is a handy laboratory manual and should be available 
in any laboratory using instant TLC. It supplements the well-known 
texts on TLC and paper chromatography. It is written clearly and 
illustrated well, and it has adequate indexing and referencing. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Association Foundation 
2215 Constitution Aoe., N .  W.  
Washington, DC 20037 8 


Proceedings of the Institute on Drug Literature Evaluation. Con- 
ducted by the American Society of Hospital Pharmacists. Amer- 
ican Society of Hospital Pharmacists, 4630 Montgomery Ave., 
Washington, DC 20014, 1969. x + 192 pp. 21.3 X 27.7 cm. 
Price $7.00. 
The hospital pharmacist, as a drug information specialist, con- 


fronts the problem of locating sources of good clinical information 
on drugs and then interpreting and evaluating this information. 


As stated in the Preface, the American Society of Hospital Phar- 
macists conducted the Institute on Drug Literature Evaluation in 


March 1968, to offer presentations and a forum for discussion of 
topics designed to assist interested hospital pharmacists in becoming 
more proficient in the evaluation, understanding, and use of the 
clinical drug literature. 


Seventeen presentations of the Institute are given in this book, 
covering various topics of clinical pharmacy and literature evalua- 
tion. 


StaffReview 


NOTICES 


Subsidia Pharmaceutica 1968. Edited by Laboratory of the Swiss 
Pharmaceutical Society. Swiss Pharmaceutical Society, Markt- 
gasse 52, 3011 Bern, Switzerland, 1968. 253 pp. 17.4 X 25 cm. 
Price Sw. fr. 75.-plus postage. 


WHO Expert Committee on Specifications for Pharmaceutical Prep- 
arations: Twenty-second Report. World Health Organization 
Technical Report Series, No. 418. World Health Organization, 
1211 Geneva 27, Switzerland, 1969. 29pp. 16 X 24 cm. Price 6 / - .  
$1.00, Sw. fr. 3.--. 


A Comprehensive Guide to the English-Language Literature on 
Cannabis. By JAMES R. GAMAGE and EDMUND L. ZERKIN. Stash 
Press, The Student Association for the Study of Hallucinogens, 
Inc., 638 Pleasant St., Beloit, WI 53511, 1969. xi + 265 pp. 22 X 
30 cm. Price $5.95. 


Addendum 1969 to the British Pharmacopoeia 1968. By General 
Medical Council. The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.1, England, 1969. xx + 100 pp. 14 X 22 cm. 
Price $3 5s.  


Deutsches Arztieibuch 7. Ausg. 1968 Kommentar. By H. BoHME and 
K. HARTKE. Wissenschaftliche Verlagsgesellschaft MBH Stuttgart 
1, Postfach 40, Birkenwaldstrabe 44, 1969. xvi + 1619 pp. 17.2 X 
24.4 cm. Price DM 196,-. 


The Biochemistry of Folic Acid and Related Pteridiires. By R. L. 
BLAKLEY. North Holland Import, Wiley, 605 Third Ave., New 
York, NY 10016, 1969. xxi + 569 pp. 17.3 X 24.7 cm. Price 
$29.00. 


Welfare Medical Care: An Experiment. By CHARLES H. GOODRICH, 
M. C. OLENDZKI, and G. G .  READER. Harvard University Press, 
Cambridge, Mass., 1970. viii + 343 pp. 16.5 X 24cm. Price $7.00. 


Genetics of Antibiotic-producing Microorganisms. By G. SERMONTI. 
Wiley, 605 Third Ave., New York, NY 10016,1969. xiii + 389 pp. 
15.5 X 23.5 cm. Price$18.00. 


Practical Optical Crystallography, 2nd Edition. By N. H. HART- 
SHORNE and A. STUART. American Elsevier Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017, 1970. ix + 326 pp. 14 
X 22 cm. Price $11.50 [First edition reviewed in J. Pharm. Sci., 54, 
166( 196511. 


Medicaments Organiques De Synthese 11. By LEON VELLUZ. 
Masson et Cie, Editeurs, 120 Boulevard Saint-Germain, Paris, 
France, 1970. iii + 236 pp. 15 X 23 cm. Price 80 fr. 


Encyclopedia of Industrial Chemical Analysis. Vol 8. By FOSTER DEE 
SNELL and LESLIE S. ETTRE. Wiley, 605 Third Ave., New York, NY 
10016, 1969. xvi + 737 pp. 18.5 X 26 cm. Price $35.00, Subscrip- 
tion; $15.00, Single Copy. 


Pharmaceutical Abstracts. Vol. IX, No. 4, Vol. X, No. I & 2, and 
Vol. X, No. 3. Edited by HENRY M. BURLAGE. College of Phar- 
macy, The University of Texas, Austin, TX 78712, 1968. 21.7 X 
27.5 cm. Price $6.00, $5.80, and $4.50, respectively. Paperbound. 


Verstandliche Wissenschaji, Band 99. By H. WAGNER and RAUscH- 
GIFT-DROGEN. Springer-Verlag, 1 Berlin 33, 1969. vii + 141 pp. 
11.5 X 18.5cm. Price$2.20. 


Clinical Pharmacology (Dilling). By STANLEY ALSTEAD, J. GORDON 
MACARTHUR, and THOMAS J. THOMSON. Bailliere Tindall & 
Cassell, 7-8 Henrietta St., London, W.C. 2, England, 1969. xii + 
760 pp. 12.5 X 19 cm. Price $7.25. 


Bacterial Episonies undPlasmids. Edited by G. E. W. WOLSTENHOLME 
and MAEVE O’CONNOR. Little, Brown and Co., 34 Beacon St., 
Boston, MA 02106, 1969. xi + 268 pp. 15.5 X 23.5 cm. Price 
$12.50. 
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Sterically Hindered Esters of Vitamin A 11: Vitamin A 
a,a-Dimethylpalmitate 


A. J. FORLANO*, C. I. JAROWSKI, H. F. HAMMER, and E. G .  MERRITT 


Abstract 0 A previous study showed that short-chain sterically 
hindered esters of vitamin A demonstrated better stability in solu- 
tion than the commercial plamitate. The oxidative stability of the 
short-chain sterically hindered esters, however, was poor. This 
work indicated that a long aliphatic chain with steric hindrance in 
the a-position was necessary for maximal stability. A compound 
of this type, vitamin A a,a-dimethylpalmitate, was prepared and 
eva hated. 


Keyphrases c] Sterically hindered vitamin A esters Vitamin 
A a,a-dimethylpalmitate-synthesis 0 Stability-vitamin A a,a-di- 
methylpalmitate UV spectrophotometry-analysis 0 IR spectro- 
photometry-analysis 


The possibility of developing a vitamin A ester of 
optimum stability was suggested by the observation 
that steric hindrance in the a-position of the acid 
portion was required for good solution stability and that 


BdCH,) ,,-CH, - 
0 CH, 


I NaNH, 
C--C-(CHJ,,-(CH,) - 
0 CH:, 


CH, 0 
I II KOH 


I diethylene 
CH,j(CHJ13-C-C-NH2 - 


Vitamin A a,a-dimethylpalmitate 
Scheme I 


Preparation of Vitamin A a,a-Dimethylpalmitate 


Table I-Time Required for Complete Oxidative Degradation of 
Vitamin A Esters at 64" 


Vitamin A Vitamin A 
Palmitate ol,cY-Dimethyl- 


Commercial palmitate 


Additives BHA,a BHTb BHA, BHT 
Degradation time, hr. 64 184 
Stability factor (ratio to vitamin 


A palmitate) 1 .o 2.86 


a Butylated hydroxyanisole. * Butylated hydroxytoluene. 


a long aliphatic chain was required for maximal oxida- 
tive stability (1 , 3). Previously, Forlano and Harris (2) 
prepared a series of vitamin A esters containing an 
electronegative group such as chlorine in the a-position 
of the acid portion. These esters demonstrated increased 
stability in anhydrous ethanolic HC1 compared to 
commercial vitamin A palmitate. Biologically inactive 
anhydrovitamin A, formed by the elimination of a 
molecule of water, was the main degradative pathway in 
acidic solutions. Since it also was observed that the 
resultant polarization of the ester linkage by the electro- 
negative groups rendered these esters more sensitive to 
solvent-catalyzed elimination, the increased stability in 
anhydrous acidic media was somewhat academic. 


A careful re-examination of the Forlano and Harris 
data (2) indicated that the replacement of the electro- 
negative groups with electropositive groups should 
yield esters having greater stability towards solvent- 
and base-catalyzed attack. A series of compounds in- 
corporating electropositive groups in the a-position of 
the esters (1, 3) were demonstrated to resist such attack. 
The excellent stability pattern of these esters in alcoholic 
acid was quite unexpected, since it was assumed that the 
introduction of an electropositive group would increase 
the basicity of the carbonyl group and consequently 
favor proton-catalyzed attack. It became evident that 
steric factors as well as electronic effects were important 
parameters in the stability of vitamin A esters. These 
data indicated that reactions which involved either 
hydrolysis of the ester or lysis of the alkyl oxygen bond 
as the initiating step of the degradation were consider- 
ably decreased by the introduction of steric hindrance 
in the a-position of the acid. The increase in steric 
hindrance from a methyl to an ethyl group produced 
a slight but significant increase in solution stability. 
These short-chain (C,-C,) esters, however, lacked good 
oxidative stability, suggesting the need for a long 
aliphatic chain. 


From previous studies, therefore, it was determined 
that the features needed for optimum stability in a 
vitamin A ester are: 
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Table 11-Stability of Vitamin A Esters at 20" in the Presence of Diacetyl Tartaric Acid Mono- and 
Diglycerides With and Without Corn Oil 


w- DMP"----- -DMP + Corn Oil-- -VAP'- 7 -VAP + Corn Oil---. 
4 units/g. Retained ? units/g. Retained % ? Time, 


days units/g. Retained units/g. Retained 


0 (est.) 324,000 - 324,000 - 324,000 - 324,000 - 
11 278,000 86 329,000 100 182,000 56 263,000 81 
21 227,000 70 303,000 94 122.000 38 21 5 .OOo 66 
42 208, OOO 64 292, OOo 90 No UVc 0 182;000 56 
90 158,000d 49 255 ,OOOd 79 No UVc 0 No UVc 0 


-~ 


= Vitamin A a,a-dimethylpalmitate. Vitamin A palmitate. c No detectable vitamin A by UV method; samples had solidified indicating that 
considerable oxidation and polymerization haa occurred. d Samples still fluid at this time. 


1. Steric hindrance in the or-position of the acid 
portion, provided by electropositive alkyl groups, which 
protect the carbonyl and alkyl oxygen groups from 
reactive species through physical blockage and elec- 
tronic effects. 


2. A long aliphatic chain to protect the conjugated 
double bond system from oxygen. 


Vitamin Aqor-dimethylpalmitate, Scheme I, which was 
not prepared previously theoretically appeared to satisfy 
all these requirements, and this report, describing its 
preparation and properties, shows that it does. The 
biological availability of vitamin A from the a,a- 
dimethylpalmitate and &,or-methylethylcaproate will 
be discussed iln a future report. 


EXPERIMENTAL 


The &,a-dimethylpalmitic acid was prepared by the method of 
Bui-Hoi et al. (4). The acid chloride, prepared by reacting the acid 
with thionyl chloride, was subsequently condensed with vitamin A 
alcohol to form the ester. 


Materials-Sodamide isobutqrophenone,2 l-bromotetra- 
d e ~ a n e , ~  and diethylene glycol. 


Procedure-Eighty-eight grams sodamide (2.03 moles) was added 
to 600 ml. boiling dry toluene in a three-neck flask equipped with a 
reflux condenser, dropping funnel, and thermometer; 300 g. isobu- 
tyrophenone (2.03 moles) was added dropwise to the stirring mixture 
and the system was refluxed for 1 hr. after the addition was com- 
pleted. The reaction mixture was cooled to room temperature and 
400 g. 1-bromotetradecane (1.45 moles) was added and stirring was 
initiated. After the initial evolution of heat subsided, the mixture 
was refluxed for 4 hr. with stirring. The cooled mixture was slowly 
poured into 5 1. 5% acetic acid solution cautiously, since some 
unreacted sodamide may be present. 


The separated organic solution was washed with water until free 
of base, dried with anhydrous NanS04, and the toluene was removed 
by atmospheric distillation. The isobutyrophenone and I-bromo- 
tetradecane were subsequently removed by vacuum distillation at 
85-95" 15 mm. and 151-168" I ",,,, , respectively. There were 486 g. 
a,a-dimethylpalmitophenone (1.41 moles) collected at 213-21 7" 6 mm. 


(87% yield) and this was added slowly to a suspension of 72 g. 
sodamide in 600 ml. boiling anhydrous toluene with stirring. The 
suspension was refluxed for 8 hr. and the cooled mixture was care- 
fully washed with water to destroy any excess sodamide. Emulsifica- 
tion at this point can be reversed by distilling the mixture, since 
water forms an azeotrope with toluene which distils below the 
boiling point of both solvents. The residue was vacuum distilled 
using an air condenser, and 344 g. a,&-dimethylpalmitamide was 
collected by distilling between 229-235 lomm. .  Then 3448. (1.21 moles) 
of the amide was hydrolyzed in 1250 ml. diethylene glycol contain- 
ing 265 g. KOH by heating the mixture at 210-220" for 16 hr. with 
constant agitation. The cooled solution was diluted with three 
times itsvolume of water and made strongly acidic with concentrated 


~ ~~~~ 


1 Matheson Coleman & Bell. 
2 Eastman No. 6272. 
3 Eastman No. 3558. 


HCI. The free fatty acid, which rose to the top of the solution, was 
removed with chloroform. The chloroform layer was washed with 
water until neutral and the solvent was removed. The residue was 
distilled under vacuum and 200 g. of a material corresponding to 
a,&-dimethylpalmitic acid was collected at 225-236" mn,.. The 
boiling point was the same as that reported by Bui-Hoi ef a/ .  (4). 


The acid was converted to 142 g. of the acid chloride, b.p. 148- 
150" ,,,,,,. by refluxing 197 g. of the former compound with 166 g. 
thionyl chloride in CHCI,. Subsequently, 81 g. of the acid chloride 
was reacted with 80 g. vitamin A alcohol to yield 53 g. of vitamin A 
ester, purified by the alumina-column chromatographic procedure 
of Forlano and Harris (2). This material had an absorption maxi- 
mum at 327 my, which is typical of vitamin A esters, and an a = 
84.71 in isopropyl alcohol corresponding to 1.52 X lo6 units of 
vitamin A/g. The IR spectrum was typical of a vitamin A ester 
showing no alcohol peaks. The heavy metal content was insigni- 
ficant. 


Vitamin A esters are not crystalline and because of their high 
molecular weight and lack of thermal stability they do not lend 
themselves to melting point or boiling point determinations. Con- 
sequently, the major determination of purity for vitamin A esters 
is the a determination (a measure of the concentration of vitamin A 
chromophore) at the vitamin A ester's UV maximum. The absence 
of shoulders on either side of the maximum indicated the absence 
of oxidative, isomerization and eliminative degradation products 
in the sample. The IR spectrum showed an absence of starting 
materials such as alcohols, carboxylic acids, or acid chlorides. 
The combination of column chromatography, proper UV maxi- 
mum, and a value with an absence of shoulders and a good IR 
spectrum indicated that the product was chemically pure. 


Testing Under Use Conditions-The new ester and commercial 
vitamin A palmitate were studied in a series of practical use tests. 
The first was a thin-film oxidation test at 64" by the previous 
method (I). The time required for the complete oxidation of the 
ester (Table I) indicated that the new ester was more resistant to 
oxidation than commercial vitamin A palmitate. All vitamin A 
assays were performed by the USP method (5 ) .  


Since vitamin A palmitate is the most stable commercial ester of 
vitamin A in resisting acid degradation, the relative stability of 
the a,&-dimethylpalmitate was determined in an acidic medium 
known to cause rapid degradation of the palmitate. The agent used 
was an acidic emulsifying agent, diacetyl tartaric acid mono- and 
diglyceride~.~ The tests were conducted by dissolving enough vitamin 
A ester in the emulsifying agent to produce an initial concentration 
of 325,000 units/g. In the second part of this experiment the esters 
were dissolved in a mixture of equal parts of the emulsifying agent 
and corn oil (Wesson Oil). The samples were stored at 20" and were 
periodically assayed by the USP method (5). Table XI shows that 
commercial vitamin A palmitate was completely inactivated in 42 
days while the a,&-dimethylpalmitate ester retained half its original 
potency for twice as long. Corn oil prolonged the stability of the 
samples possibly due to a reduction in concentration of the acidic 
emulsifying agent. 


The stability of the esters in the emulsifying agent was also deter- 
mined at  28". Table 111 shows that vitamin A palmitate was com- 
pletely inactivated in half the time at  28" than at 20". The slower 
rate of decomposition of the a,a-dimethylpalmitate was approxi- 
mately the same at both temperatures. 


4 Marketed as TEM-4C by Hachmeister Division, H. J. Heinz Co.  
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Table 111-Stability of Vitamin A Palmitate and Vitamin A a,a- 
Dimethylpalmitate in Diacetyl Tartaric Acid Mono- and Diglyc- 
erides at 28" 


Table IV-Degree of Isomerization of Vitamin A/Esters (in Terms 
of Maleic Values") in the Presence of the Acidic Emulsifier, Diacetyl 
Tartaric Acid Mono- and Diglycerides at 25 O 


Vitamin A a,&- 
Vitamin A Palmitate, Dimethylpalmitate, 


Time, days units/g. units/g. 


1 
10 
15 
21 
31 
41 
53 
73 


301,000 
202,000 
- 


No UV curvea 
No UV curve" 
No UV curve" 
No UV curve" 
No UV curve" 


283,000 


243,000 
21 6,000 
177.000 


- 


i 79 iooo 
158,000 
115,000 


a At the time of assay, there was no UV absorption peak correspond- 
ing to vitamin A indicating complete loss of vitamin A potency. 


The tests in Tables I 1  and 111 were quite rigorous because the 
dispersing agent contained noticeable quantities of free acetic acid. 
The results clearly indicste the new ester's superior ability to with- 
stand strong acidic conditions and acid-catalyzed degradation. 


Further evidence of resistance to acid degradation may be found 
in the incidence of isomerization occurring in the diacetyl tartaric 
acid mono- and diglyceride mixtures. Isomerization, no doubt a 
pathway in acid-catalyzed degradation, is not readily detected 
because the molecule remains intact although there is a loss of 
biopotency. The degree of isomerization in terms of maleic values, 
as determined by reaction with maleic anhydride and colorimetric 
measurement (6), is given in Table IV. A value of approximately 
33% represents the percentage of 13-cis isomers present and ap- 
proaches isomeric equilibrium. The degree of isomerization of the 
qa-dimethylpalmitate ester is smaller than that for the palmitate 
ester in the presence of the acidic emulsifier. Corn oil retarded 
isomerization and prolonged potency of the vitamin A esters prob- 
ably by a reduction in concentration of the acidic emulsifying 
agent. 


SUMMARY AND CONCLUSIONS 


When the stability of a new ester of vitamin A was compared 
with commercial vitamin A palmitate, the following observations 
were made: 


1. Vitamin A a,a-dimethylpalmitate was considerably more 
resistant to auto-oxidation than commercial vitamin A palmitate. 


Time, DMP + VAP + 
days DMPb Corn 011 VAPc Corn Oil 


0 
11 
21 
42 
90 


<S CS t 5  < 5  .- .- ~~ -~ 
8.2 8 . 6  9.3 6 . 3  


10.8 9 .6  19.0 9 . 7  
12.6 9 . 7  22.4 11.8 
16.4 12.7 36.3 21.6 


a Expressed as % of 13-cis isomers present; value of 33 % indicates 
approximate isomeric equilibrium. b Vitamin A a,a-dimethylpalmitate. 
c Commercial vitamin A palmitate. 


2. The new ester was more stable than vitamin A palmitate in the 
presence of the acidic emulsifier, diacetyl tartaric acid mono- and 
diglycerides. 


3. Corn oil appears to retard the loss in vitamin A ester potency 
due to both acid-catalyzed degradation and isomerization probably 
by a reduction of the concentration of the acidic emulsifying agent. 


4. Isomerization of the new ester is somewhat slower in the 
presence of the acidic emulsifier than the commercial palmitate. 
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Various Species of Sulfathiazole Form 1 


LATIF S. SHENOUDA 


Abstract 0 Sulfathiazole crystallized from ethanol, a mixture of 
ethanol and benzene, a mixture of chloroform and acetone, iso- 
propyl alcohol, or 10% and 1 % ammonia solutions gives Form I, 
which consists of varying proportions of a melting species and 
another species which undergoes solid-solid transition. This was 
confirmed both microscopically and by differential scanning 
calorimetry. Crimping of the samples crystallized from ammonia 
solutions causes the separation of the peaks representing these 
species and gives a thermogram identical to that obtained from 
samples crystallized from alcohol. Grinding appears to destroy the 
melting species and to have a significant effect on the transition 
temperature but not on the heat of transition. The calculated 
average heat of transition, for ground samples crystallized from 
both ammonia solutions and from alcohol, is 1652 f 56 cal./ 
mole. 1R spectra and X-ray diffraction patterns of the powder did 
not show any major differences between samples crystallized from 
either solvent. 


Keyphrases 0 Sulfathiazole species-Form I 0 Grinding, crimp- 
ing effect-sulfathiazole crystals Melting range-sulfathiazole 
Form I crystals 0 Differential scanning calorimetry-identity 0 
IR spectrophotometry-identity 0 X-ray diffractometry-identity 


There are conflicting reports as to whether sulfathia- 
zole exists in two or three crystalline forms. Grove and 
Keenan (1) reported two forms: Forms I and I1 for 
which melting points are 175-176" and 201-202.5", 
respectively. Milosovich (2), using the solubility method, 
stated that the transition temperature of Form I is 
94.5 =t 2.7" with a heat of transition of 1744 cal./mole. 
On the other hand, Guillory (3), using differential 
thermal analysis, reported a transition temperature of 
161 " and a heat of transition of 1420 f 40 cal./mole for 
Form I. Three crystalline forms of sulfathiazole were 
reported by Miyazaki (4) and Mesley and Houghton 
(5). These forms are symbolized as a or A (I),l /3 or B 
(11), and a third form a'or C .  Theseinvestigatorsclaimed 
that the third form of sulfathiazole can only be prepared 
by crystallization from dilute ammonia solution. Form 
I can be prepared by crystallization from warm alcohol 
or a mixture of chloroform and acetone, and Form I1 
by crystallization from n-propanol at  80", sec-butanol, 
or by heating Form I at  180". 


Since sulfathiazole has been used extensively as a 
model drug in research work in recent years, it was 
found necessary to conduct a further investigation of the 
sulfathiazole polymorphic system to see whether or not 
this drug exists in more than two crystalline poly- 
morphs. 


EXPERIMENTAL 


Materials and Apparatus-Sulfathiazole NF (Mallinckrodt) was 
used in this investigation. Group I solvents consists of ethanol 
USP, a mixture of benzene and ethanol (3: l), a mixture of chloro- 
form and acetone (1 :3), isopropyl alcohol, and 1 and 10% am- 


1 Nomenclature used by other investigators. 


Table I-Thermal Data of Sulfathiazole Form I Crystallized 
from Different Solvents Using DSC 


Solid-Solid 
Transition Melting 


---Peak-- Species 
Transi- Peak, 


Treatment Temp. Temp. Temp. cal./mole 
tion Maximum Maximum AH, 


Hot Alcohol in Ice Bath 
Uncrimped 161 170 179 1792 f 249 


and un- 
ground 


and un- 
ground 


and 
crimped 


Crimped 161 170 177 2058 f 137 


1637 i 83 Ground 141 Broad - 


10 Ammonia in Crystallizing Dish 
Uncrimped 169 178 __ 1899 131 


and un- 
ground 


and 
unground 


and 
crimped 


1984 f 82 Crimped I67 174.5 177 


Ground 154 164.5 - 1647 f 49 


1 % Ammonin in Beaker without Stirring 
Uncrimped __ - 176.5 2265 f 369 


and 
unground 


and 
unground 


and 
crimped 


Crimped 159.5 171 I76 1671 f 236 


1673 f 22 Ground 157.0 167.5 - 


monia solutions. Group I1 consists of n-propanol and sec-butanol. 
Unless otherwise specified, all these solvents were reagent grade. 


A DSC-1B (Perkin-Elmer) was employed. Nitrogen, as an effluent 
gas, was used at a rate of 20 ml./min. Indium and tin were used for 
calibration of the temperature scale. In this investigation, the former 
was used as the main calibrant for calculating the heat of fusions and 
transitions since its heat of fusion is known to be 6.8 cal./g. (3, 6). 
Since a known weight of indium used in this investigation was sup- 
plied by the manufacturer, it was found necessary to check it against 
a substance whose heat of fusion is well documented. Form I1 of 
silver nitrate was used for this purpose. The heat of fusion of Form 
I1 of this compound is 2760 cal./mole (7). Areas under the peaks 
were measured with a planimeter. IR spectra were obtained using 
both KBr disks and mineral oil mulls. X-ray diffraction patterns, 
using 200-mesh powder, were obtained using a Siemens X-ray 
diffraction instrument.2 Microscopic examinations were done em- 
ploying a Zeiss polarizing research microscope equipped with a 
Kofler hot stage. 


*The patterns were obtained through the courtesy of Dr. S. C. 
Mehta at the University of Michigan College of Pharmacy, Ann Arbor, 
Mich. 
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Figure 1-Thermograms of samples crystallized from alcohol in an 
ice bath. Key: a, uncrimped and unground; b,  crimped and unground; 
c, ground and crimped; scan speed 40"lmin. Peaks appearing beIow 
200" represent the species of Form I and the peak appearing above 
this temperature represents Form 11. 


A 


Preparation of Samples-Sulfathiazole was crystallized from a 
saturated solution in the various solvents. Sulfathiazole was crys- 
tallized from 10% ammonia solution on a watch glass. On the 
other hand, crystallization from 1 % ammonia solution was per- 
formed in a beaker without stirring; the scaly crystals were filtered 
and dried at 100" for 30 min. under vacuum and scanned immediately. 


Differential Scanning Calorimetry (DSC)-Samples weighing 1-6 
mg. were used. A semimicro balance with a sensitivityof0.01 mg. was 
used to weigh all samples. A scanning speed of 40"/min. was em- 
ployed throughout this study, because a scanning speed of IO"/min. 
gave broad and irregular transition peaks. Using indium as the 
calibrant, the calculated heat of fusion of Form I1 of silver nitrate is 
2812 f 46 cal. mole. This value is comparable to the value reported 
(7). 


Since sulfathiazole does not sublime on heating, it was thought at 
first to run the crystalline material prepared from different solvents 
without subjecting them to any stress or strain, i.e., without crimping 
or grinding. The results obtained were compared with experiments 
performed on the crimped unground and crimped ground samples. 
Grinding was done using a mortar and pestle. 


Y a 
w 
I 
I- 
0 
D 
2 
W 


RESULTS AND DISCUSSION 


Microscopic examination of sulfathiazole crystallized from Group 
I solvents revealed that these samples consist of two species in vari- 
ous proportions. One species undergoes solid-solid transition in a 
temperature range of 15&166", depending on the solvent of crystal- 
lization. The second species melts between 170-176" with immediate 
partial crystallization. On further heating of the samples, complete 
melting was observed at 198-203". The latter temperature range is 
the same melting range for sulfathiazole Form I1 crystallized from 
Group I1 solvents or from warm alcohol and heated to  180". 
Crystallization of sulfathiazole from the solvents which yield Form I 
was done on a glass slide. On microscopic examination of the crys- 
tals on a hot stage, it was observed that complete melting occurred 
at 17C176" without crystallization in all cases. The absence of 
crystallization from the melt is due to the absence of seed material, 
as was demonstrated when the two species were present. 


Since the two species of sulfathiazole Form I are present regardless 
of solvent system used and since sulfathiazole crystallized from am- 


Y 


monia presents the point of controversy, it was decided to limit 
quantitative determination to crystals obtained from 10% and 1 'Z, 
ammonia solutions and to those crystallized from hot alcohol in an 
ice bath. The DSC results on those samples, subjected to various 
treatments, are summarized in Table I and their thermograms are 
shown in Figs. 1-3. Examination of the table and various thermo- 
grams in the figures shows that in the region of 14@180", there are 
one or two peaks present, depending on the solvent of crystallization 
and the treatment of the sample. For example, the thermogram for 
sulfathiazole crystallized from alcohol consists of two peaks regard- 
less of crimping. The first peak represents solid-solid transition and 
the second represents the melting species. Under the present condi- 
tions, i.e., at a scanning speed of 40°/min., it was difficult to calcu- 
late the areas under the peak of each species. Slow scanning speed of 
IO"/min. caused the separation of two peaks, but the peaks were 
broad and very hard to differentiate from the base line. The total 
area under the two peaks was measured for a scanning rate of 
40"/min., and AH was calculated. A large value of AH with a very 
large standard deviation was obtained for both crimped and un- 
crimped, unground samples. This is an indication of the nonuni- 
formity of samples or, in other words, the samples taken consist of 
various proportions of the melting species which contribute to this 
great variation. However, after grinding and crimping the sample, it 
was found that the peak of the melting species completely disap- 
peared, and only one peak was observed. The calculated heat of 
transition was found to be 1637 f 83 cal./mole. On the other hand, 
uncrimped and unground samples crystallized from ammonia gave 
one peak on scanning. An exotherm was observed in samples crys- 
tallized from 1 % ammonia and, in some instances, in samples crys- 
tallized from 10% ammonia, indicating some crystallization of the 
melt. This was confirmed by the microscopic examination, as well as 
by visual observation in the open pan while scanning. The exotherm 
was not noticed when the crystallized sample was run after a few 
days. 


After crimping the unground sample, two peaks were obtained 
similar to those obtained in the case of sulfathiazole crystallized 
from alcohol. The appearance of two peaks, the first representing 
solid-solid transition and the second representing melting, may be 
due to crimping. In the case of samples crystallized from ammonia 
solutions, crimping caused the separation of the two peaks repre- 


140 150 160 170 180 190 200 210 
TEMPERATURE 


Figure 2-Thermograms of samples crystallized from 10 am- 
monia solution in a crystallizing dish. Key: a,  uncrimped and un- 
ground; b,  crimped and unground; c ,  ground and crimped; scan speed 
40"lmin. Peaks appearing below ZOO" represent the species of Form 
I and the peak appearing above this temperature represents Form I1 
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Figure 3-Thermograms of samples crystallized from I % ammonia 
solution in a beaker without stirring. Key: a ,  uncrimped and un- 
ground; b, crimped and unground; c ,  ground and crimped; scan speed 
4O0/min. Peaks appearing below 200' represent the species of 
Form I and the peak appearing above this temperature represents 
Form I I .  


senting the two species. Upon grinding and crimping, the system was 
apparently stabilized and only one peak was observed. The cal- 
culated heats of transition are 1647 f 49 and 1673 f 22 cal./mole 
for both sulfathiazole crystallized from 10% and 1 ammonia, 
respectively. These values are not significantly different, within 
experimental errors, from the value obtained when alcohol was used 
as a crystallizing medium. The values for AH obtained from 18 runs 
gave a calculated average of 1652 3~ 56 cal./mole. It appears, there- 
fore, that crimping and grinding have an effect on the thermal 
behavior of sulfathiazole Form I. Furthermore, grinding caused a 
shift in transition temperature of about 15 and 20" in the case of 
sulfathiazole crystallized from ammonia and alcohol, respectively, 
although the calculated heats of transition are almost the same. This 
shift in transition temperatures might be due to differences in par- 
ticle size and change in thermal conductivity of the sample as re- 
ported by Guillory (3) and Moustafa and Carless @).The findings re- 
ported here are not different from those reported recently (8). In their 
report, Moustafa and Carless stated that in no case was melting ob- 
served below 200". The present results, both microscopically and 
calorimetrically, suggest the presence of a melting species and an- 
other that undergoes solid-solid transition. This phenomenon was 
observed in all cases where Form I was produced and not only in the 
case of sulfathiazole crystallized from 95 % alcohol as reported (8). 
The same authors reported that vibration milling of Form I crystal- 
lized from 95 % ethanol resulted in the transition temperature being 
lowered by 5". This finding is in agreement with the present observa- 


tion, although a more dramatic effect was noticed with grinding. 
Mesley and Houghton (5) reported differences in the IR spectra of 
sulfathiazole crystallized from dilute ammonia and from alcohol, 
although no spectra were presented in their report. In the present 
study, there were no major differences in either IR spectra or X-ray 
diffraction patterns of both samples when those patterns were com- 
pared with already published ones (8, 9). Since grinding is a pre- 
requisite for the preparation of samples tested by these techniques, 
and since it has been shown to destroy the melting species in this 
study, differences in the mentioned patterns were not observed. 


It is rather misleading to call the melting species of sulfathiazole a 
third physical form, since the techniques employed in this investiga- 
tion did not confirm its presence as a separate and pure entity with 
great differences in physical characteristics. However, the present 
results do not preclude the existence of a third form of sulfathiazole. 
It is probable that a third form does exist, although highly unstable 
on grinding, and this is probably identical to the melting species 
reported in this investigation. 


The peaks representing Form I1 in all runs performed in this study 
were evaluated and compared to those obtained from samples 
crystallized from Group I1 solvents and from warm alcohol heated 
at 180". Large variation was observed in the case of uncrimped and 
crimped, unground samples. This is probably due to incomplete 
crystallization of the melting species. However, grinding the sample 
resulted in a heat of fusion which compares well with that obtained 
from pure Form 11. The calculated average heat of fusion for this 
form, whether the starting sample was crystallized from ammonia or 
alcohol, is 6893 f 185 cal./mole. This value is comparable to the one 
reported by Moustafa and Carless (8)-viz., 6615 f 235 cal./mole. 
The scanning rate was found to have little or no effect on the value of 
AH of Form 11. In this study, it was found that there is a difference of 
about 2% in the value of AH of Form I1 scanned at lO"/min. and 
40"/min. This is the same difference observed when the calibrant was 
scanned at both rates. 
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Two-Compartment Model for a Drug and Its Metabolite: 
Application to Acetylsalicylic Acid Pharmacokinetics 


MALCOLM ROWLAND, LESLIE Z. BENET, and SIDNEY RIEGELMAN 


Abstract 0 A general solution is presented for solving the phar- 
macokinetic parameters which describe a drug and its metabolite in 
a two-compartment open model. The method is specifically applied 
to the treatment of plasma data for acetylsalicylic acid and its 
metabolite, salicylic acid, following intravenous administration of 
acetylsalicylic acid. The acetylsalicylic acid data were found to be 
adequately described by a model in which elimination occurs solely 
from the central compartment. 


Keyphrases 0 Model, two-compartment, open-pharmacokinetic 
parameters 0 Kinetic equations-two-compartment open model 
IJ Acetylsalicylic acid-pharmacokinetics 0 Concentration- 
time curve areas, ratio-drug-metabolite 


In a previous publication a comparison of two models 
was made in an attempt to describe thepharmacokinetics 
of acetylsalicylic acid (ASA) following an intravenous 
dose to man (1). An essential feature in both of these 
models was the distribution of ASA between a central 
and peripheral compartment while the comparison re- 
volved around deciding whether metabolism to salicylic 
acid (SA) occurred exclusively in the central compart- 
ment (Model A) or in both compartments (Model B, 
Fig. 1). The third possibility, i.e., metabolism solely in 
the peripheral compartment, was excluded as hydrolysis 
is known to occur in plasma, which is the reference 
system for the central compartment. In addition, it was 
tacitly assumed that Model A also described SA kinetics 
for an intravenous dose. Both models were simulated on 
an analog computer, and from the results it was sug- 
gested that only Model A adequately fitted the observed 
ASA and resultant SA plasma data. Subsequent re- 
examination of this problem shows that by using both 
the ASA and SA data, an analytical solution is available 
for determining all the rate constants for ASA in Model 
B. 


DISCUSSION 


Before proceeding with the specific problem, a number ofpertinent 
points can be made relating to the above two simple models, A 


and B. In either case the same biexponential concentration-time 
curve results from an intravenous dose of the drug into Compart- 
ment 1 and this is characterized by the exponents a and 0' together 
with the coefficients A' and B' as shown in Table I. (The double 
prime terms used in Model B are numerically equivalent to those in 
Model A, and serve only to distinguish between the models.) How- 
ever, whereas these exponents and coefficients allow a complete 
solution of all the rate constants in Model A, i.e., kZ1, klz, and k13, 
only (kz l  + k24), (k12  + k13), together with the product of kl2 and 
kzl, can be calculated in Model B. Failure to recognize these bound- 
ary conditions in Model B resulted in an incorrect analysis of the 
analog computer calculations which appeared in Fig. 6 of Reference 
1. Consequently, by just measuring the unchanged drug, it is impos- 
sible to obtain a solution for the specific rate constants in Model B. 
This may only be achieved by measuring the metabolite derived by 
biotransformation of the parent drug and by injection of this 
metabolite on a separate occasion. Such an approach, namely, fol- 
lowing a drug and one of its metabolites was used in determining 
the model necessary to describe the pharmacokinetics of ASA. As 
expected the intravenous ASA data can be fitted by either Model A 
or B. 


Enlarging this discussion leads to consideration of the more 
general situation which is represented in Model C (Fig. 2). Here 
elimination can proceed in both the tissue and peripheral compart- 
ments for drug and any metabolite that one measures. Despite this 
complexity, drug plasma levels still decline biexponentially, but with 
more rate constants involved in any one term in the equation 
describing these results (Table 11). In this case, as in Model B, if 
drug alone is measured, it is only possible to calculate the sum of 
various rate constants, i.e., (k12  + k I 3  + kl,) and (kZ1 + kz4 + kzd 
together with the product of ki2 and kz l .  Likewise, an injection of the 
metabolite only allows the solution of  ( k 4 3  + k4& ( k 3 4  $- kzs) 
together with the product of ka4  and k 4 3 .  An additional number of 
rate constants in Model C can, however, be solved by determining 
the fraction of a dose in Compartment 3 with time following the 
injection of the parent drug. The general form of this function can 
be readily derived by solving the differential equations which 
describe Model C and which are as follows: 


ti = -(klz + k u  + ~ I ~ ) * F I  + kzi.Fz 


F, = kiz.Fi - (kzi + k24 + kza)*Fz 


(Eq. 1 )  


(Eq. 2) 


(Eq. 3) 


(Eq. 4) 


i . 3  = k13.Fi + k43.F4 - (k34 + k35).F3 


64 = kz4.F~ + k34.F3 - (ka3 + kw).F4 


F 5  = k35.F3 (Eq. 5 )  


FE = k46.F4 (Eq. 6 )  


Table I-Various Parameters Which Define Models A and B in Fig. 1 


Model A Model B 


Plasma (blood) concen- 
tration time curve 


Fraction of dose in 
central compartment 


Definition of terms 
with respect to the 
appropriate model 


mi CI Fi = -- = ___ 
dose A" + B" 


~~ 
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Model A Model B Table 11-Various Parameters Which are Characteristic of 
Model C in Fig. 2 


0 0  
Figure 1-Two-compartment open system in which elimination of 
drug, introduced into Compartment 1, occurs either from that com- 
partment (Model A )  or from both compartments (Model B). 


8 


n =  1 
CF,=1 


where 


k I 3  (kZ1 + kZ1 + kzs - i)(klS + k46 - i )  + k l z . k z 4 . k ~  
( j  - i)(k - i)(l - i )  x ,  = - 


and i equals either a ,  6, y, or 6, whilej, k ,  and I are the superscripted 
values not equal to i; i.e., i = a :  


klj (kzi + kz4 + kZ8 - a)(k43 + k46 - a )  + k1z.k24.k43 ,y,= - -  
( P  - a)(r - 01x6 - a)  


Letting Ez = ka + kzl + kZ8; E4 = k43 + k46; A13 = kl~.k24.k43, :. 


Rearranging 


- FJ ~ - 
6 c 1 e - t t  


( j  - i)(k - i)(l - i )  a = ,  


S 
[(Ez - i)(E4 - i)]e-l t /[( j  - i)(k - i)(l - i ) ]  


+ A13 
z = a  


klr ~ 


e-'t/[(j - i)(k - i)(l - i)] 
I = =  


(Eq. 12) 


Since a,  0, y, and 6 are known, and the terms (k21 + kZP + k d  
and (k43  + k4s) can be determined from the values of the coefficients 
described in the intravenous data, it is possible to calculate at any 
given time all the summation terms in Eq. 11, and in the rearranged 
Eq. 12, an equation for a straight line. Also, since the corresponding 
values of F3 may be derived directly from the experimental metabo- 
lite plasma data following injection of the parent drug, it is possible 
to calculate both of the time variable functions on either side of 
Eq. 12. A plot of these functions will then give a slope of kla and 
an intercept equal to the product k1zk24k43. Therefore, even in this 
relatively complex model, the rate constant k I 3 ,  describing metabo- 
lism within the central compartment to the measured metabolite, 
can be determined. 


Amount of Drug Loss from Compartments 1 and 2-In looking at 
the general model, it is equally important to know the fraction of 
the drug which is lost from Compartment 1 and Compartment 2, 
respectively. These values are simply given as follows: 


fraction drug lost from Compartment 1 = 


(k13 + k17) l m F l  dt (Eq. 13) 


~ ~ ~~~ ~~~~~ ~~ 


Concentration-time curve 
of drug in Compartment 1 .  


Fraction of dose in 
Compartment 1. 


Definition of coefficient x, = 


C1 = Ae-at + Be-Pt 


Fl = Xae-at + X@e-Bt 


(kzi + kz4 + kzs) - a 
and exponents for drug 0-. 
introduced as a bolus uia a@ = (klz + k13 + k17) X 


C3 = Ce-rt + De-St 
Compartment 1. (kzi + kz4 + k d  - k 1 2 . k ~  


Concentration-time curve 
of metabolite intro- 
duced as a bolus via 
Compartment 3.  


Corresponding fraction 
of metabolite in 
Compartment 3. 


FS = X,e-rt + X,e-at 


(k43 + k46) - Y Corresponding defi- x, = 
nition of coefficient and 6 - 7  
exponents for metabolite. y + 6 = (k43  + k46) + 


(ka4 + kad 
~6 = (k43 f k d k 3 4  f kas) - 


ksa.kra 


fraction drug lost from Compartment 2 = 


(k24 + k2d c F z d t  (Eq. 14) 


Since the values of FI and Fz are given by: 


it follows that: 


(kia + ki7) Ez fraction drug lost from Compartment 1 = ____ 
aP 


.P 


(Eq. 17) 


kdkZ4 f (Eq. 18) fraction drug lost from Compartment 2 = 


Also, as expected, addition of Eqs. 17 and 18 and appropriate 
substitution shows that the sum of the fractions of drug lost from 
Compartments 1 and 2 is unity. 


Clearance of Drug from Compartments 1 and 2-The total body 
clearance (TBC) of drug, defined by Eq. 19, is model independent 
for an i.v. dose no matter where drug loss occurs. 


dose TBC = - -- 
o m  


J c1 dt 
0 


Model C 


0 0  
Figure 2-Compartmental model describing the distribution and 
elimination of a drug injected into Compartment I ,  elimination pro- 
ceeding by various routes from Compartments I and 2,  with a 
metabolite, 3, undergoing analogous disposition. 
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Table 111-Ratio of the Total Areas under the Metabolite Concentration-Time Curve following an Equimolar i.v. 
Dose of Drug and Metabolite 


Model 7 ,  -Ratio of Areasa- 7 


Case k4s>O k46 = 0 k 4 6  > 0 k46 = 0 


VI v 
VII 


P VIII 


P IX 


F x &= 
IV 
k13 


kl3 f k17 


V 
1 


VIII 


1 


IX 


k13 + ku 
k13 


x 
1 


a In the formulas, a p  = EIEZ - k12. k21 


Multiplying both sides of Eq. 13 by dose divided by Vl, the volume 
constant for Compartment 1 [i.e., Vl = dose/(A + B)] ,  gives: 


= (kl3 + k17) lm Cldt 
(amount of drug lost from Compartment 1) 


VI 


(Eq. 20) 


Rearranging Eq. 20 results in: 


clearance of drug from Compartment 1 = (k13 + k17) Vl (Eq. 21) 
Subtracting Eq. 21 from Eq. 19 yields the clearance of drug from 


I 0 3 


3 0 1  


6 
c-it  x 10-a (€1 - i )  (€4 - i )  1 


(j - i )  (k - i) ( I  - i )  ‘-“/f: I = =  ( j -  i ) ( k  - i )  ( I  - i )  
i=a 


Figure 3-Plot of the time variable functions in Eq. 13, Subject A. 
Slope equal to k13. 


Compartment 2, which may also be numerically given by: 


clearance of drug from Compartment 2 = (k24 + k28) V2 (Eq. 22) 
where V2, the volume constant for distribution in Compartment 2 
with reference to the concentration in Compartment 1, is defined as 


Although the volume terms Vl and Vz may not be equal to a real 
physiological space, the clearances from Compartments 1 and 2 
(as defined in Eqs. 21 and 22) are measures of an actual clearance 
for organs and/or tissues within the body. 


Area Analysis-Assuming that the rate constants defining the 
kinetics of the metabolite are independent of whether it is given 
directly or formed by the biotransformation of the parent com- 
pound, one can calculate the ratio of the total areas under the 
metabolite concentration-time curve in Compartment 3 following 
an equivalent dose of parent drug and metabolite on separate 
occasions. This is given by 


ratio of metabolite areas = 


i . v .  metabolite 


Utilizing such an equation, it is possible to investigate the influence 
of the route and magnitude of elimination and distribution on the 
area under the metabolite curve. Several such cases are illustrated 
in Table 111. Cases IX and X represent the well-known models in 
which elimination of the drug (and metabolite) occurs solely from 
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Table IV-Values Calculated to Test the Model Appropriate for ASA Pharmacokinetics 


k13 (min.-I)-. 
Subject Model Aa Model Cb kizk2akab 


Fraction ASA Fraction ASA 
Metabolized in Metabolized in 


k24< Compartment I d  Compartment 2e 


A 0.117 0.113 I x 10-4 0.005 0.95 0.05 
B 0.101f 0.095 3 x 10-4 0.009 0.94 0.06 


D 0.105 0.095 2 x 10-4 0.014 0.91 0.09 
C 0.096, 0.110 -4 x 1 0 - 4  -0.025 1.14 -0 .14  


a Taken from Reference 1. b Calculated by graphical methods utilizing Eq. 12. c Calculated using equations defined for Model B in Table I and 
graphical solution for k13. d Calculated using Eq. 17 when k17 = 0. e Calculated using Eq. 18 when kzs = 0. f These values differ slightly from those re- 
ported previously (1) due to calculation errors. 


the central compartment. Case IX is normally used to calculate 
the rate constant, kI3 ,  when the sum (kI3 + kI7)  has been determined 
from previous i.v. data. When the ratio of areas is unity, it is 
impossible to distinguish between Cases V, VIII ,  and X. The re- 
maining cases illustrate those conditions in which elimination of 
an unchanged drug also occurs from Compartment 2 and metabo- 
lite may or may not be eliminated from Compartment 4. Table 111 
clearly shows that the corresponding area analysis cannot be used 
to calculate exclusively the rate constant k 1 3 .  Rather this ratio of 
areas under the metabolite concentration-time curve is a complex 
function which results from the interplay of all the constants in the 
appropriate model. 


Examination of ASA Kinetics-Returning to the problem as- 
sociated with the ASA data, the total area under the SA plasma 
concentration-time curve was the same following either injection of 
ASA or an equivalent dose of SA. Also, it has been reported that 
only approximately 1 %  of ASA is eliminated unchanged in the 
urine (2). These data, in themselves, suggest that all the models in 
Table 111 can be excluded with the exception of Cases V, VIII, 
and X. To distinguish Case VIII from the other two, it is necessary 
to determine whether the rate constant k24 exists. This was ascer- 
tained for each of the four subjects in the study (1) by graphically 
solving Eq. 12. The values for the fraction of the dose in Compart- 
ment 3 were obtained by dividing the plasma concentration values 
for SA by the sum of the coefficients C and D ,  i.e., Fa = C3/C + D,  
while each of the time variable summation terms was calculated at 
each time point. Figure 3 illustrates such a plot for Subject A of 
Reference 1 .  As expected, a straight line was obtained for this and 
the other subjects and resultant values for k13 are shown in Table IV 
together with the intercept k12k13k24. In addition, the values for 
k13, assuming Model A for ASA, are presented. As can be seen the 
intercept was essentially zero for all subjects, indicating that the 
term k,, is small since the other rate constants, k13 and kit ,  must be 
positive and significant values as they are related to the distribution 
of ASA and SA where both of these drugs exhibit biexponential 
curves. Knowing k13, it is also possible to obtain an exact solution 
of k24 for the ASA data by appropriate substitution into the defined 
terms for Model B in Table I. These values are presented in Table IV. 


From the data in Table IV, it is obvious that the pathway desig- 
nated by k24 may be considered of only minor importance in ASA 
pharmacokinetics. It is likely that the values reported for k24 and 
the “Fraction ASA Metabolized in Compartment 2” differ from 
zero only as a result of the errors inherent in the biological experi- 
ment. This is reinforced by the negative values calculated for Subject 
C. Consequently, we are led to the conclusion that Model A rather 
than Model B describes the ASA data, and this is confirmed by the 
close similarity between the values of the rate constant, k13, deter- 
mined by the graphical solution of Eq. 12 and those given by simple 
calculation based on Model A. Accordingly, as previously suggested 


(1) the ASA i.v. data can be adequately described by the model in 
which elimination occurs solely in the central compartment. How- 
ever, because the rate constant k24 appears to be zero, one cannot 
distinguish between Cases V and X where SA is eliminated exclu- 
sively from the central compartment or from both compartments. 
Obviously were the value of k24 a significant number, then k43 and 
hence k46 could have been calculated allowing the entire ASA model 
to be characterized. 


a,  a’, a”, etc. 


El7 


A“,  


TERMINOLOGY 


refers to Compartment n. 
are the corresponding concentration, mass, and 
fraction of administered dose of a species in com- 
partment n. 
first-order rate constant for the transfer of species 
from Compartment n to m. 
are the exponents and coefficients of the equation 
describing the changes with time for the species in 
Compartment 1 following an injection of drug into 
that compartment. 
are the exponents and coefficients of the equation 
describing the changes with time for the species in 
Compartment 3 following an injection of metabolite 
into that compartment. 
are numerically equivalent and the prime terms are 
solely used to distinguish between various models 
describing the observed data. 
is the sum of all the rate constants out of compart- 
ment n. 
is the product of the rate constants involved in the 
alternate route between compartments n and m, 
i.e., A13 = k12-k24-k43. 
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studies through reference to monographs, other texts and journal 
publications.” 


His text touches on many areas of pharmaceutics: small scale 
manufacturing, preparation of medicinals official in the Scandina- 
vian countries and, in certain instances, rationale of dosage form. 


Professor Sandell has had various levels of success in covering a 
wide range of topics; some, in a manner not usual, but in a way 
which would be welcomed, in the typical “American” text. How- 
ever, the treatment of theory and certain topics is somewhat ab- 
breviated and the approach to some of the topics is at an intermedi- 
ate rather than at a basic level. It seems that the author, in his at- 
tempt to cover a wide range of topics, has included, for example, 
areas such as Honeys and Lamillae and has given only a cursory 
treatment of Isotonicity and Hydrogen Ion Concentration. On the 
other hand there is a short, but welcomed, discussion of Jet In- 
jection. 


Almost every section has some references which may as intended, 
direct the reader to a more specialized study of the topic being con- 
sidered. However, students in the United States would find it dif- 
ficult to abstract the many foreign language publications that are 
cited. 


Generally speaking, the choice of topics and their sequence of 
presentation is logical. What is disturbing in a basic text is to find 
different levels of treatment of the material. It may be, as Professor 
Sandell states that, “this text-book is . . . typically Scandinavian. . .,” 
i.e., geared to their educational systems. 


Although this reviewer cannot recommend Pharmaceutics- 
Galenical Pharmacy as a text for undergraduates in this country, there 
is merit in the author’s approach to several topics. 


Reviewed by L. A. Luzzi 
School o f  Pharmacy 
University of Georgia 
Athens, GA 30601 W 


An Introduction to Chromatography on Impregnated Glass Fiber. By 
FREDERICK C. HAER. Ann Arbor Science Publishers, Inc., Box 
1425, Ann Arbor, MI 48106, 1969. xiv + 173 pp. 15 X 23 cm. 
Price $2.50. 
The author describes the nature and application of a variation of 


thin-layer chromatography known commercially as “instant TLC.” 
This rapid method has attracted minor usage, but is growing due to 
the present availability of several forms of impregnated adsorbents. 


The information is set out in eleven short chapters. Theory, gen- 
eral techniques, equipment, and history are described in the first 
four chapters. Individual chapters are devoted to major chemical 
groupings of lipids, amino acids, steroids, sugars, and nucleic acids. 
A separate chapter treats toxicological problems. Each chapter in- 
cludes complete procedures for sample handling, isolation, and 
purification prior to chromatography. General and theoretical as- 
pects are handled clearly and are supported by illustrations that are 
well chosen and executed. Drugs are not treated extensively, and 
pharmaceuticals not at all. The reference value of this book is limited 
largely to biochemistry, although other applications have been pub- 
lished. 


This book is a handy laboratory manual and should be available 
in any laboratory using instant TLC. It supplements the well-known 
texts on TLC and paper chromatography. It is written clearly and 
illustrated well, and it has adequate indexing and referencing. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Association Foundation 
2215 Constitution Aoe., N .  W.  
Washington, DC 20037 8 


Proceedings of the Institute on Drug Literature Evaluation. Con- 
ducted by the American Society of Hospital Pharmacists. Amer- 
ican Society of Hospital Pharmacists, 4630 Montgomery Ave., 
Washington, DC 20014, 1969. x + 192 pp. 21.3 X 27.7 cm. 
Price $7.00. 
The hospital pharmacist, as a drug information specialist, con- 


fronts the problem of locating sources of good clinical information 
on drugs and then interpreting and evaluating this information. 


As stated in the Preface, the American Society of Hospital Phar- 
macists conducted the Institute on Drug Literature Evaluation in 


March 1968, to offer presentations and a forum for discussion of 
topics designed to assist interested hospital pharmacists in becoming 
more proficient in the evaluation, understanding, and use of the 
clinical drug literature. 


Seventeen presentations of the Institute are given in this book, 
covering various topics of clinical pharmacy and literature evalua- 
tion. 


StaffReview 


NOTICES 


Subsidia Pharmaceutica 1968. Edited by Laboratory of the Swiss 
Pharmaceutical Society. Swiss Pharmaceutical Society, Markt- 
gasse 52, 3011 Bern, Switzerland, 1968. 253 pp. 17.4 X 25 cm. 
Price Sw. fr. 75.-plus postage. 


WHO Expert Committee on Specifications for Pharmaceutical Prep- 
arations: Twenty-second Report. World Health Organization 
Technical Report Series, No. 418. World Health Organization, 
1211 Geneva 27, Switzerland, 1969. 29pp. 16 X 24 cm. Price 6 / - .  
$1.00, Sw. fr. 3.--. 


A Comprehensive Guide to the English-Language Literature on 
Cannabis. By JAMES R. GAMAGE and EDMUND L. ZERKIN. Stash 
Press, The Student Association for the Study of Hallucinogens, 
Inc., 638 Pleasant St., Beloit, WI 53511, 1969. xi + 265 pp. 22 X 
30 cm. Price $5.95. 


Addendum 1969 to the British Pharmacopoeia 1968. By General 
Medical Council. The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.1, England, 1969. xx + 100 pp. 14 X 22 cm. 
Price $3 5s.  


Deutsches Arztieibuch 7. Ausg. 1968 Kommentar. By H. BoHME and 
K. HARTKE. Wissenschaftliche Verlagsgesellschaft MBH Stuttgart 
1, Postfach 40, Birkenwaldstrabe 44, 1969. xvi + 1619 pp. 17.2 X 
24.4 cm. Price DM 196,-. 


The Biochemistry of Folic Acid and Related Pteridiires. By R. L. 
BLAKLEY. North Holland Import, Wiley, 605 Third Ave., New 
York, NY 10016, 1969. xxi + 569 pp. 17.3 X 24.7 cm. Price 
$29.00. 


Welfare Medical Care: An Experiment. By CHARLES H. GOODRICH, 
M. C. OLENDZKI, and G. G .  READER. Harvard University Press, 
Cambridge, Mass., 1970. viii + 343 pp. 16.5 X 24cm. Price $7.00. 


Genetics of Antibiotic-producing Microorganisms. By G. SERMONTI. 
Wiley, 605 Third Ave., New York, NY 10016,1969. xiii + 389 pp. 
15.5 X 23.5 cm. Price$18.00. 


Practical Optical Crystallography, 2nd Edition. By N. H. HART- 
SHORNE and A. STUART. American Elsevier Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017, 1970. ix + 326 pp. 14 
X 22 cm. Price $11.50 [First edition reviewed in J. Pharm. Sci., 54, 
166( 196511. 


Medicaments Organiques De Synthese 11. By LEON VELLUZ. 
Masson et Cie, Editeurs, 120 Boulevard Saint-Germain, Paris, 
France, 1970. iii + 236 pp. 15 X 23 cm. Price 80 fr. 


Encyclopedia of Industrial Chemical Analysis. Vol 8. By FOSTER DEE 
SNELL and LESLIE S. ETTRE. Wiley, 605 Third Ave., New York, NY 
10016, 1969. xvi + 737 pp. 18.5 X 26 cm. Price $35.00, Subscrip- 
tion; $15.00, Single Copy. 


Pharmaceutical Abstracts. Vol. IX, No. 4, Vol. X, No. I & 2, and 
Vol. X, No. 3. Edited by HENRY M. BURLAGE. College of Phar- 
macy, The University of Texas, Austin, TX 78712, 1968. 21.7 X 
27.5 cm. Price $6.00, $5.80, and $4.50, respectively. Paperbound. 


Verstandliche Wissenschaji, Band 99. By H. WAGNER and RAUscH- 
GIFT-DROGEN. Springer-Verlag, 1 Berlin 33, 1969. vii + 141 pp. 
11.5 X 18.5cm. Price$2.20. 


Clinical Pharmacology (Dilling). By STANLEY ALSTEAD, J. GORDON 
MACARTHUR, and THOMAS J. THOMSON. Bailliere Tindall & 
Cassell, 7-8 Henrietta St., London, W.C. 2, England, 1969. xii + 
760 pp. 12.5 X 19 cm. Price $7.25. 


Bacterial Episonies undPlasmids. Edited by G. E. W. WOLSTENHOLME 
and MAEVE O’CONNOR. Little, Brown and Co., 34 Beacon St., 
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Thin-Layer Chromatographic Method for the Determination of 
Flurandrenolone Acetonide and Some Closely Related Foreign Steroids 


RAFIK H. B1SHARA" and IVAN M. JAKOVLJEVIC 


Abstract A method is presented for the separation and deter- 
mination of flurandrenolone acetonide (6~fluoro-l la, 16a,17a,21- 
tetrahydroxy-pregn-4-ene-3,20-dione- 16,l Facetonide) and some 
closely related steroids. This is achieved by TLC on silica gel using 
a one-dimensional multiple development technique. The related 
foreign steroids are determined semiquantitatively while fluran- 
drenolone acetonide is determined quantitatively by extracting 
its spot from the plate, and comparing it to  a standard treated 
similarly. 


Keyphrases Flurandrenolone acetonide, related steroids- 
separation, determination [7 TLC-separation, identification 
Colorimetric analysis-spectrophotometer 


Interest in this laboratory for the determination of 
steroid purity using TLC has made necessary the de- 
velopment of TLC solvent systems for the separation 
and quantitation of closely related steroids. A system 
for the separation of some estrogens (1) and another 
for the separation of a mixture of closely related 6- 
fluoro-l6a-hydroxycorticosteroids (2) have been re- 
ported recently. These solvent systems proved to be 
very useful for the separation of related foreign steroids, 
intermediates, or decomposition products from the 
therapeutically active steroid. 


This paper describes a TLC method for the semi- 
quantitation of the related foreign steroids that may 
possibly exist, or the steroids which may be formed 
under artificial decomposition of flurandrenolone 
acetonide. These related foreign steroids were arbi- 
trarily chosen after examining the different methods of 
flurandenolone acetonide syntheses (3,4) and it was con- 
cluded that their presence was a possibility. Also in- 
cluded are some of the products resulting from severe 
hydrolytic deacetonation ( 5 )  and chromic acid oxida- 
tion (6) of flurandrenolone acetonide. The closely 
related foreign steroids were determined semiquantita- 
tively by visualizing the developed plate under short 
wavelength UV light and comparing their intensities to  
known amounts, while flurandrenolone acetonide was 
determined quantitatively by extracting the silica gel, 
color development with tetrazolium blue reagent, and 
measuring the absorbance at  520 mp. 


EXPERIMENTAL. 


Reagents-All chemicals, if not otherwise mentioned, were of the 


Solvent System-Benzene-ethylacetate (1 : 1) (2). 
Flurandrenolone Acetonide Reference Standard Solution-A solu- 


tion containing exactly 10 mg. of flurandrenolone acetonide per 
milliliter of chloroform-methanol (1 : 1). 


Related Foreign Steroids Solution-A mixture containing 1 mg. 
of each of the following steroids1/5 ml. of chloroform-methanol 


highest grade commercially available. 


-~~~~~~ ~ ~ 


1 The steroids used were obtained from Syntex Corp., Palo Alto, 
Calif. 


(1 : I  ): (a)  6cu-fluoro-16a,l7a,21-trihydroxy-pregn-4-ene,3,11,20-tri- 
one-1 6,17-acetonide; (b) 6a-fluoro- 1 1&1601,17a,21-tetrahydroxy- 
pregn-4-ene-3,20-dione-16,17-acetonide-2l-acetate; (c)  6a-fluoro- 
llp,16~~,17a,21 - tetrahydroxy - pregn - 4 - ene - 3,20 - dione - 16,17- 
acetonide-11-acetate; (d) 6~-fluoro-lI~,16a,17a,21-tetrahydroxy- 
pregn-4-ene-3,20-dione (flurandrenolone). 


Specially treated ethanol, tetrazolium blue reagent, and tetra- 
methylammonium hydroxide solution were prepared according to 
the method of Jakovljevic (7). 


METHOD 


The TLC plate2 (20 X 20 cm.) was activated before use by heating 
at 110" for 10-15 min. The developing chamber was lined with 
blotting paper and allowed to  stand with the solvent for 30 min. 
before use. 


Ten milligrams of the sample was weighed accurately and dis- 
solved in 1 ml. of chloroform-methanol (1 :l). The plate was di- 
vided into seven equal sections and the following amounts were 
applied 2.5 cm. from the bottom edge of the plate using micro- 
pipets. 


Section 1, 5 pl. of the related foreign steroids solution; Section 
2, 10 pl. of the ample solution; Section 3, 10 pl. of flurandrenolone 
acetonide standard solution; Section 4, was used as the plate blank; 
Section 5 ,  15 p1. of the related foreign steroids solution; Section 6, 
10 pl. o f  the sample solution; Section 7, 10 pl. of flurandrenolone 
acetonide standard solution. 


The plate was developed in the chamber allowing the solvent 
front to travel 15 cm. after passing through the point of  applica- 
tion. It was then removed from the chamber and the solvent al- 
lowed to evaporate for about 3 min. Developing and evaporation 
of the solvent were done at room temperature (25"). The plate was 
redeveloped twice more in the same direction as the first time. 
After the third removal of the solvent the spots were detected using 
a short wavelength UV light,4 and marked. 


Evaluation of the Plate-In order to determine the percentage of 
related foreign steroids in flurandrenolone acetonide, each extra 
spot, other than the main compound, appearing in the sample 
sections was compared with the spot having the same mobility 
( R ,  value) in the sections containing the related foreign steroids. 
Sections 1 and 5,  equivalent to 1 and 3 of related foreign steroids, 
respectively, were used for the semiquantitation of possible im- 
purities. 


For the quantitative determination of flurandrenolone acetonide, 
the marked areas of the main spot in Sections 2 and 6 representing 
the sample, and Sections 3 and 7 representing the standard, as well 
as an equivalent area from the blank, Section 4, were removed and 
quantitatively transferred to separate glass-stoppered centrifuge 
tubes. Ten milliliters of  absolute ethanol were added to each tube 
followed by vigorous shaking for 3 min. using a Vortex mixer.6 
The tubes were centrifuged for about 10 min. at 2000 r.pm. until 
the supernatant was clear. A 4-ml. aliquot from each tube (equiva- 
lent to 40 mcg. of flurandrenolone acetonide) was pipeted into 
separate 10-ml. volumetric flasks. The contents of all flasks were 
evaporated to dryness using mild heat and an air stream, then the 
color was developed with the tetrazolium blue reagent (7). The 
plate blank absorbance was subtracted from both the sample and 
the standard absorbances, and the corrected values were used for 
the calculation. 


2 Precoated 250-p thin-layer plates (Silica Gel F254) supplied by 


3 Micropipets, Microcaps, Drummond Scientific Co., Broomall, 


4 Chromato-Vue equipped with a short wavelength lamp (about 254 


6 Vortex Jr. Mixer, Scientific Industries, Inc., Queens Village, N. Y. 


Brinkmann Instruments, Inc., Westbury, N. Y. 


Pa. 


mp), Ultraviolet Products, Inc., Calif. 
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I Table I-Variability Data” 
1 2 3 4 5 6 


0 


0 
0 


0 0  
0 
0 


0 


i 


Figure 1-1. Flurandrenolone; 2. flurandrenolone acetonide; 3. 
6a - fluoro - 31p,16a,17a,21 - tetrahydroxy-pregn - 4 - ene - 3,20- 
dione - 16J7 - acetonide - I I  - acetate; 4. 6a -Jluoro - Iba,I?a,21- 
trihydroxy - pregn - 4 - ene - 3,11,20 - trione - 16J7 - aceionide; 5. 
601 -~¶uoro - 11/3,16a,17a,21 - tetrahydroxy -pregn - 4 - ene - 3,20- 
dione - 16,17 - acetonide - 21 - acetate; 6. mixture. Each spot re- 
presents 2 mcg. 


DISCUSSION 


In recent years, TLC has become recognized as a valuable method 
for the separation and identification of closely related compounds. 
Many solvent systems for the TLC of steroids (1,2, 8,9) have been 
reported for the separation of closely related steroids and the 
resolution (2, 10) of a- and p- steroid pairs. 


The related foreign steroids test (11-13) is now becoming one 
of the most important tests of steroidal drugs. This test uses TLC 
as a tool to detect any structurally related compounds that may 
exist in the therapeutically active steroid. 


The method described here has been used satisfactorily in this 
laboratory for the semiquantitative determination of the related 
foreign steroids that may be present in flurandrenolone acetonide. 
It was also useful in stability studies where flurandrenolone was 
detected after severe hydrolytic deacetonation ( 5 )  of flurandrenolone 
acetonide. This reaction was found (7, 14) to occur in some form- 
ulations containing flurandrenolone acetonide that were aged by 
accelerated conditions. 


The oxdiation product formed upon exposing flurandrenolone 
acetonide to chromic acid (6) was isolated and identified by IR, 
TLC, and melting point,and found to be 6a-fluoro- 6a,17a,21-trihy- 
droxy-pregn-4-ene-3,11,20-trione-16,17-acetonide. This compound 
separated by the TLC solvent system used in this method, was in- 
corporated in the related foreign steroids mixture. 


Although several solvent systems have keen reported for the 
TLC of corticosteroids. it was found that none of them could re- 
solve the mixture used in this work. The development of a new 
TLC system (2) in this laboratory made it possible to have com- 
plete resolution of this particular mixture. This was achieved after 
developing the plate three times in the same direction. Figure 1 
shows the thin-layer chromatogram of the separated steroids in- 
dividually and as a mixture. Their Rj values were reported pre- 
viously (2). To overcome any unevenly distributed plate layers, 
the sample and the standard were applied in duplicates. It was 
found that the results were reproducible. 


Average Absorbance 
of the Plate Blank Corrected 


Duplicate Samples Absorbance Absorbance 


0.290 
0.299 
0.290 
0.315 
0.310 
0.307 
0.294 
0.320 


0.010 0.280 
0.005 0.294 
0.010 0.280 
0.010 0.305 
0.008 0.302 
0.012 0.295 
0.014 0.280 
0.012 0.308 


Q Numbers represent spectrophotometric readings at 520 mp. Average 
X = 0.293; range R = 0.028; variance Sz = 0.00013742; SD = 
0.01172262; R S D  = &4.000894. 


The order of the plate sections makes it possible to have the 
sample close to two levels of the related foreign steroids; namely 
1 and 3 %, thus facilitating the visual semiquantitation under short 
wavelength UV light. 


For the quantitative elution of flurandrenolone acetonide from 
the scraped silica gel, absolute ethanol was used instead of 95% 
ethanol since a clearer separation was obtainei. 


In order to evaluate the precision of this method, 100 mcg. of a 
flurandrenolone acetonide standard material was spotted in dup- 
licate on eight TLC plates, which were then developed, eluted, and 
assayed as mentionzd. It was found that the plate blank absorbances 
vary from 1.67-4.76z of the sample absorbances. The quantita- 
tive determination of flurandrenolone acetonide by this method 
showed (Table I) a relative S D  of 1 4 . 0 %  for eight independent 
assays. 
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Quantification of the Binding Tendencies of Cholestyramine 
111: Rates of Adsorption of Conjugated Bile Salt Anions 
onto Cholestyramine as a Function of Added Inorganic 
Electrolyte Concentration, Temperature, and 
Agitation Intensity 


WILLIAM H. JOHNS* and THEODORE R. BATES 


Abstract 0 The in uitro rate of binding of several conjugated bile 
salt anions to cholestyramine was studied at 37", alone and in the 
presence of varying concentrations of sodium chloride. The kinetic 
studies were conducted under relatively mild agitation conditions 
to simulate reasonably the in uiuo situation existing in the small 
intestinal lumen. A second-order kinetic model was found to 
represent the interaction data most suitably. The rate constants for 
the adsorption process were found to decrease in the presence of 
increasing concentrations of inorganic electrolyte, the reductive 
effect being more pronounced with the trihydroxy conjugates than 
with the dihydroxy derivative. Langmuir affinity constants were 
found to parallel the apparent second-order rate constants for 
systems devoid of added inorganic electrolyte. From studies con- 
cerning the influence of temperature on the rate of interaction, cal- 
culated apparent energies of activation indicated the existence of a 
substantially lower energy barrier to the binding of the dihydroxy 
glycine-conjugated derivative, glycodeoxycholate, than for its 
trihydroxy counterpart, the glycocholate anion. Variation in the 
intensity of agitation at which the reaction was conducted had a 
more pronounced effect on the rate of uptake of the glycodeoxy- 
cholate anion by the resin than on the glycocholate anion. A log- 
log relationship was found to exist between the second-order 
interaction rate constant and the speed of agitation. The results 
obtained from the temperature and agitation studies suggested 
that the binding of bile salt anions to cholestyramine apparently 
occurs by means of a diffusion-controlled process. 


Keyphrases 0 Cholestyramine binding-conjugated bile salt 
anions [7 Electrolyte-concentration effect-cholestyramine binding 
[7 Agitation, temperature effects-anion adsorption, cholesty- 
ramine 0 Rate constants-anion adsorption, cholestyramine 
Colorimetric analysis-spectrophotometer 


It has been shown that oral administration of the 
anionic-exchange resin, cholestyramine, results in the 
lowering of intestinal bile salt concentrations (1) and 
the interruption of normal enterohepatic circulation of 
bile salts (2 ) .  Cholestyramine also decreases the ab- 
sorption of dietary cholesterol (3), fatty acids (4), and 
other materials, both exogenous and naturally occurring 
in the gastrointestinal tract, which rely on the surface- 
active properties of bile salts for their efficient in- 
testinal absorption (5, 6) .  It has been proposed previ- 
ously that the forces involved in the bile salt anion- 
cholestyramine interaction are primarily electrostatic 
in nature and are reinforced by secondary nonelectro- 
static forces (7, 8). 


The high doses required for efficacy in both clinical 
(9) and animal studies (10) suggest that cholestyramine 
is relatively inefficient in its ability to reduce intestinal 
bile salt levels, even though the capacity expected of 
such an ion-exchange resin (11) and approached by 
in vitro equilibrium experimentation with cholesty- 
ramine (7) would indicate otherwise. 


In vivo, the physiologically active glycine- and taurine- 
conjugated bile salts present in bile are secreted into 
the lumen of the duodenal segment of the small in- 
testine via the common bile duct, where they exist and 
function as endogenous surfactants in essentially the 
ionized form (12). Conservation of the secreted bile 
salts is effectively accomplished by their active reab- 
sorption from the ileal segment of the small intestine 
(13). Therefore, the resin must interact with bile salt 
anions during their residence in the duodenal and 
jejunal regions of the small intestine, prior to their re- 
absorption from the ileum. If the binding process is 
inherently slow, or if the presence of physiologic 
electrolytes or other substances normally present in the 
intestinal tract tends to retard the rate of adsorption 
onto the resin, the resin may pass into the large in- 
testine having only been partially utilized, thereby 
lowering the apparent efficiency of this pharmacologi- 
cally important adsorbent. 


In view of the fact that there would exist two dy- 
namic, competitive reactions in the fluids of the small 
intestine, that is, the bile salt anion-cholestyramine 
interaction and the active reabsorption of bile salts 
from the ileum, it was of interest to investigate the in 
vitro kinetics of the former reaction alone and under 
the influence of the physiologic electrolyte, sodium 
chloride. Sodium chloride was previously shown to 
have an inhibitory effect on the interaction of bile salt 
anions with cholestyramine, the decrease in apparent 
capacity being greater for trihydroxy bile salts (e.g., 
glycocholate and taurocholate) than for dihydroxy 
derivatives (e.g., glycodeoxycholate) (7). The authors 
proposed that the electrolyte functioned principally 
to reduce the charge density on the charged adsorbate 
and adsorbent species, thereby weakening the electro- 
static component of the interaction. 


The literature is almost devoid of investigations con- 
cerned with the rates of binding of biliary constituents 
to adsorbents of the ion-exchange type, with the ex- 
ception of the study of Sawchuk and Nairn (14) on the 
interaction of the bile pigment, bilirubin, with a series 
of anionic-exchange resins, including Dowex 1-X2. 
This work was primarily concerned with the rate of 
binding as it related to the degree of crosslinkage in the 
polyvinylstyrene skeleton of the resin polymer and the 
dependency of the adsorption rate on the particle size 
of the resin material. 


The objectives of the present investigation were to 
establish and compare the in vitro rates of binding of 
several physiologic, conjugated bile salts to cholesty- 
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ramine at  37". Studies of the adsorption-rate process in 
the presence of varying concentrations of added in- 
organic electrolyte at  37" were performed in order to 
appreciate more fully the role these endogenous ions 
may play in the in uivo rates of interaction. The in- 
fluence of temperature and rate of agitation on the 
kinetics of the bile salt anion-cholestyramine interaction 
were also explored to obtain an appreciation for the 
magnitude of the energy of activation associated with 
the rate process and to determine whether the ad- 
sorption process was film diffusion- or particle diffusion- 
controlled. Particle diffusion-controlled reactions are 
rate limited by diffusion of exchangeable ions within 
the ion-exchange particle itself, whereas film diffusion- 
controlled exchange is a result of limiting diffusion rates 
in the diffuse film surrounding the ion-exchange par- 
ticle. 


EXPERIMENTAL 


Materials and Methods-The sodium salts of taurocholic,' 
glycocholic, and glycodeoxycholic' acids were dried in cacuo for 
at least 48 hr. prior to use. Reagent grade furfuraldehyde,2 sulfuric 
and glacial acetic acids, and sodium chloride were used as received. 
The cholestyramine3 employed in this investigation was pharma- 
ceutical grade (7). 


All binding-rate studies were performed using a 250-ml., three- 
necked, round-bottom flask maintained at 37 + 0.1". Constant 
agitation of the reaction medium was accomplished by the use of a 
Cole-Parmer4 constant torque overhead stirrer (60 + 1 r.p.m.) 
equipped with a Teflon-coated three-blade propeller (blade diam- 
eter 5.0 cm.) immersed 3.8 cm. into the reaction medium. In all ex- 
periments the concentration of adsorbate initially present was main- 
tained at 1.0 millimolar (mM)6 and an equivalent amount of 
cholestyramine, based on an equivalent weight for the resin of 230, 
was employed. Each of the binding-rate experiments was per- 
formed at least in duplicate, with the rate constants obtained there- 
from falling within the limits of experimental error (Le., a 5 %  
range.) 


In the case of the aqueous systems, 57.5 mg. of cholestyramine, 
dry weight, was allowed contact with 240 ml. of deionized, distilled 
water at 37" for a period of 0.5 hr. prior to the introduction of a 
10-ml. aliquot of a bile salt stock solution. For the studies in- 
volving added inorganic electrolyte, identical procedures were 
followed except that the resin was placed in only 230 ml. of water. 
Ten-milliliter quantities of concentrated sodium chloride and bile 
salt stock solutions were simultaneously added to the reaction 
flask after a half hour. 


Samples were withdrawn from the reaction flask at appropriate 
time intervals using a 1-ml. pipet fitted with a glass wool prefilter; 
the samples were suitably diluted, if necessary, and spectrophoto- 
metrically assayed for the concentration of bile salt remaining free 
in solution (see Assay Procedure). 


Since previous work (7) had shown that sodium chloride ef- 
fectively reduced the capacity of cholestyramine for certain bile 
salt anions, the concentration of bile salt anion remaining free or 
unreacted after the reaction had reached completion was de- 
termined. Two hundred and fifty-milliliter volumes of a solution 
containing the same concentration of bile salt, or bile salt and 
sodium chloride. and the same amount of cholestyramine as that 


1 Obtained from Calbiochem, Los Angeles, Calif., Grade A. 


3 Supplied by Merck and Co., Inc., Rahway, N. J. 
4 Cole-Parmer Co., Chicago, Ill. 


5 The pH values of 1.0 m M  aqueous solutions of the sodium salts of 
taurocholic, glycocholic, and glycodeoxycholic acids, before and after 
contact with cholestyramine, remained constant a t  5.30, 6.80, and 6.60, 
respectively. These values were insignificantly influenced by the pres- 
ence or concentration of the inorganic electrolyte used in some of the 
studies. Based on the pH values obtained and the highest pKa values 
previously reported for these acids (7), it.was determined that the bile 
acids existed almost comuletelv in the ionized form (ix.,  98.9, 99.6, and 


Obtained from Distillation Products, Inc., Eastman Kodak, 
Rochester, N. Y .  


99.8 % ionized, respectively). ~ 


employed in the rate studies were placed into appropriately sealed 
bottles and shaken at 37" until equilibrium was established. Equili- 
bration was normally established within a 24-48-hr. period. These 
equilibrium data were utilized in the kinetic analysis of the results 
obtained in this investigation. 


The experimental protocol for those studies designed to es- 
tablish the role of temperature and agitation intensity on the rate of 
the bile salt anion-cholestyramine interaction was essentially the 
same as that described previously. The temperature studies were 
performed in an aqueous medium at 25, 37, and 47". The agitation 
intensity was maintained constant at 60 r.p.m. 


The influence of agitation intensity on the reaction rate was 
studied in pure aqueous medium at a constant temperature of 37 O 


and speeds of agitation of 40, 60, 70, and 100 r.p.m. In these latter 
studies, the resin was exposed to the medium, which was agitated 
at 60 r.p.m., for 30 min. After this period, the intensity of agitation 
was adjusted to the desired level and the bile salt stock solution was 
added to the system. 


Assay Procedure-The concentrations of sodium glycocholate 
and taurocholate remaining free in solution at the time of sampling 
were assayed using essentially the same method as reported by 
Irvin et al. (15). The 1-ml. sample, or a similar volume of a suitable 
dilution thereof, was heated for 0.5 hr. at 65" in the presence of 6.0 
ml. of 16 N sulfuric acid and 1 .O ml. of a 3 furfuraldehyde solu- 
tion. Stabilization of the blue color, which developed on heating, 
was accomplished by the addition of 5.0 ml. of glacial acetic acid. 
The absorbance(maximum at 660 mw), which obeyed the Beer's law 
relationship, was read using a Bausch and Lomb Spectronic-20, 
equipped with appropriate photomultiplier tube and filter. A 
solution containing no bile salt and treated in an identical manner 
served as the blank for these colorimetric determinations. The con- 
centrations of glycodeoxycholate were determined spectrophoto- 
metrically as previously described (7). 


RESULTS AND DISCUSSION 


Theory-The formation of a 1 : 1 irreversible complex between 
an anion and an anionic-exchange resin may be expressed by the 
following equation, the molecularity of which is based on well-es- 
tablished evidence for reactions of ion-exchange resins in general 
(16, 17): 


k 
(B-1 + (C+) --* (B-C) (Eq. 1) 


where (B-) represents the total concentration (mM) of anion present 
free in solution at any time t; (C+) the total concentration (meq.) 
of ionized binding sites on the anionic-exchange resin unoccupied 
by anions at any time t; (B-C) the concentration (meq.) of anion- 
resin complex formed at any time t ;  and k the second-order rate 
constant for the reaction. A similar reaction scheme, which assumes 
that the binding process is virtually irreversible, was suggested by 
Helfferich (18) as being valid in describing ion-exchange reactions, 
and has been employed by Sawchuk and Nairn (14) to interpret 
kinetically the binding between bilirubin and an anionic-exchange 
resin. 


In the bile salt-cholestyramine system under discussion in this 
paper, Eq. 1 must be modified so as to take account of the binding 
sites on the anionic-exchange resin that have been previously shown 
(7) to be unavailable for binding bile salt anions. The concentration 
of available binding sites on cholestyramine (C+J is therefore equal 
to the total concentration of sites, (C+), minus those that are un- 
available, (C+,). Unless this correction is made, the reaction would 
appear to be incomplete. 


Since a 1 : 1 stoichiometric relationship exists between the choles- 
tyramine and the bile salt anions, (C+,) at any time t must equal the 
concentration of unreacted or free bile salt available for binding to 
these sites, (B-8). Any measurable concentration of bile salt re- 
maining unreacted after the reaction has reached completion is, 
therefore, a measure of the concentration of bile salt unavailable 
for binding, (B-"), and would equal the concentration of unavailable 
unoccupied sites, (C+,). 


The magnitude of (C+,) will depend on the accessibility of binding 
positions on the interior surfaces of the resin bead which, in turn, 
is a function of the chemical structure of the bile salt anion and 
thus its ability to assume an optimal orientation for interaction 
with these sites. 
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Table I-Apparent Second-Order Rate Constants Governing the 
Binding of Conjugated Bile Salts to Cholestyramine at Various 
Sodium Chloride Concentrations" 


Table 111-Effect of Agitation Intensity on the Rate of 
Interaction of Glycine-Conjugated, Bile Salt Anions with 
Cholestyramine at  37" 


Apparent 
Second- 
Order Langmuirc 
Rate Affinity 


Constant. k' Constants 
Concn. (l.moleL1 at 25", kl 


Bile Salt of NaCl, m h - 1  X (I. mole-' 
Anionb mM lo-*) x 10-4) 


Glycocholate 
Glycocholate 
Taurocholate 
Taurocholate 


0.891 
- 


0.00 3.91 
5n.n 1.48 .. .. 


0.00 5.41 1.99 
- 2 5 . 0  3 .32  
- Taurocholate 50.0 2.53  


Taurocholate 75 .0  1.98 
Glycodeoxycholate 0.00 8.61  
Glycodeoxycholate 50.0 8.17 


- 


4.25 
- 


(1 Temperature, 37"; agitation intensity, 60 r.p.m. b The concentra- 
tions of free bile salt remaining unreacted after the reaction had reached 
completion with respect to the available binding positions on cholesty- 
ramine were: glycocholate, at 0 and 50 mM concentrations of NaCI, 
0.25 and 0.38 mM; taurocholate, at 0, 25, 50, and 75 mM concetitra- 
tions of NaC1, 0.21, 0.26, 0.30, and 0.33 mM, respectively; and glyco- 
deoxycholate, at 0 and 50 mM concentrations of NaCI, O.O! and 0.05 
mM. c These equilibrium Langmuir constants were obtained from 
Reference 7. The equilibrium binding of bile salt anions to cholesty- 
ramine appears to be essentially temperature independent. 


The addition of inorganic electrolyte to the bile saltGcholestyra- 
mine system has been shown previously to reduce the capacity of 
the resin to bind bile salt anions (7). The extent of this reduction, 
which may either result from a competitive reaction between bile 
salt and electrolyte anions for available, unoccupied positions on 
the resin or from the ability of the electrolyte to reduce the charge 
density on the resin, has been found to be not only a function of 
electrolyte concentration but also of the structure of the bile salt 
anion. In any event, (Cia) will be further reduced below that for the 
binary bile salt anion-cholestyramine system. 


Since the reaction under investigation is bimolecular, and es- 
sentially irreversible for the bile salts employed (7), the rate expres- 
sion for the disappearance of bile salt anion from solution, based 
only on available binding positions on the resin, may be expressed 
by the following equation: 


The experimental design of the binding-rate studies was such that 
the initial total concentrations of the reactants were equal [i.e., 
(B-)c, = (C+),]. A similar equality exists between (B-& and (C+,),. 
Therefore, at any time t the concentration of free bile salt available 
for binding, (B-& would be equal to the concentration of unreacted 
available adsorption sites on the resin, (C+& The term (B-&) is 
equivalent to (B-) minus(B-,), or (B-) minus (B-& since the con- 
centration of free bile salt unavailable for binding is a constant and 


Table 11-Effect of Temperature on the Rate of Interaction of 
Glycine-Conjugated, Bile Salt Anions with Cholestyramine at an 
Agitation Intensity of 60 r.p.m. 


Apparent 
Second-Order 
Rate Constant, 


Bile Salt k' (1. moie-1 
Aniona Temperature min.-' X 


Glycocholate 25 
17 


2.00 
7 .91  - .  


47 6 .60  
Glycodeoxychola te 25 7 .89  


31 8.61  
47 10.4 


Q The concentrations of free bile salt remaining unreacted after the 
reaction had reached completion with respect to the available binding 
positions on cholestyramine were essentially temperature independent 
(Table I, Footnoteb). 
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Apparent 
Second-Order 


Agitation Rate Constant, 
Bile Salt Intensity, k' (1. mole-' 
Aniona r.p.m. min.-' X 10-3 


Glycocholate 


Glycodeoxy chola te 


40 
60 
70 


100 
40 
60 
70 


100 


2 .99  
3.91 
4 .78  
5.91 
5.33 
8.61 


10.7 
14.3 


Q The concentrations of free bile salt remaining unreacted after the 
reaction had reached completion with respect to the available binding 
positions on cholestyramine were independent of agitation intensity 
(Table I, Footnoteb). 


therefore independent of time. Substitution of these conditions into 
Eq. 2, and subsequently integrating the resulting rate expression, 
yield the apparent irreversible second-order kinetic relationship 
utilized in the analysis of the bile salt uptake data: 


where k' is the apparent second-order rate constant governing the 
reaction of bile salt anions with available binding positions on 
cholestyramine. The concentration of bile salt remaining unreacted 
in solution after the reaction has reached completion [(B-,),], 
under the various experimental conditions, are listed as footnotes 
to Tables 1-111. 


Attempts to fit all of the binding-rate data to the well-established 
integrated rate expression (19) for the reversible reaction, (B-) + 
(C+) i? (B-C), yielded, in a majority of cases, curvilinear rather 
than the linear plots predicted by this reversible rate expression 
(19). This finding further supports the use of the apparent ir- 
reversible reaction scheme given by Eq. 1. 


Effect of Inorganic Electrolyte-The validity of the assumptions 
made concerning the interactions studied is evidenced by the excel- 
lent linearity of the data interpreted by utilization of Eq. 3 (Figs. 
1-3). The apparent second-order constants, k',  were calculated 
from the slope of a regression line through the data points subse- 
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Figure 1-Rate of birrding of conjugated bile salt anions to cholesty- 
ramine ar 37". Agitation inlensity, 60 r.p.m. Key: glycodeoxycholate 
(O), taurocholate (O), and glycocholate (0). 







14.0 
0 * 
X 


- h, 12.0 


E - 
v - 


8 10.0 
I' 


I 8.0 


h 


?, 


k 
s 


. 4 


1 6.0 


/ '  


% 4.0 
I 


- 
8 


h 


h 


F 2.0 
3 


10.0 20.0 30.0 40.0 50.0 
TIME, min. 


Figure 2-Rate of binding of conjugated bile salts to cholestyramine 
in the presence of a 50.0 mM concentration of sodium chloride at 
37". Agitation intensity, 60 r.p.m. Key: glycodeoxycholate (01, 
taurocholate (O), and glycocholate (@). 


quent to the initial nonlinear phase. For all of the systems under 
examination, the apparent lag times (i.e., the extrapolated, least- 
squares intercepts on the time axis of the linear segments of the 
plots shown in Figs. 1-3) ranged from 1 to 3 min. As is apparent 
from an examination of the plots shown in Fig. 1 and the rate-con- 
stant data summarized in Table I, the rate constant governing the 
bile salt&cholestyramine binding process, from a! pure aqueous 
medium, is significantly greater for the dihydroxy derivative, 
glycodeoxycholate, than for the trihydroxy salts investigated. A 
comparison of the rate-constant data for the two trihydroxy bile 
salts studied indicates that the taurine-conjugated derivative, 
taurocholate, is adsorbed onto the resin at a faster rate than the 
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Figure 3-Rute of binding of taurocholic anion to cholestyramine in 
the presence of varying concentrations of sodium chloride at 37". 
Agitation intensity, 60 r.p.m. Key: 0.00 mM NaCl (0), 25.0 mM 
NuCl(e),50.0mM NaCl(w), und 75.0mM NaCl(0).  
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Figure 4-Effect of temperature on the rafe of binding of glycine- 
conjugated, bile salt anions with cholestyramine at an agitation in- 
tensity of60r.p.m. Key: 25"(.), 37"(O),and47"(0).  


glycine-conjugated derivative, glycocholate. Also shown in Table 1 
are the affinity or association constants obtained from a Langmuir 
interpretation of equilibrium binding data for the bile salts alone 
(7). The rank order relationship existing between this parameter and 
the k' values for the binary bile salt-cholestyramine systems sug- 
gests that the affinity, which signifies the strength of interaction 
between adsorbate and adsorbent species, functions as a driving 
force for the interaction, the rate of binding increasing with in- 
creasing interaction strength. This conclusion is in agreement with 
the statements of Helfferich (20,21) concerning the role of selectivity 
in the rate of uptake of simple ions by ion-exchange resins. 


The observed rates of interaction in the ternary, bile salt-elec- 
trolyte-cholestyramine systems are significantly reduced in com- 
parison to those in the absence of added electrolyte, as is evidenced 
by a comparison of the appropriate curves presented in Figs. 1 and 
2 and the rate constants listed in Table I. The diminution in the 
rate of adsorption is decidedly more pronounced in the taurocholate- 
or glycocholate-containing systems than in the glycodeoxycholate- 
containing system. For example, at an added inorganic electrolyte 
concentration of 50 mM, there are approximately 53 and 62% de- 
creases in the rates of interaction, respectively, for the former two 
trihydroxy anions; whereas there is only a 5 %  reduction in the 
rate of binding for the latter dihydroxy bile salt anion. These re- 
sults tend to add supportive evidence to the proposed contributory 
role of nonelectrostatic interactions in the adsorption process (8), 
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Figure 5-Arrhenius relationship for glycine-conjugated, bile salt 
anion-cholestyramine interaction. Key: glycodeoxycholate (0) Gnd 
glycocholate (B). 
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TIME, min. 


Figure 6-Effect of agitation iniensity on the rule oJ' biiiding of 
glycine-conjugated, bile salt anions with cholestyramine at 37". 
Key: 100 (0), 70 (O), 60 (O), and40 (B) r.p.m. 


since electrolytes would be expected to have less of an effect on 
binding processes which are more nonelectrostatic in nature (i.e.,  
the dihydroxy bile salt-cholestyramine interaction) than on those 
interactions which are primarily due to an electrostatic mechanism 
(k., trihydroxy bile salt-cholestyramine interactions). 


The second-order rate constants appear to decrease with in- 
creasing electrolyte concentration, as is clearly exemplified by Fig. 
3 and the rate constants listed in Table I for the taurocholate- 
containing systems. This primary salt effect is most probably due to a 
reduction in the charge density associated with the two charged 
reactants produced by the screening effect of the added inorganic 
electrolyte ions. The overall result is a weakening in the electro- 
static forces between the two reactants and hence a corresponding 
decrease in the rate of interaction. A competition between bile 
salt and added chloride anions for the charged binding positions on 
cholestyramine may also be operable in the observed reduction in 
the uptake rates of taurocholate and glycocholate by the resin. 


Effect of Temperature-Presented in Fig. 4 and listed in Table I1 
are the results of the studies concerned with the temperature de- 
pendency of the initial rate of interaction between bile salt anions 
and cholestyrarnine, at a constant agitation intensity of 60 r.p.m. 
It is readily apparent from an examination of the rate-constant data 
that both glycocholate and glycodeoxycholate show an increase in 
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Figure 7- -Log apparent second-order rate constant versus log speed 
of agitation (r.p.rn.) for the interaction of glycine-conjugated, bile 
salt anions with cholestyramine at 37". Key: glycodeoxycholate (0) 
andgfycochofare (B). 


their rate of binding with increasing temperature. The 10" tem- 
perature coefficient for the reaction was estimated to be approxi- 
mately 2.1 for the former anion and 1.1 for the latter bile salt anion. 
These temperature coefficient values are of the order of magnitude 
similar to that reported for other heterogeneous, diffusion-controlled 
reactions (23,24). 


Apparent energies of activation (En)  associated with the rates of 
interaction of glycocholate and glycodeoxycholate with cholestyra- 
mine were calculated by means of the Arrhenius equation, 


En 1 logk' = logA - ___ 2.303R T 


in which k ' represents the apparent second-order rate constant, A 
is the frequency factor, E ,  is the energy of activation, R is the gas 
constant (1.987 cal./deg.-mole), and T is the absolute temperature. 
The temperature data plotted according to Eq. 4 are shown in Fig. 
5. The energy of activation for each adsorbate, as determined from 
the least-squares slope of the linear plots, was found to be +2.39 
kcal./mole for the glycodeoxycholate anion and + 10.6 kca1.l 
mole for the glycocholate anion. These findings are consistent 
with those previously obtained in that the dihydroxy bile salt anion, 
glycodeoxycholate, was suggested to  be capable of a higher degree 
of nonelectrostatic interaction with cholestyramine than was the 
trihydroxy derivative, glycocholate (8). 


Effect of Agitation Intensity-In order to ascertain whether the 
speed of agitation, to which the reaction medium was subjected, 
influenced the rate of the bile salt anion-cholestyramine interaction, 
studies were performed at a constant temperature of 37" and agita- 
tion intensities of 40, 60, 70, and 100 r.p.m. The results of these 
studies are depicted in Fig. 6 and the second-order rate constants, 
calculated from the slopes of these linear plots, are listed in Table 
111. The data obtained indicate that the rates of binding of both 
glycodeoxycholate and glycocholate anions to cholestyramine in- 
crease with increasing rate of agitation of the reaction medium, 
the former anion being more influenced by this parameter than the 
latter. 


A log-log plot of the apparent second-order rateconstants uersus 
speed of agitation (r.p.m.) is presented in Fig. 7. The excellent 
linearity of these curves suggests that agitation intensity affects the 
rate of interaction in accordance with the following empirical re- 
lationship: 


log k' = h log S + log u (Eq. 5 )  


where S represents the speed of agitation (r.p.m.), k' is the apparent 
second-order rate constant governing the interaction, and b and a 
are constants. This mathematical relationship has been commonly 
employed to aid in distinguishing the process controlling a heter- 
ogeneous reaction rate (25). Generally, if the reaction in question is 
diffusion controlled, then the value of the constant b should 
closely approach or be equal to unity, which is in agreement with 
the Nernst-Brunner film theory (25). The applicability of this equa- 
tion to bile salt anion-cholestyramine interactions becomes evident 
if one considers the adsorption process, which in essence involves 
the removal of adsorbate molecules from solution to essentially 
an undissolved state, as being the reverse of a dissolution process. 
The magnitude of the constant h for the two adsorbates was ob- 
tained from linear regression slope values of the plots illustrated 
in Fig. 7. The values of b, so determined, were 0.760 and 1.09 for 
the glycocholate and glycodeoxycholate anions. respectively, which 
suggest that the adsorption process is primarily diffusion controlled. 
It appears, therefore, that the rate of binding of bile salt anions to 
cholestyramine is dependent on the rate of diffusion of the ad- 
sorbate through a stagnant film surrounding the individual resin 
particle beads which is characteristic of film diffusion-controlled 
exchange reactions. As a result, as the speed of agitation of the 
reaction medium is increased, the thickness of this film is reduced 
and hence there is a potentiation in the rate of interaction. The 
lower h value, as well as the lower second-order rate constant at 
any speed of agitation, noted for the glycocholate-cholestyramine 
interaction as compared to that for the glycodeoxycholate anion 
can be readily explained based on the fact that trihydroxy bile salt 
anions are hydrated to a greater extent than dihydroxy derivatives 
(26). The higher apparent molecular weight of the glycocholate 
anion results in a lower diffusion coefficient for this anion, thus 
producing both a decrease in its rate of diffusion through the stag- 
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nant film as well as a decrease in its rate of interaction with this 
pharmacologically important anionic exchange resin. 


SUMMARY 


The present investigation has established, apparently for the first 
time, that the bile salt anion-cholestyramine reaction occurs by 
means of apparent second-order kinetics and that the reaction rates 
are dependent on the chemical structure of the bile salt anion par- 
ticipating in the interaction. Under conditions of mild agitation, 
it was shown that the reaction rates decrease in the following order: 
glycodeoxycholate > taurocholate > glycocholate, which parallels 
the affinity with which they bind to the resin. It is also of physi- 
ological interest that the addition of inorganic electrolyte to the 
system markedly depresses the rate of binding of the taurocholate 
and glycocholate anions to cholestyramine, which helps to explain 
why the resin is not as efficient as it should be in uiuo based on the 
recommended dosage levels prescribed. 


Both an increase in the temperature and the agitation intensity 
employed in the kinetic studies potentiated the rate of interaction 
between the glycocholate or glycodeoxycholate anion and cholesty- 
ramine. These data suggest that the binding process is most probably 
film diffusion controlled (27). 


Additional kinetic studies are being conducted in this laboratory 
in order to ascertain the influence of such parameters as resin 
particle size and the influence of other endogenous substances on 
this pharmacologically important resin-bile salt interaction. 
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Toxogonin: Blood Levels and Side Effects after 
Intramuscular Administration in Man 


FREDERICK R. SIDELL and WILLIAM A. GROFF 


Abstract 0 Toxogonin, given intramuscularly to 10 healthy young pralidoxime (chloride and methanesulfonate) suggest further in- 
men in doses of 2.5-10 mg./kg., produced dose-related oxime whole quiry into toxogonin’s therapeutic potential may be needed. 
blood levels of 6.3-26.5 mcg./ml. and hada plasma half-time of 82.8 
min. Associated side effects included tachycardia, hypertension, Keyphrases 0 Toxogonin, intramuscular injection-oxime blood 
and a dose-independent symptom complex consisting of peroral levels 0 Plasma half-life-toxogonin 0 Dose relation, toxogonin- 
warmth, paresthesia and hypalgesia, and a menthol taste. Some plasma blood levels 0 Urinary excretion-toxogonin 0 Side 
published data on the relative effectiveness of toxogonin and effects-toxogonin 


Until about a decade ago the only therapy for poison- 
ing by cholinesterase inhibitors was atropine or another 
anticholinergic drug plus supportive therapy. In the 
1950’s the oximes were developed and their usefulness as 


adjuncts to atropine was established (1, 2) .  
On the basis of therapeutic potency, relatively low 


toxicity in man, and other factors, the oxime generally 
adopted for use is pralidoxime chloride (2-PAMCI; 
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studies through reference to monographs, other texts and journal 
publications.” 


His text touches on many areas of pharmaceutics: small scale 
manufacturing, preparation of medicinals official in the Scandina- 
vian countries and, in certain instances, rationale of dosage form. 


Professor Sandell has had various levels of success in covering a 
wide range of topics; some, in a manner not usual, but in a way 
which would be welcomed, in the typical “American” text. How- 
ever, the treatment of theory and certain topics is somewhat ab- 
breviated and the approach to some of the topics is at an intermedi- 
ate rather than at a basic level. It seems that the author, in his at- 
tempt to cover a wide range of topics, has included, for example, 
areas such as Honeys and Lamillae and has given only a cursory 
treatment of Isotonicity and Hydrogen Ion Concentration. On the 
other hand there is a short, but welcomed, discussion of Jet In- 
jection. 


Almost every section has some references which may as intended, 
direct the reader to a more specialized study of the topic being con- 
sidered. However, students in the United States would find it dif- 
ficult to abstract the many foreign language publications that are 
cited. 


Generally speaking, the choice of topics and their sequence of 
presentation is logical. What is disturbing in a basic text is to find 
different levels of treatment of the material. It may be, as Professor 
Sandell states that, “this text-book is . . . typically Scandinavian. . .,” 
i.e., geared to their educational systems. 


Although this reviewer cannot recommend Pharmaceutics- 
Galenical Pharmacy as a text for undergraduates in this country, there 
is merit in the author’s approach to several topics. 


Reviewed by L. A. Luzzi 
School o f  Pharmacy 
University of Georgia 
Athens, GA 30601 W 


An Introduction to Chromatography on Impregnated Glass Fiber. By 
FREDERICK C. HAER. Ann Arbor Science Publishers, Inc., Box 
1425, Ann Arbor, MI 48106, 1969. xiv + 173 pp. 15 X 23 cm. 
Price $2.50. 
The author describes the nature and application of a variation of 


thin-layer chromatography known commercially as “instant TLC.” 
This rapid method has attracted minor usage, but is growing due to 
the present availability of several forms of impregnated adsorbents. 


The information is set out in eleven short chapters. Theory, gen- 
eral techniques, equipment, and history are described in the first 
four chapters. Individual chapters are devoted to major chemical 
groupings of lipids, amino acids, steroids, sugars, and nucleic acids. 
A separate chapter treats toxicological problems. Each chapter in- 
cludes complete procedures for sample handling, isolation, and 
purification prior to chromatography. General and theoretical as- 
pects are handled clearly and are supported by illustrations that are 
well chosen and executed. Drugs are not treated extensively, and 
pharmaceuticals not at all. The reference value of this book is limited 
largely to biochemistry, although other applications have been pub- 
lished. 


This book is a handy laboratory manual and should be available 
in any laboratory using instant TLC. It supplements the well-known 
texts on TLC and paper chromatography. It is written clearly and 
illustrated well, and it has adequate indexing and referencing. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Association Foundation 
2215 Constitution Aoe., N .  W.  
Washington, DC 20037 8 


Proceedings of the Institute on Drug Literature Evaluation. Con- 
ducted by the American Society of Hospital Pharmacists. Amer- 
ican Society of Hospital Pharmacists, 4630 Montgomery Ave., 
Washington, DC 20014, 1969. x + 192 pp. 21.3 X 27.7 cm. 
Price $7.00. 
The hospital pharmacist, as a drug information specialist, con- 


fronts the problem of locating sources of good clinical information 
on drugs and then interpreting and evaluating this information. 


As stated in the Preface, the American Society of Hospital Phar- 
macists conducted the Institute on Drug Literature Evaluation in 


March 1968, to offer presentations and a forum for discussion of 
topics designed to assist interested hospital pharmacists in becoming 
more proficient in the evaluation, understanding, and use of the 
clinical drug literature. 


Seventeen presentations of the Institute are given in this book, 
covering various topics of clinical pharmacy and literature evalua- 
tion. 


StaffReview 


NOTICES 


Subsidia Pharmaceutica 1968. Edited by Laboratory of the Swiss 
Pharmaceutical Society. Swiss Pharmaceutical Society, Markt- 
gasse 52, 3011 Bern, Switzerland, 1968. 253 pp. 17.4 X 25 cm. 
Price Sw. fr. 75.-plus postage. 


WHO Expert Committee on Specifications for Pharmaceutical Prep- 
arations: Twenty-second Report. World Health Organization 
Technical Report Series, No. 418. World Health Organization, 
1211 Geneva 27, Switzerland, 1969. 29pp. 16 X 24 cm. Price 6 / - .  
$1.00, Sw. fr. 3.--. 


A Comprehensive Guide to the English-Language Literature on 
Cannabis. By JAMES R. GAMAGE and EDMUND L. ZERKIN. Stash 
Press, The Student Association for the Study of Hallucinogens, 
Inc., 638 Pleasant St., Beloit, WI 53511, 1969. xi + 265 pp. 22 X 
30 cm. Price $5.95. 


Addendum 1969 to the British Pharmacopoeia 1968. By General 
Medical Council. The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.1, England, 1969. xx + 100 pp. 14 X 22 cm. 
Price $3 5s.  


Deutsches Arztieibuch 7. Ausg. 1968 Kommentar. By H. BoHME and 
K. HARTKE. Wissenschaftliche Verlagsgesellschaft MBH Stuttgart 
1, Postfach 40, Birkenwaldstrabe 44, 1969. xvi + 1619 pp. 17.2 X 
24.4 cm. Price DM 196,-. 


The Biochemistry of Folic Acid and Related Pteridiires. By R. L. 
BLAKLEY. North Holland Import, Wiley, 605 Third Ave., New 
York, NY 10016, 1969. xxi + 569 pp. 17.3 X 24.7 cm. Price 
$29.00. 


Welfare Medical Care: An Experiment. By CHARLES H. GOODRICH, 
M. C. OLENDZKI, and G. G .  READER. Harvard University Press, 
Cambridge, Mass., 1970. viii + 343 pp. 16.5 X 24cm. Price $7.00. 


Genetics of Antibiotic-producing Microorganisms. By G. SERMONTI. 
Wiley, 605 Third Ave., New York, NY 10016,1969. xiii + 389 pp. 
15.5 X 23.5 cm. Price$18.00. 


Practical Optical Crystallography, 2nd Edition. By N. H. HART- 
SHORNE and A. STUART. American Elsevier Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017, 1970. ix + 326 pp. 14 
X 22 cm. Price $11.50 [First edition reviewed in J. Pharm. Sci., 54, 
166( 196511. 


Medicaments Organiques De Synthese 11. By LEON VELLUZ. 
Masson et Cie, Editeurs, 120 Boulevard Saint-Germain, Paris, 
France, 1970. iii + 236 pp. 15 X 23 cm. Price 80 fr. 


Encyclopedia of Industrial Chemical Analysis. Vol 8. By FOSTER DEE 
SNELL and LESLIE S. ETTRE. Wiley, 605 Third Ave., New York, NY 
10016, 1969. xvi + 737 pp. 18.5 X 26 cm. Price $35.00, Subscrip- 
tion; $15.00, Single Copy. 


Pharmaceutical Abstracts. Vol. IX, No. 4, Vol. X, No. I & 2, and 
Vol. X, No. 3. Edited by HENRY M. BURLAGE. College of Phar- 
macy, The University of Texas, Austin, TX 78712, 1968. 21.7 X 
27.5 cm. Price $6.00, $5.80, and $4.50, respectively. Paperbound. 


Verstandliche Wissenschaji, Band 99. By H. WAGNER and RAUscH- 
GIFT-DROGEN. Springer-Verlag, 1 Berlin 33, 1969. vii + 141 pp. 
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Clinical Pharmacology (Dilling). By STANLEY ALSTEAD, J. GORDON 
MACARTHUR, and THOMAS J. THOMSON. Bailliere Tindall & 
Cassell, 7-8 Henrietta St., London, W.C. 2, England, 1969. xii + 
760 pp. 12.5 X 19 cm. Price $7.25. 


Bacterial Episonies undPlasmids. Edited by G. E. W. WOLSTENHOLME 
and MAEVE O’CONNOR. Little, Brown and Co., 34 Beacon St., 
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Comparison of Whole-Body Liquid Scintillometry, Radiography, 
and Clinical Chemical Tests in the Evaluation of the Effect of 
Chronic Corticoid Dosing on Calcium in Beagles 


M. C. BHATTI", S. M. SHAW, R. E. LEWIS, and J. E. CHRISTIAN 


Abstract 0 Chronic doses of 6a-methylprednisolone were 
administered to beagles for 106 days to bring about changes in 
calcium balance. During the initial 64 days of corticoid treatment, 
no outstanding changes were observed in the blood levels of cal- 
cium, phosphorus, or alkaline phosphatase. Radiographic changes 
in the skeleton were not seen after 64 days of treatment. Significant 
changes in 47Ca retention were detected by whole-body liquid 
scintillometry after only 13 and 28 days of corticoid administration. 
On day 64 of the study, the dosage of 6a-methylprednisolone 
was increased. Decreased levels of calcium in blood plasma and 
increased levels of plasma alkaline phosphatase were observed 
after the dose of corticoid was increased. A great reduction in 
whole-body 47Ca retention was also observed, and thinning of the 
cortices of the long bones of the legs was apparent. The results of 
the investigation indicate that whole-body liquid scintillation count- 
ing of T a  is a sensitive indicator of alterations of calcium meta- 
bolism in relation to other diagnostic methodology. 


Keyphrases 0 Corticoid administration, chronic-Ca effect evalua- 
tion 0 47Ca retention--chronic corticoid administration 0 Scintil- 
lometry-analysis 0 Atomic absorpion spectroscopy-analysis 


The diagnosis of pathologic conditions affecting the 
skeleton is difficult. Clinical chemical methods and 
radiography can rarely detect skeletal disease until a 
critical stage has developed. Routine radiographic 
methods are sensitive to rarefying osteopathies only 
after a 30-50 % loss of skeletal mineral ( 1 ,  2). There is a 
definite need for superior diagnostic methodology. 


Experimentation in this laboratory (3) and that con- 
ducted by others (4-10) have demonstrated that 47Ca 
and whole-body counting techniques show great 
promise for the evaluation of skeletal calcification. 
The purpose of the present investigation was to com- 
pare the abilities of whole-body liquid scintillation 
counting of 47Ca, routine clinical chemical methods, 
radiography, and 45Ca specific activity determinations of 
bone sample for the detection of changes in calcium 
balance brought about in beagle dogs by chronic 
dosing with the corticoid, 6a-methylprednisolone. 
Chronic administration of corticoid was chosen because 
one of the most serious complications of sustained 
glucocorticoid therapy is the development of osteoporo- 
sis (1 1). The development of osteoporosis from gluco- 
corticoid administration is an insidious process, taking 
many months to become severe enough to be capable of 
clear radiological recognition (12, 13). Skeletal altera- 
tions resulting from corticoid treatment have been well 
documented in animals (14-16). 


EXPERIMENTAL 


Five pure-bred male beagles' were used for the investigation. 
The dogs were housed together in a large indoor kennel which per- 


1 American Animal Industries, Indianapolis, Ind. 
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mitted them to  exercise freely. The dogs were maintained on a 
balanced commercial diet.2 Tap water was allowed ad libitum. At 
10 weeks of age, each dog received 100 pc. of 45Ca in two subcuta- 
neous doses 2 days apart. Approximately 50 days were allowed for 
equilibration of the isotope with the stable skeletal calcium pool. 
At various intervals throughout the study, bone samples were ob- 
tained from each dog by amputation of the third digit of a foot. 
The first phalanx of each digit was analyzed for 45Ca and total 
calcium. 


The bone was air dried, weighed, and ashed in a muffle furnace. 
The ash was dissolved in 1 N HCI. Calcium determinations were 
carried out in triplicate by atomic absorption spectroscopy3 ac- 
cording to the methodology developed for the clinical use of the 
spectrophotometer (17, 18). Determinations of 45Ca were made 
in triplicate by placing aliquots of the dissolved bone ash in a 
toluene modified XDC scintillator solution (19) and counting the 
samples with a Packard Tri-Carb scintillation ~pectrometer.~ 
An internal standardization procedure was utilized to correct the 
counting data for quenching (20). 


Following the 45Ca equilibration period, corticoid administra- 
tion was initiated. Four of the dogs received a daily oral dose of 2 
mg./kg. of body weight of 6~-methylprednisolone for 63 days. 
On the 64th day, the corticoid dose for these four dogs was 
raised to  10 mg./kg. of body weight daily and maintained until day 
106. The fifth dog served as a control and received doses of lactose 
in place of corticoid during the entire study. 


Before and during corticoid administration, the dogs were radio- 
graphed at  approximately 2-week intervals. The areas radiographed 
were the lumbar spine, foreleg, and mandible. All radiographs were 
made using regular-speed film and ultradetail intensifying screens. 


Clinical chemical determinations were performed prior to and at 
various times during corticoid dosing. After 24 hr. of fasting, a 10- 
ml. sample of whole blood was obtained from the external jugular 
vein of each dog in heparinized syringes. Plasma alkaline phospha- 
tase determinations were made using Phosphatabs-Alkaline Quan- 
titative.5 This simplified test for alkaline phosphate makes use of 
reagent tablets containing phenolphthalein phosphate substrate (21). 
The reagent tablets have been reported to produce results which 
are in excellent agreement with more sophisticated techniques for 
alkaline phosphatase determination (22-24). An analysis using a 
standardized enzyme solution6 was run with each series of alkaline 
phosphatase determinations as a check against errors in method- 
ology. Serum inorganic phosphorus was determined with Hycel 
phosphorus reagent.7 A standardized serums was analyzed with 
each series of phosphorus determinations to assure against tech- 
nical errors. Serum calcium was determined by adding 0.2 ml. of 
plasma to  5 ml. of a solution of 1 lanthanum as LaCl,.7H20 
and 5 trichloroacetic acid in double distilled water. The mixture 
was centrifuged to  precipitate the plasma proteins. The calcium 
contained in the supernatant was determined by atomic absorption 
spectroscopy. All clinical chemical determinations were made in 
triplicate. Each time clinical chemical analyses were conducted, 
the average value obtained for the corticoid-treated dogs was com- 
pared to the values for the control dog. 


2 Wayne Dog Krumettes, Allied Mills, Inc., Chicago, Il l .  
Perkin-Elmer Atomic Absorption Spectrophotometer, model 303, 


Model 574, Packard Instrument Company, Inc., Downers Grove, 


6 General Diagnostic Division, Warner-Chilcott Laboratories, Morris 


6 Versatol-E-N, General Diagnostic Division, Warner-Chilcott 


' Hycel Incorporated, Houston, Tex. 
* Versatol-A, General Diagnostic Division, Warner-Chilcott Lab- 


Perkin-Elmer, Norwalk, Conn. 
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Figure 1-Plasma alkaline phosphatase levels. Key: e, 4a-methyl- 
prednisolone-treateddogs; and U, coirtrol dog. 


A 4-pi whole-body liquid scintillation counter (3, 25) was used to 
determine whole-body retention of 47Ca. Retention of 47Ca was 
determined before corticoid administration and at four intervals 
during corticoid dosing. For each whole-body counting study, each 
dog was administered 0.2 pc. of 47Ca intravenously into the external 
jugular vein. Fifteen minutes after isotope administration, 47Ca 
retention was determined in each dog. This was considered to be 
time 0 and the count rate to  be 100% retention of 47Ca. Each dog 
was counted at given time intervals for 144 hr. after time 0. The 
a7Ca retention values for the four corticoid-treated dogs were 
averaged at each time interval. Comparisons were made between 
the average retention values after various periods of corticoid dos- 
ing and the average retention values before corticoid dosing. Whole- 
body counting data were examined statistically using an analysis of 
variance and a Newman-Keuls Sequential Range test. At the ter- 
mination of the study, the dogs were euthanitizedwith pentobarbital, 
and necropsies were performed. 


RESULTS AND DISCUSSION 


During the period of corticoid dosing at a level of 2 mg./kg. of 
body weight, no outstanding changes were observed in the plasma 
alkaline phosphatase (Fig. I ) ,  serum calcium (Fig. 2), or serum 
inorganic phosphorus (Fig. 3) levels of the treated dogs as compared 
to the control dog. No apparent radiographic changes in the tieated 
dogs in relation to the control dog were observed at this lower dosage 
level of corticoid. However, by whole-body liquid scintillometry, 
it was possible to detect significant ( p  = 0.01) changes in 47Ca 
whole-body retention in the dogs after 13 and 28 days of corticoid 
administration as compared to 47Ca retention in the same dogs 
previous to the initiation of drug treatment (Fig. 4). At each time 
period investigated, statistical differences between whole-body 47Ca 
retention curves occurred 60 hr. and thereon after 47Ca administra- 
tion. The results of the investigation during the period of corticoid 
dosing at a level of 2 mg./kg. illustrate the ability of whole-body 
liquid scintillation counting of 47Ca to detect alterations of calcium 
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Figure 2-Serum calcium feoefs. Key: 0, 6a-methylprednisolone- 
treuteddogs; aiid U, control dog. 
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Figure 3-Serum inorganic phosphoras Ieuefs. Key: ., &-methyl- 
prednisolone-treated dogs; and U, control dog. 


metabolism in the absence of radiographic and clinical chemical 
changes. 


As may be seen in Fig. 4, after 54 days of corticoid administra- 
tion at the Iower dosage level the whole-body retention of 47Ca 
began to approach the values observed before drug treatment. It 
appeared that the treated dogs were adapting to the pharrnacologic 
effect of the drug. When the dosage level of 6a-methylpred- 
nisolone was raised to 10 mg./kg. of body weight, the whole-body 
retention of 47Ca was found to be greatly decreased in the treated 
dogs in relation to 47Ca retention in the dogs before corticoid 
treatment. Following the increase in dosage level the serum calcium 
in the treated dogs was decreased in relation to the control dog. 
Also, plasma alkaline phosphatase was elevated in the treated 
dogs as compared to the control dog. No conspicuous changes 
were observed in serum inorganic phosphorus during the entire 
study. 


Radiographs taken at termination of the study (after 42 days of 
corticoid at a dose of 10 mg./kg. of body weight) showed thinning 
of the cortices of the long bones in the forelegs of the corticoid- 
treated dogs. Figure 5 illustrates the difference between the radio- 
graphic appearance of the long bones of the forelegs of the corticoid- 
treated dogs as compared to the control dog. It was also noted that 
the dogs treated with 6a-methylprednisolone developed curva- 
ture of the forelegs with the convex side anterior. Periosteal thicken- 
ing of both the radius and the ulna on the concave side (posterior) 
occurred. In the middle third of the ulna there was an increased 
transverse trabecular pattern. 


The 46Ca specific activity of bone samples was expressed as 
c.p.m. 45Ca/mg. Ca/g. bone. For each dog, the bone specific activity 
at the initiation of corticoid or control treatment was considered 
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Figure 4- Whole-body liquid scintillation determinatioti of 47Ca 
retention by dogs receiuing chronic doses of 6a-methylpredniso- 
lone. Key: e, dogs before corticoid treatment; @, dogs after I 3  
days of corticoid; a, dogs after 54 days of corticoid; A, dogs ufter 
28 days of corticoid; and 0, dogs afrer 98 days of corticoid. 
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Figure 5-Radiograph of the foreleg. Key: A, dog after chrotric doses of 6cu-methylpredt~isolone for 106days; and B, controldog. 


as 100% and subsequent samples were expressed as the percent 
of the initial specific activity remaining. After 59 days of corticoid 
dosing at a level of 2 mg./kg. of body weight, the specific activity of 
the bone samples from the treated dogs was 6 4 z  of the initial 
specific activity while the specific activity of the control dog 
was 59%. After a total of 106 days of corticoid dosing the 
specific activity of the bone samples from the treated dogs was 
63 of the specific activity found previous to the initiation of cor- 
ticoid administration while the specific activity of the control 
dog was 49%. Necropsy examinations at the termination of the 
study revealed no gross pathology in any of the dogs. However, 
gonadal atrophy was evident in the corticoid-treated dogs. 


Whole-body liquid scintillation detection of 47Ca retention in this 
investigation indicated that corticoid administration results in a 
decreased calcium retention. Collins er al. (26, 27) and Garrett 
et al. (28, 29) observed that chronic corticoid administration to 
beagle dogs resulted in decreased 47Ca uptake by bone and an in- 
creased fecal excretion of 47Ca. These workers concluded that de- 


creased bone formation rather than increased destruction was the 
major effect of administered corticoids. 


It would appear from the whole-body counting studies that either 
osteoblastic activity was depressed so that osteoclastic activity, 
normally held in balance, could show a greater net effect of resorp- 
tion on bone, or that osteoclastic activity was enhanced resulting 
in increased bone resorption. Since osteoclasts have been shown to 
be associated with phosphatase enzymes (30), increased osteo- 
clastic activity may account for the increased alkaline phosphatase 
levels observed in the corticoid-treated dogs. Conversely, the 
increased alkaline phosphatase levels may have been due to an in- 
creased osteoblastic activity attempting to heal bone damaged 
caused by the 6~.-rnethylprednisolone (31). However, Frost and 
Vilaneuva (32) examined the bones of a group of 21 human patients 
who had received cortisone or ACTH for more than 2 weeks. 
Only two cases showed normal osteoblastic activity. The remaining 
19 cases showed depression or cessation of osteoblastic activity. 
Frost (32, 33) has concluded that human patients receiving phar- 
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macodynamic doses of corticoids go into negative calcium balance as 
a result of an unequal inhibition of both bone formation and bone 
resorption. The inhibition of formation is greater than the in- 
hibition of resorption with the result that a negative skeletal balance 
ensues, leading to osteoporosis. In the present investigation, it is 
possible that an inhibition of bone formation by the corticoid may 
account for the decreased whole-body retention of 47Ca and that 
inhibition of resorption may account for the increased retention 
of 4aCa by the bone samples analyzed. The foreleg curvature de- 
veloped by the dogs treated with 60-methylprednisolone pre- 
sents further evidence of inhibited bone formation. It has been shown 
in these laboratories that retardation of the distal ulnar epiphysis in 
dogs will result in curvature of the bones of the foreleg accompanied 
by periosteal thickening of these bones on the concave area. 


SUMMARY 


From these studies it can be seen that whole-body liquid scintilla- 
tion counting of 4?Ca is a sensitive indicator of alterations of cal- 
cium metabolism in relation to other diagnostic methodology. 
During the first 64 days of corticoid treatment, no outstanding 
changes were observed in the blood levels of calcium, phosphorus, 
or alkaline phosphatase. Radiographic changes in the skeleton 
were not apparent after 64 days of treatment. However, it was pos- 
sible to detect significant changes in 47Ca retention by whole-body 
liquid scintillometry after only 13 days of corticoid administration. 
Significant radiographic and clinical chemical changes occurred 
only after elevated doses of corticoid were administered. 
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Effect of Acute and Chronic Stress on 
Amobarbital Metabolism in the Rat 


JAMES EDWARD HUFF,* STANLEY M. SHAW, and JOHN E. CHRISTIAN 


Abstract 0 Labeled amobarbital was employed in an investigation 
of the utilization of urinary excretion of a labeled compound as an 
index for indicating altered amobarbital metabolism due to a 
stress. A study of the effect of an external acute unilateral hindleg 
ligation stress showed significant differences in amobarbital and/or 
metabolite urinary excretion patterns between stress and control 
groups. Adrenal ascorbic acid as an index of acute stress showed a 
significant difference between groups. Repeated injection of amo- 
barbital as an internal chronic stress resulted in a significant dif- 
ference between stress and control rat urinary excretion of amo- 
barbital and/or metabolites. 


Keyphrases Am~barbi ta l -~~C metabolism-acute, chronic stress 
effect 0 Adrenal ascorbic acid-acute stress index 0 Stress, hind- 
leg Iigati~n-amobarbitalJ~C metabolism 0 Excretion, fecal, 
~rinary-amobarbital-~~C 0 UV spectrophotometry-analysis 0 
Scintillometr y-analysis 


The effect of various stress conditions or stressors on 
living organisms has been an area of increasing concern 
and activity in the scientific community. A recent 
review (1) listing 326 references defined stress “as the 
response of an organism to a variety of challenging and 
threatening events which inevitably occur and recur 
throughout life.” These conditions of stress may be 
initiated by a variety of physical and/or mental stimuli 
which may include infections, wounds, burns, accidental 
injuries, exposure to toxic chemicals, noise, vibrations, 
extremes of temperature, prolonged or extreme physical 
activity, ionizing radiations, sleeplessness, pain, fear, 
anxiety, and other emotional strains (2) .  It is generally 
accepted that most stressors, if sufficiently intense and 
prolonged, initiate the general adaptation syndrome 
(3), with the successive stages of alarm reaction, adapta- 
tion, and exhaustion. 


Information relating to the interaction between stress 
and drug effect is only in the embryonic stage. There 
exists a void in scientific knowledge, specifically per- 
taining to “what does happen” when a stressed indi- 
vidual receives a drug, the dose of which was titrated 
on normal subjects at  the time of the drug’s inception. 
Barry and Buckley (1) stated that the effect of stress 
may potentiate, counteract, or have no effect on the 
action of a drug, but that the variation in drug action, 
if any, should be known. Levy (4) recently stated 
that most pharmacokinetic studies are conducted on 
healthy ambulatory subjects. Levy suggested that many 
of these investigations should be carried out also on 
debilitated patients in  order to assess the effect of 
various pathological conditions on the kinetics of drug 
absorption, distribution, and elimination. 


Since barbiturates are centrally acting nervous system 
depressants used in conditions of mental and physical 
stress, an investigation of the effects of experimental 
stress on the pharmacology of barbiturates would seem 


to  be of paramount concern. Therefore, the overall 
objective of this investigation was to follow the urinary 
and fecal excretion of amobarbital and metabolites as 
observed in stressed and nonstressed rats, using tracer 
techniques, in order to determine if an alteration in the 
process of drug metabolism occurs from stressor effects; 
and to observe if the alteration can be detected using 
urinary excretion as a quantitative index of stress. The 
selected methods of stress were short term unilateral 
hindleg ligation, designated as an external acute stress, 
and repeated intraperitoneal administration of the 
barbiturate, designated as an internal chronic stress. 


EXPERIMENTAL 


Animals-Male rats of the Sprague-Dawley strain’ were used 
throughout this investigation, They were maintained on commercial 
laboratory chow2 and water ad libitum. The animal quarters were air 
conditioned and kept at 21.1-22.1’ (70-72°F.) at all times. As 
closely as possible, lighting was regulated to allow 12 hr. of uniform 
illumination and 12 hr. of darkness each day. 


The animals were initially placed in large community cages in 
groups of five for a period of 7-14 days. Gentling and petting were 
performed twice daily to individual rats. After this adjustment 
period the animals were randomly transferred to individual metabo- 
lism cages. For 7-10 days, the animals were individually weighed 
and handled each morning. Moreover, a conditioning regimen ( 5 )  
was followed for the rats used in the acute stress studies. In the con- 
ditioning program the animals received 0.5 ml. of physiologic saline 
intraperitoneally for 5 days prior to measurement of experimental 
parameters. 


Liquid Scintillation Counting-A liquid scintillation spectrom- 
eter3 was used for radioactivity determinations. An XDC scintilla- 
tor (6) was used for counting urine samples since the scintillator 
solution can contain almost 30% water and still allow good count- 
ing efficiency for lac. The TC scintillator counting solution of 
Mahin and Lofberg (7) was modified4 and used for 14C fecal count- 
ing. Absolute disintegration rates were determined by internal 
standardization (8). 


Am~barbital-~~C Assay-The radiochemical purity of amobar- 
bital-2J4C5 was determined by TLC and autoradiography. A series 
of spots ranging from 1-100 mcg. of labeled amobarbital were 
spotted on commercial adsorbent (Adsorbosil-P- I )  plates prepared 
in the usual manner and each developed in one of four solvent sys- 


Autoradiograms of the developed plates were obtained with 
Kodak No-Screen X-ray film. In all cases only one spot was visible 
and R! values for the series of spots from each of four solvent sys- 
tems were identical. No radiochemical impurities were present. No 
differences in R, value of radiochemical purity were observed 
between the acid form and a sodium salt of the amobarbital-2-14C 
when spotted using alcohol, water, or urine as the dissolution 
vehicle. 


1 Sprague-Dawley, Inc., Madison, Wis. 
2 Wayne Lab-Blox, Allied Mills, Inc., Chicago, Illinois, 
3 Packard Model 3003 Tri Carb with Packard Model 574 Automatic 


Control, Packard Instrument Co., Inc., Downers Grove, Illinois. 
The TC scintillator consisted of 5 parts toluene, 4 parts 2-ethoxy- 


ethanol, and 0.03 
6 Supplied by Smith Kline & French Laboratories, Philadelphia, 


Pa., as 5-ethyl-5-isopentylbarbituric acid-2- 1 4 C .  
6 Chloroform-acetone (9 : l ) ,  bemene-acetic acid (9 : l), dioxane- 


benzene-aqueous ammonia (20 :75 : 5), acetone-n-butyl alcohol-am- 
monium hydroxide (9 :9 :2). 


2,5-diphenyloxazole ( 6  g./l.  toluene). 
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Chemical purity of the labeled compound was determined spectro- 
photometrically.? A series of five scan curves were attained from 350 
to 190 m r  using standard and labeled amobarbital in concentrations 
of 25 to 1.6 mcg./ml. in 0.5 N sodium hydroxide solution. The 
Lambert-Beer law was obeyed and the resulting straight lines were 
similar. The scan curves were in agreement and exhibited identical 
maximum and minimum inflections at 253 and 232 mp, respectively. 
Melting point values were attained using a Buchi melting point 
apparatus for standard amobarbital(157-159") and amobarbital-2- 
14C (158-159"). The amobarbital melting points were in good agree- 
ment with the official compendia (9). 


Statistics-The Student's t test of significance between two sample 
means was used throughout the investigation. An analysis of vari- 
ance using a two-factor experimental design with repeated measures 
on one factor was used with an Ftest to determine overall differences 
in each study. The level of significance used for all determinations 
between stress groups and control groups wasp < 0.05. 


Determination of .4scorbic Acid-Eight animals were subjected 
to unilateral hindleg ligation for 1.5 hr. while eight animals served 
as controls. Animals were sacrificed by cervical dislocation. The 
adrenals were rapidly removed, trimmed of fat, and frozen until 
assay. Less than 5 min. elapsed between removal of the rat from the 
metabolism cage until the adrenals were frozen. The method of 
Maickel(10) was employed for the determination of adrenal ascorbic 
acid. The study was conducted during the winter season. 


External Acute Stress Program-An excretion study was under- 
taken during the winter season using unilateral hindleg ligation as 
the stress. Rupe (1 I ,  12) showed that rats subjected to such stress 
exhibited a shortened duration of pharmacologic response to 
various drugs. Driever ( I  3, 14) further demonstrated that stressed 
rats clear various drugs from the blood at an increased rate com- 
pared to controls. The stress was accomplished by wrapping a small 
unbroken rubber band (2 cm. in diameter) three times around the 
upper portion of the hindleg of the rat. A rapid swelling and purple 
discoloration of the leg took place. Hindleg ligation was applied to 
the stress group of 5 rats 1.5 hr. prior to intraperitoneal injection of 
amobarbitaL2-"C and removed upon injection. A group of five 
animals served as controls. A dose of 10.18 pc. (17.0 to 17.9 mg./kg.) 
of am0barbitaL2-~~C was administered to each 380-400-g. stress and 
control rat in the form of a freshly prepared sodium salt. Urine was 
collected at numerous intervals for a period of 144 hr. Fecal samples 
were taken at intervals of 0-24,24-48, 48-72, and 72-96 hr. 


Internal Chronic Stress Program-During the winter season, 30 
rats weighing between 205-234 g. were randomly divided into two 
groups; the stress group received an anesthetic dose of 35 to 40 
mg./kg. of unlabeled sodium amobarbital intraperitoneally twice 
daily while the control group received normal saline twice a day. 
Following the 14 days of pretreatment with unlabeled amobarbital 
or normal saline, all stressed and control rats received 4.98 pc. 
(11.3 to 13.6 mg./kg.) of amobarbital-2-I4C. The intervals of urine 
collection were 0-2, 2-4, 4-6, 6-8, 8-10, and 10-12 hr. while feces 
were collected only for the 0-24 hr. interval. The rats were sacrificed 
24 hr. after the injection of labeled drug by cervical dislocation. The 
entire liver from each rat was rapidly removed, rinsed in normal 
saline, blotted on a paper towel, and accurately weighed. 


RESULTS AND DISCUSSION 


Adrenal Ascorbic Acid Depletion-Mean values of 445 i 46 
and 605 f 22 mg.8 adrenal ascorbic acid per 100 g. (mg. %) of 
adrenal tissue weight for the stress and control groups, respectively, 
were obtained from this phase of the investigation. A greater 
depletion of adrenal ascorbic acid was observed in the ligated group 
than in the control group ( p  < 0.01), which indicated that a stress 
condition existed. The adrenal tissue weight of the stress and control 
groups was 35.38 & 3.56 and 38.04 & 3.54 mg., respectively. Al- 
though not statistically significant the adrenal tissue weight of the 
stress group was consistently lower than the control group. 


External Acute Stress Urinary Excretion-Comparison between 
stress and control groups of the level of amobarbital and/or metabo- 
lites excreted at each urine collection interval showed that no statisti- 
cal difference could be assigned to any specific time period. The 
cumulative mean percent of the administered dose of labeled 


' Beckinan DI<-2A Ratio Recording Spectrophotometer, Beckman 


* Resulls expressed as the mean i standard error. 
Instruments, Inc., Fullerton, California. 


TIME, hr. 


Figure 1-The effect of an external acute stress on the cumulative 
urinary excretion of amobarbitul and/or metabolites. Key: e, stress 
group; A,  control group. 


amobarbital recovered from the urine as amobarbital and/or 
metabolites during the 0-144 hr. collection interval was 82.7z for 
the control group and 90.2% for the stressed group. The urinary 
excretion rate reached a plateau at the 0-8 hr. interval (Fig. 1) with 
74.8 excreted for the nonstressed group and 81.8% for the stressed 
group. Since the two curves were relatively straight lines after the 
10-12 hr. collection period, only the 0-12 hr. cumulative interval is 
shown in Fig. 1. The control and stress urinary excretion data for the 
0-12 hr. interval were 78.8 and 86.5 x, respectively. Statistically 
significant differences ( p  < 0.05) were observed between the two 
curves for the 0-12 hr. cumulative excretion period. During the 
0-12 hr. collection interval the urine volume of the stress animals 
(7.9 ml./animal) did not differ significantly from the controls (7.2 
ml./animal). 


Internal Chronic Stress Excretion-Since most drugs are pre- 
scribed in multiple doses at regular intervals, an internal chronic 
dosage program was designed to test the more subtle type stress 
effect of repeated drug administration. Repeated administration of 
amobarbital was selected as the chronic stress even though the use of 
repeated amobarbital injections may confound the development of 
enzyme induction and tolerance to the particular drug in measuring 
effects on metabolism of the same drug. 


The mean urine, fecal, and total excretion of amobarbital and/or 
metabolites for the stress group were 88.3, 10.2, and 98.5% of the 


LrJL 


0 1 2  3 4 5  6 7 8 9 1 0 1 1 1 2  
TIME, hr. 


Figure 2-The effect of an internal chronic stress on the cunurlutive 
urinary excretion of umoburbitul undlor nierubolities. Key: stress 
group; A, control group. 
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administered dose, while the values for the control group were 79.1, 
11 .1 ,  and 90.2%. The mean cumulative urinary excretion plots for 
the stress and control groups (Fig. 2) indicate a higher cumulative 
urinary excretion level of amobarbital and/or metabolites for the 
stress group. An analysis of the stress and control data show a 
definite statistical difference ( p  < 0.01) between groups for the cumu- 
lative urinary excretion of amobarbital and/or metabolites. A 
statistical comparison of the individual time period urinary excre- 
tion data showed a significant difference ( p  < 0.05) between groups 
for the 6-8, 8-10, and 10-12 hr. collection intervals. During the 
0-12 hr. collection interval the urine volume of the stress animals 
(7.0 ml./animal) did not differ significantly from the controls (6.5 
ml./animal). 


During the 2-week pretreatment period it was noticed that the 
stress rats exhibited a shorter and shorter sleep time response to the 
same dosage of amobarbital sodium, while the control rats were not 
noticeably affected by the saline injections. The sleep time observa- 
tions were recorded only visually. Therefore, the following observa- 
tions were only qualitative; but the trend of decreased sleep time 
was definitely noticeable. The injections of amobarbital caused 
immediate induction of sleep ( 5 5 min.) during the first three days of 
treatment. Sleep induction time was initially (3 to  6 days) decreased, 
also noted by Aston and Hibbeln (15), in that the rats exhibited 
narcosis almost as soon as the needle was withdrawn. Subsequently, 
however, the induction time increased until the 9-11 day period in 
which more than one-half the rats only exhibited ataxia and not 
anesthesia. The final injection of the central nervous system depres- 
sant resulted in the majority of the rats remaining awake, while the 
ones which lost the righting reflex did so for only a brief period of 
time ( 5  10 min.). Decreased sleeping time has been demonstrated by 
others (12, 16) after barbiturate administration to rats subjected to 
unilateral hindleg ligation. It is interesting to note that mean liver 
weights were recorded as 4.571 + 0.087 and 4.478 j= 0.085 g./IOO g. 
body weight for the internal chronic stress and control rats, respec- 
tively. The results indicated no differences between groups. 


SUMMARY AND CONCLUSIONS 


Tracer techniques were utilized in an investigation of the urinary 
excretion of amobarbital in stressed and nonstressed rats. Adrenal 
ascorbic acid depletion was used as an index of external acute 
stress induction. The adrenal ascorbic acid level of the hindleg 
ligation stress group was 445 f 46 mg. while that of the control 
group was 605 =!z 22 mg.z. The significant difference of adrenal 
ascorbic acid levels between groups showed that a stress condition 
existed and that hindleg ligation as a stress was therefore applicable 
to the study of the utilization of urinary excretion as an index for 
indicating a stress condition. A study of the effect of an external 
acute unilateral hindleg ligation stress on the urinary excretion of 
amobarbital and/or metabolites showed significant differences in 
urinary excretion patterns between stress and control groups. An 
internal chronic stress study consisting of twice daily repeated injec- 


tions of amobarbital for 14 days showed a significant difference in 
urinary excretion of arnobarbital and/or metabolites between treated 
and nontreated rats. Changes in urinary excretion phenomena as B 
quantitative index of a stress-altered metabolic rate response in rats 
were shown to be applicable for the detection of the effects of 
external acute ligation stress and internal chronic repeated injection 
stress. 
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nant film as well as a decrease in its rate of interaction with this 
pharmacologically important anionic exchange resin. 


SUMMARY 


The present investigation has established, apparently for the first 
time, that the bile salt anion-cholestyramine reaction occurs by 
means of apparent second-order kinetics and that the reaction rates 
are dependent on the chemical structure of the bile salt anion par- 
ticipating in the interaction. Under conditions of mild agitation, 
it was shown that the reaction rates decrease in the following order: 
glycodeoxycholate > taurocholate > glycocholate, which parallels 
the affinity with which they bind to the resin. It is also of physi- 
ological interest that the addition of inorganic electrolyte to the 
system markedly depresses the rate of binding of the taurocholate 
and glycocholate anions to cholestyramine, which helps to explain 
why the resin is not as efficient as it should be in uiuo based on the 
recommended dosage levels prescribed. 


Both an increase in the temperature and the agitation intensity 
employed in the kinetic studies potentiated the rate of interaction 
between the glycocholate or glycodeoxycholate anion and cholesty- 
ramine. These data suggest that the binding process is most probably 
film diffusion controlled (27). 


Additional kinetic studies are being conducted in this laboratory 
in order to ascertain the influence of such parameters as resin 
particle size and the influence of other endogenous substances on 
this pharmacologically important resin-bile salt interaction. 
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Toxogonin: Blood Levels and Side Effects after 
Intramuscular Administration in Man 


FREDERICK R. SIDELL and WILLIAM A. GROFF 


Abstract 0 Toxogonin, given intramuscularly to 10 healthy young pralidoxime (chloride and methanesulfonate) suggest further in- 
men in doses of 2.5-10 mg./kg., produced dose-related oxime whole quiry into toxogonin’s therapeutic potential may be needed. 
blood levels of 6.3-26.5 mcg./ml. and hada plasma half-time of 82.8 
min. Associated side effects included tachycardia, hypertension, Keyphrases 0 Toxogonin, intramuscular injection-oxime blood 
and a dose-independent symptom complex consisting of peroral levels 0 Plasma half-life-toxogonin 0 Dose relation, toxogonin- 
warmth, paresthesia and hypalgesia, and a menthol taste. Some plasma blood levels 0 Urinary excretion-toxogonin 0 Side 
published data on the relative effectiveness of toxogonin and effects-toxogonin 


Until about a decade ago the only therapy for poison- 
ing by cholinesterase inhibitors was atropine or another 
anticholinergic drug plus supportive therapy. In the 
1950’s the oximes were developed and their usefulness as 


adjuncts to atropine was established (1, 2) .  
On the basis of therapeutic potency, relatively low 


toxicity in man, and other factors, the oxime generally 
adopted for use is pralidoxime chloride (2-PAMCI; 
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Figure 1-Toxogonin (im.): plasma oxime lialues versus tirnc. 


2-pyridine aldoxime methochloride). However, largely 
because of the enthusiasm of Engelhard and Erdmann 
(3, 4), interest has been generated in a newer oxime, tox- 
ogonin [LuH6 ; N,N'-oxydimethylene bis(pyridinium-4- 
aldoxime)dichloride], said to be more effective than 
pralidoxime chloride. It is similar structurally to  
TMB-4 ","-trimethylene bis(pyridinium-4-aldoxime) 
dibromide], which has been shown to be more active 
than pralidoxime chloride therapeutically (5-8) but also 
more toxic in man (9, 10). 


Most reports on the administration of toxogonin to 
humans would appear to be those of Erdmann and Engel- 
hard. They reported that toxogonin (250 mg., i.v.) was 
superior to pralidoxime chloride in three cases of E-605 
(parathion) poisoning (1 l) ,  and they studied symptoms 
and blood levels of oxime in 12 healthy young male 
volunteers who were given 250 mg. of toxogonin intra- 
muscularly in a 25 % solution (12). The purposes of this 
study were: to extend these latter observations over a 
wider dose range, to study the blood levels and excretion 
patterns of this oxime, and to  determine what, if any, 
undesirable side effects would be produced. 


SUBJECTS AND METHODS 


The subjects were U. S .  Army enlisted men, ages 18 to 24 years 
(average 21 years), who volunteered for this study. Each had a com- 
plete medical evaluation including a physical examination, chest 
X-ray, electrocardiogram, and laboratory tests [hematocrit, total 
and differential white blood cell count, urinalysis, including micro- 
scopic examination, blood urea nitrogen (BUN), serum glutamic 
oxaloacetic transaminase (SGOT), alkaline phosphatase, bilirubin, 
serum creatinine, and red blood cell and plasma cholinesterase], 
and they were found to be free from any abnormality before being 
accepted into the study. They were told that they would take 
part in a study of a new and possibly very effective antidote for nerve 
agent poisoning; the test procedures were described to them, includ- 
ing the necessity of multiple venipunctures. They were told that there 
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Figure 2-Toxogonin (im.): whole blood oxime leueIs versus time. 


might possibly be some symptoms, but these were left unspecified. 
The only reward for participation was an extra day off. 


The volunteers slept in the ward the evening before the test. 
Fluid intake was maintained at a high level prior to and throughout 
the test. During the hour before the drug was administered, three 
measurements were recorded of supine blood pressure, heart rate, 
and pupil size. After appropriate control urine and blood specimens 
had been taken, the subjects ate a light breakfast. 


Except to void, the subjects remained in bed during the first 3 hr. 
of the test; for the remainder of the 24-hr. test period, they were 
allowed to be up and around the ward. Blood pressure and heart rate 
were measured every 15 min. for 2 hr. after administration of the 
drug. Blood samples were taken at 5,10,20,30,60,90, 120, and 180 
min. after drug. The subjects were asked to void every 30 min. for 3 
hr.; for the next 21 hr., all urine was collected, but no attempt was 
made to follow a definite schedule. 


Whole blood, plasma, and urine were analyzed for oxime content 
by the method described by Groff and Ellin (13). Blood and plasma 
were analyzed within minutes of collection; the urine was refrig- 
erated and analyzed several days later. Preliminary studies per- 
formed by adding a known amount of toxogonin to urine and mak- 
ing daily determinations of toxogonin content showed that there was 
insignificant (under 5 7 3  deterioration of the oxime over a 1-week 
period. The oxime content of red blood cells was also measured and 
will be the subject of a separate report. 


Other blood and urine studies (hematocrit, total and differential 
white blood cell count, SGOT, alkaline phosphatase. BUN, and 
urinalysis) were performed by routine analytical methods on samples 
taken at 24 hr. and 7 days. Red cell and plasma cholinesterase of the 
three subjects receiving the highest dose was measured in samples 
taken at 20 min., 30 min. (times of peak oxime levels), and 3 hr. after 
administration of the oxime by methods previously described (14). 


The subjects' average weight was 76 kg. (range 56-93 kg.). The 
volume of injection ranged from 0.64 to 3.1 ml., and the injection was 
given into the deltoid muscle with a No. 23 needle. Doses were 2.5 
mg./kg. (two subjects), 5.0 mg./kg. (two subjects), 7.5 mg./kg. (three 
subJects), and 10.0 mg./kg. (three subjects). All doses and blood 
levels are expressed as the salt of the oxime. 


Toxogonin was purchased from E. Merck, Darmstadt, West Ger- 
many. Recent studies on the sample used showed that it was over 
98 pure by UV spectroanalysis and its LDso [calculated by the 
method of Bliss (15)] by the intraperitoneal route in 170-200-g. 
female rats was 109.6 (95 CL: 102.5-1 17.2) mg./kg. It was dis- 
solved in distilled water to a concentration of 274 mg./ml. and 
filtered through a Seitz filter. Bacteriological analysis showed it to 
be sterile. 


RESULTS 


A. Blood Levels of Oxime-Serial mean plasma and whole blood 
levels for toxogonin for each dose group are shown in Figs. 1 and 2. 
Peak blood levels were reached at 20 min. in the two lower dose 
groups and at 30 min. in the higher dose groups. All groups had 
plasma values above 5 mcg./ml. by 5 min., and all but the group 
that received 2.5 mg./kg. maintained a plasma level of about 4 mcg./ 
ml. for over 3 hr. (Because of technical difficulties the analysis of the 
blood taken at 20 min from one subject who received 10 mg./kg. was 
not measured; the point is the mean for the other two subjects. The 
data from this subject were also excluded from dose-response cal- 
culations.) 


The dose-response relationship, showing the highest plasma value 
for each subject, is shown in Fig. 3. 


The disappearance from plasma of many drugs follows first-order 
kinetics, C = Coe-kt, where C = concentration at time t;  Co = 
apparent concentration at zero time, i.e., the y-intercept; and k = 
the velocity constant characterizing drug-elimination rate from the 
blood stream. The half-life (t+) can be determined most simply by 
plotting blood levels on a logarithmic scale against time on a linear 
scale and, if the terminal segment of the plat is linear, calculating 
from its slope the half-life (ti /J and k value (the rate constant char- 
acterizing elimination from the blood stream). 


Using the method of least squares, the constants log CO and k for 
the equation 


kt log c = log co - __ 2.303 
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Figure 3-7oxogonin (im.): peak blood Ieuels versus dose. 


were computed from each subject’s last 4-6 plasma level values. In 
each case the coefficient of correlation for the fit of the points to the 
line was greater than 0.99. 


In Fig. 4 the data from four typical subjects are plotted in this 
manner. The average ti/% was 82.8 min. [the mean values by dose 
groups were 79.4 min. (2.5 mg./kg.), 85.6 min. (5.0 mg./kg.), 82.7 
min. (7.5 mg./kg.), and 84.0 min. (10.0 mg./kg.)]; and the average k 
value was 0.0083 min.-’ (by dose groups in min.?: 0.0087 for 2.5 
mg./kg., 0.0081 for 5.0 mg./kg., 0.0082 for 7.5 mg./kg., and 0.0083 
for 10 mg./kg.). 


B. Urinary Excretion-Of the total dose, 84% was excreted into 
the urine unchanged during the 24-hr. collection period; of this 
amount, 76 % (or 64 % of the dose) was excreted in the first 3 hr. 
(Because of technical problems, data from one subject at the 10- 
mg./kg. dose could not be used in the urinary analysis.) The per- 
centage of the amount not excreted: 


(total amount excreted - amount excreted by time t )  X 100 
~~ 


total amount excreted 


is plotted on a logarithmic scale against time, t, in Fig. 5. Times for 
50% excretion for each dose group are 73.0 min. (2.5 mg./kg.), 72.0 
min. (5.0 mg./kg.), 110.4 min. (7.5 mg./kg.), and 107.4 min. (10 mg./ 
kg.) and are close to the biological half-life as measured by loss from 
plasma. This suggests that a large part of the oxime is eliminated 
rather rapidly by renal mechanisms. 


C. Blood Pressure and Heart Rate-All subjects showed a mild 
to moderate transient increase in blood pressure and heart rate (Figs. 
6 and 7). The small number of subjects in each dose group makes 
exact quantitation of such variables unreliable, but both the systolic 
and diastolic blood pressures were moderately elevated (1 1-17 mm. 
Hg), reaching peak values at about 30 min. after drug administra- 
tion. The heart rate change was more dose related with an average 
maximal increase of 8 b.p.m. for 2.5 mg./kg., 15 b.p.m. for 5.0 mg./ 
kg., and 32 b.p.m. for 10 mg./kg. In general the heart rate increased 
markedly a few minutes after drug administration (data for the 
lower doses are not shown because heart rates were not measured 
earlier than 15 min. for the lower dose subjects) and remained ele- 
vated for most of the 2-hr. observation period. 


D. Other Blood and Urine Studies-No changes were noted in 
any of the routine blood or urine tests at 24 hr. or 7 days in any 
subject, nor were there changes in the red blood cell or plasma 
cholinesterase in the three subjects in whom it was measured. 


E. Symptoms-Pain at the site of injection was quite noticeable, 
particularly with the larger volumes used for the higher doses, and 
most subjects compared it in intensity to the pain from an injection 
of plague or Asian influenza vaccine. Within a few minutes the 
pain seemed to diminish greatly, and by 15 min. most subjects said 
they did not notice it. A slight residual tenderness of the muscle to 
percussion was present in all subjects 24 hr. later. 


A peculiar symptom complex developed in many subjects. This 
typically consisted of a generalized warmth, a “hot feeling” over the 
upper part of the body, within several minutes after the injection. At 
5-15 rnin., this became localized in the face, particularly around the 
mouth, where it was associated with a “tight feeling” of the skin and 
muscles of the lower face or forehead and a “numbness” of the cir- 
cumoral area. Nine subjects (all but one at the highest dose) noted a 
hot feeling in their throats within 1-3 min. after injection, and three 
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Figure 4-Toxogonin (im.): plasma levels and half-times in four 
subjects. 


of these men (2.5, 5.0, and 10.0 mg./kg.) also spontaneously iden- 
tified this as a “menthol” taste. One subject at 2.5 mg./kg., one at 5.0 
mg./kg., and one at 10.0 mg./kg. reported a numbness in or around 
the mouth, together with a definite hypalgesia to pinprick in this 
area including the anterior tongue and gums (two subjects), which 
lasted from 3 min. to 6 hr. after injection. No depression of the 
corneal reflex or muscular weakness in the face was observed. When 
present, the area of involvement was sharply demarcated. In one, it 
was from midforehead to  just under the chin; in another, it had a 
definite 5.08-7.62-cm. (2-3-in.) radius around the mouth. Most re- 
ported a flushing sensation, but one subject said he felt very hot with 
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Figure 6-Toxogonin (i.m.): blood pressure changes versus time. 


cool flashes. The skin of several subjects was very warm to the touch 
and appeared slightly pink. Several noted “pins and needles” sensa- 
tions in their arms and fingers, not associated with hyperventilation. 
All three subjects at the highest dose reported their eyes “felt like 
baseballs” with heaviness in the eyeballs or a feeling that “they’re en- 
larging.” Only one subject (7.5 mg./kg.) reported nausea and this was 
very transient. A dry mouth was a unanimous symptom of all sub- 
jects in the highest dose groups. 


Except for mild paresthesia and, in two cases, mild hypalgesia, all 
symptoms had subsided by 1-2 hr. 


DISCUSSION 


In a study of blood levels and urinary excretion of toxogonin after 
intramuscular administration to 1 2 healthy young men, Erdmann 
e f  al. (12) gave an average dose of 3 mg./kg. They noted a peak whole 
blood oxime level of about 6 mcg./ml. at 30 min., found 52% of the 
dose in the urine by 2 hr., and reported that their subjects corn- 
plained of “heat and tension” in the facial area and a menthol-taste 
sensation in the nasopharynx. In the study reported here, the two 
subjects who received 2.5 mg./kg. had a peak whole blood level of 
oxime of 6.6 mcg./ml. at 20 min., and the average excretion for nine 
subjects was 53% of the dose by 2 hr. The subjects reported the 
same symptoms and, in addition, had transient neurological find- 
ings. 


Calesnick et a/. (10) found that an intramuscular dose of 15 
mg./kg. of pralidoxime chloride produced whole blood oxime levels 
of 8.9 mcg./ml. at 30 min. and 5.7 at 2 hr., levels exceeded by 5.0 
mg./kg. of toxogonin at these times, and a dose of 30 mg./kg. pro- 
duced whole blood levels (14.5 mcg./ml. and 10.4 mcg./ml. at 
similar times) below those produced by 7.5 mg./kg. of toxogonin. 
Thus within the ranges studied, three to four times more pralidoxime 
chloride than toxogonin is needed for a similar blood level. 


Pralidoxime chloride in intravenous or intramuscular doses of less 
than 15 mg./kg. does not elevate the blood pressure in normal 
recumbant subjects (10, 16, 17). This sympathomimetic property of 
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Figure 7-~oxogorzin (i.m.): heart rate changes versus time. 


toxogonin may be of additional therapeutic benefit for the severely 
poisoned individual. 


The cause of the peculiar symptom complex produced by toxo- 
gonin is not clear. Because of their “onion skin” pattern, the sensory 
disturbances of the face resemble those caused by a lesion of the 
nucleus or descending fibers of the sensory division of the trigeminal 
nerve in the medulla or upper spinal cord (18), although the produc- 
tion of such a lesion by a drug would be quite rare. 


With high doses of pralidoxime chloride (15-30 rng./kg., i.v.), 
diplopia has been noted1 (16). The authors also have observed this 
with pralidoxime chloride (2G30 mg./kg., i.v.) associated with 
demonstrable weakness of the muscles supplied by the third, fourth, 
and sixth cranial nerves. It is possible that this side effect is also 
central in origin. 


The usefulness of toxogonin in clinical therapy is unknown, 
although, as noted, Erdmann and Clarmann (1 1) felt that toxogonin 
was more beneficial than pralidoxime. 


The relationship of oxime blood levels to therapeutic efficacy is 
also unknown. Erdmann et a/ .  (12), on the basis of in vitro studies (3) 
showing toxogonin to be 30 times more effective than pralidoxime 
in reactivating organophosphate-inhibited cholinesterase, suggest 
that the level of 4 mcg./ml., reported to be an effective in vioo level of 
the methanesulfonate salt of pralidoxime (P2S) by Sundwall (19), 
would be more than adequate. Using identical in vitro techniques in a 
comparative study, they also found that blood concentrations of 
0.1-0.2 mcg./ml. reactivated cholinesterase by the same amount as 
concentrations of 3 mcg./ml. of pralidoxime (a concentration very 
close to that suggested by Sundwall from in uivo work). 


However, several studies in which toxogonin (or the chemically 
similar TMB-4) has been compared with pralidoxime (or P2S, the 
methanesulfonate salt of pralidoxime) indicate that perhaps this 
advantage is not quite so great (20,21). 


Both toxogonin and TMB-4 have two oxime groups per molecule 
and, therefore, on an equimolar basis might be expected to have 
twice the efficacy of a compound having a single oxime group, such 
as pralidoxime. (On the other hand, yoked oxime groups might be 
less effective than the same number of single oxime units.) It has 
been shown that toxogonin and TMB-4 are roughly equipotent in 
treating poisoned mice (22), in reactivating blood (mouse) or brain 
(mouse and rat) cholinesterase inhibited (in v im)  by an organo- 
phosphate compound (diethyl p-nitrophenyl phosphate)2 (23), or in 
antagonizing the effects of tabun on the isolated rat phrenic nerve 
preparation (20). 


O’Leary et a/ .  (6) showed that 10 mg./kg. (28 pmolelkg.) of TMB-4 
with atropine raised the LDso of sarin in rabbits by a factor of 170, 
whereas 10 mg./kg. (58 pmole/kg.) of pralidoxirne chloride raised the 
LDso by 90, and the same dose of P2S (41 pmolelkg.) raised it by 35. 
This indicates that, for equimolar amounts, TMB-4 is roughly 3.9 
times more effective than pralidoxime chloride and 7.5 times more 
effective than P2S. Fleisher ef ul. (5) showed that equimolar doses 


1 B. Calesnick, personal communication. 
2 Paraoxon. 
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of TMB-4 were from 1.47.0 times more effective than pralidoxime 
in raising the LDjo of difluorophosphate, sarin, tabun, and tetra- 
ethylpyrophosphate in rats. 


This latter group of investigators (21) also showed that, in equi- 
molar doses, toxogonin and atropine approximately doubled the 
LDN of sarin in rats (1.6X) and guinea pigs (2.2X) over that in 
animals treated with pralidoxime chloride and atropine. When given 
on an equiweight basis, the two oximes had nearly the same thera- 
peutic activity. LD5o’s done by probit analysis [method of Bliss 
(1511 from data in Table I1 of the Wolthuis and Cohen report (20) 
suggest that toxogonin is about 1.7 times more effective therapeu- 
tically than P2S against tabun in rats (also receiving atropine) or 
2.6 times more effective on an equimolar basis. Heilbronn and 
Tolagen (22) also showed that in atropinized mice, toxogonin is 4.6 
times more effective against sarin and 9.5 times more effective 
against tabun than P2S when the dose of each oxime is 20% of its 
LDso. On an equimolar bask, these ratios are approximately doubled 
to 7.1 and 14.5. 


Overall, it would appear that toxogonin may be more effective 
therapeutically than pralidoxime chloride or P2S, although in two 
of the three studies where comparisons were made, the therapeutic 
difference was not marked. 


The data in these reports also indicate that in each case, except 
the guinea pig experiments, the oxime that is more therapeutically 
potent also has a lower LDjo (is more toxic). However, the “thera- 
peutic margin” (potency ratio/LDso ratio) indicates that, in most 
cases, effectiveness is gained in greater proportion than toxicity, at 
least when toxogonin and pralidoxime chloride (or P2S) are com- 
pared directly. 


Med., 98, 107(1958). 


M. E. Nicholls, J.  Pharmacol. Exp. Ther., 128, 307(1960). 
(8) R. A. Lehman, H. M. Fitch, L. P. Bloch, H. A. Jewell, and 


(9) J. H. Wills, Fed. Proc., 18, 1020(1959). 
(10) B. Calesnick, J. A. Christensen, and M. Richter, Arch. 


(11) W. D. Erdmann and M. V. Clarmann, Deut. Med. Wochen- 


(12) W. D. Erdmann, I. Bosse, and P. Franke, ibid., 90, 1436 


(13) W. A. Groff and R. I. Ellin, Clin. Chem., 15, 72(1969). 
(14) W. A. Groff, L. A. Mounter, and V. M. Sim, Techtiicon 


(15) C. I. Bliss, “The Statistics of Bioassay,” Academic, New 


(16) B. V. Jager and G. N. Stagg, BUN. Johns Hopkins Hosp., 


(17) D. Groband R. J. Johns, Amer. J .  Med., 24,497(1958). 
(18) S. Locke, “Neurology,” Little, Brown and Co., Boston, 


(19) A. Sundwall, Biochem. Pharmucol., 8,413(1961). 
(20) 0. L. Wolthuis and E. M. Cohen, ibid., 16, 361(1967). 
(21) N. C. Thomas, J. H. Fleisher, L. W. Harris, and G. R. Miller, 


(22) E. Heilbronn and B. Tolagen, Biochem. Pharmacol., 14, 73 


(23) F. Hobbiger and V. Vojvodie, ihid., 15, 1677(1966). 


Environ. Health, 15, 599(1967). 


schr., 88, 2201(1963). 


(1965). 


Symposia, 1, 498(1966). 


York, N. Y., 1952, p. 543. 


102, 203(1958). 


Mass., 1966, p. 36. 


Fed. Proc., 28,480(1969). 


(1965). 


ACKNOWLEDGMENTS AND ADDRESSES 
REFERENCES 


(1) H. Kewitz, I. B. Wilson, and D. Nachmansohn, Arch. 


(2) B. M. Askew, Brit. J .  Pharmucol., 12, 340(1957). 
(3) H. Engelhard and W. D. Erdmann, Klin. Wochenschr., 41, 


(4) W. D. Erdmann and H. Engelhard, Arrtzeimittel-Forsch., 14, 


( 5 )  J. H. Fleisher, H. 0. Michel, L. F. Yates, and C. S. Harrison, 


(6) J. F. OLeary. A. M. Kunkel, and A. H. Jones, ibid., 132, 


(7) E. Bay, S. Krop, and L. F. Yates, Proc. Soc. Exp. Biol. 


Biochem. Biophys., 64, 456( 1956). 


525( 1963). 


5( 1964). 


J .  Pharmacol. Exp. Ther., 129, 31(1960). 


50( 1961). 


Received October 2, 1969, from Clinicul fnuestigation Branch, 
Clinical Research Department, Medical Research Luboratory, Re- 
search Laboratories, Edgewood Arsenal, Edgewood Arsenal, M D  
21010 


Accepted for publication January 9, 1970. 
The authors thank the nurses and technicians of the Clinical 


Research Department for the ward care of the subjects; Andris 
Kaminskis for helping with the laboratory analyses; F. H. Duffy 
and E. H. Polley for neurological consultation and advice; A. F. 
Michaelis for the spectroanalysis; 5. S. Ketchum, R. I. Ellin, and 
J. H. Fleisher for critical review of the manuscript; Marion P. 
Royston for careful editorial assistance; and Norma Vaught for 
secretarial assistance. 


Vol. 59, No. 6, June I970 0 797 








Journal of 
Pharmaceutical 
Sciences A publication of the American PJinrmuceutical Associalion 


INDEX TO AUTHORS 
INDEX TO SUBJECTS 


VOLUME 59 
JANUARY TO DECEMBER, 1970 


Published monthly under the supervision of the 
Committee on Publications with the approcal of the Board of Trustees 


EDWARD G. FELDMANN 
Editor 


MARY HUDSON FERGUSON 
Associate Editor 


SHELLY E L L I O ~  
Production Editor 


L. LUAN CORRIGAN 
Contributing Editor 


SAMUEL W. GOLDSTEIN 
Contributing Editor 


LINDA A. LAFONTAINE 
Contributing Editor 


COMMITTEE ON PUBLICATIONS EDITORIAL ADVISORY BOARD 


ROBERT C. JOHNSON 


WULIAM S. APPLE 
GROVER C. BOWLES, JR. 
CLIFTON J. LATIOLAIS 
JOHN H. NEUMANN 


Chairman 
JACK COOPER 
EDWARD R. GARRETT 
GERHARD LEVY 
W. LEWIS NOBLES 
G. VICTOR Ross1 
GORDON H. SVOBODA 








Heterogeneous Systems 11: Influence of Partitioning 
and Molecular Interactions on In Vitro Biologic 
Activity of Preservatives in Emulsions 


NAGIN K. PATEL* and JOYCE M. ROMANOWSKI 


Abstract 0 The preservative activity of p-hydroxybenzoic acid 
esters (parabens) in the presence of a polysorbate Wsorbitan 
monooleate water system was found to be related to the concentra- 
tion of the free or unbound paraben. Prediction of required pre- 
servative concentration for an emulsified system from a knowledge 
of oil-water partition coefficients and preservative-macromolecules 
binding data is illustrated. It was demonstrated by an in Ditro micro- 
biological procedure and using a glass dialysis cell that the fungi- 
static activity against Aspergdlusniger of methyl- and propylparaben 
in emulsified systems was primarily a function of the free paraben 
concentration in the aqueous phase. 


Keyphrases 0 p-Hydroxybenzoic acid esters activity-partitioning, 
molecular interaction, effects 0 Biological activity-emulsion 
preservatives in uitro 0 Emulsions, effect-preservatives 0 Inhibi- 
tion determination-dialysis cell 


Biological activity of antimicrobial agents in a 
heterogeneous system such as an emulsion is much more 
complex than in a simple aqueous medium. These 
agents, under the classification of preservatives, are 
incorporated in emulsified systems-medicinal, cos- 
metic, pharmaceutical, and nonpharmaceutical emul- 
sions; ointments, creams, etc.-to protect against 
deterioration from bacterial and fungal attack. During 
the past 2 decades, pharmaceutical and cosmetic 
industries have recognized an increasing number of 
failures of the preservative to protect against microbial 
spoilage. This period coincides with the time during 
which nonionic emulsifiers, those containing polyoxy- 
ethylene groups and others, have become increasingly 
popular. A multiplicity of factors governs the efficacy 
of a preservative in the final formulation, and some not- 
able reviews on the subject have appeared in the litera- 
ture (1-5). 


Emulsion and cream formulations contain a variety 
of ingredients which collectively form excellent sub- 
strates for microbial growth (6, 7). Under some condi- 
tions, fixed oils, fats (6, 7), hydrocarbon oils (S), the 
emulsifier (9), or the preservative (10) may be metabol- 
ized by certain microorganisms. 


Previous investigations (1 1-16) have shown that many 
of the more commonly used preservatives in phar- 
maceutical and cosmetic emulsions are adsorbed to, 
bound to, or solubilized by nonionic emulsifiers in 
aqueous solution. The bound or solubilized (12) pre- 
servative in such a system has been shown to be devoid 
of antimicrobial activity (13, 15, 17, IS). In emulsified 
systems an additional factor, partitioning of the pre- 
servative between the oil and water phases, must be 
considered for the effective preservation of the entire 
formulation. 


It is generally recognized that emulsified preparations 
containing different oil phases require higher concentra- 


tion of preservatives (19) than normally used. The 
activity of some phenols in a two-phase system, liquid 
petrolatum-water, has been studied by Bean et al. (20). 
Recently, Anderson and Chow reported on the distri- 
bution and activity of benzoic acid in oil-water systems, 
emulsified with 0.1 % polyoxyethylene lauryl ether 
(21); the antifungal activity of benzoic acid was 
related to its concentration in aqueous phase. 


As pointed out by Atkins (22) ,  the problem of de- 
terioration of cosmetic emulsion systems during storage, 
due to either mold formation or bacterial growth, is 
confined mainly to oil-in-water emulsions; it is rarely 
a problem with water-in-oil emulsions, the reason 
being that most troublesome organisms require an 
aqueous medium for favorable growth. In a water-in- 
oil emulsion, the water is surrounded by an inhospitable 
oil phase and this is not conducive to growth. The less 
common organisms which can infect the oil phase 
apparently do not cause product decomposition or 
spoilage, so that, even if they exist, their presence is not 
suspected (22). The most important factors affecting 
the activity of preservatives in oil-in-water emulsions 
containing nonionic emulsifying agents are those 
governing the availability of the preservatives in the 
aqueous phase. In such a system the preservative would 
partition into the oil phase and would also interact 
with the nonionic emulsifiers, thus reducing the activity 
of the preservative. The principal aim of this investiga- 
tion was to  show how the partition coefficient and 
binding data can readily and satisfactorily be used to 
determine the effective concentration in aqueous phase 
of methyl- and propylparaben in  typical oil-in-water 
emulsions containing polysorbate SO2 and sorbitan 
monooleate3 (or polysorbate 204 and sorbitan mono- 
laurate5) as emulsifying agents. It will also be demon- 
strated by an in vitro microbiological procedure that the 
activity of the preservatives is related to their concentra- 
tions in the aqueous phase. Selection of the oils was 
based on their varying oil-water partition coefficients 
(23). 


THEORY 


The theory behind the partitioning of a preservative in an oil- 
water system has been described in Part I (23) .  The equilibria con- 


* Brij 35, marketed by Atlas Chemical Industries, Inc., Wilmington, 


* Polyoxyethylene (20) sorbitan monooleate, marketed as Tween SO 


SDan SO. marketed bv Atlas Chemical Industries. Canada. Ltd.. 


Del. 


by Atlas Chemical Industries, Canada, Ltd., Brantford, Ontario. 


Braniford, Ontario. . 
Atlas Chemical Industries, Canada, Ltd., Brantford, Ontario. 


4 Polyoxyethylene sorbitan monolaurate, marketed as Tween 20 by 


Span 20, marketed by Atlas Chemical Industries. Canada, Ltd., 
Brantford, Ontario. 
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trolling the partitioning of a preservative between two phases and 
its binding to surfactant have also been discussed (2,12,13,15). 


When a preservative distributes between oil and aqueous phases, 
the transfer is governed by its distribution coefficient or partition 
coefficient, D (23), as follows: 


Coil = DCH~O (Q. 1) 


where Coil and CH~O are the preservative concentrations in oil 
and water phases at equilibrium. Assuming that the amount in 
the aqueous phase is active and if some transfers to the oil phase, 
sufficient additional preservative should be provided to maintain 
the required concentration in the water. Thus the total preservative, 
C,, to be added to a two-phase system can be calculated by knowing 
the usual concentration required in the aqueous phase (CH,O), and 
knowing the volume of each phase (V,il and VH~O) and the dis- 
tribution coefficient: 


total preservative = CH~OVH~O + C o i ~ V o i ~  (Eq. 2) 
Substituting the value of Coil from Eq. 1 : 


Cts = CH~OVH,O + D C H ~ O V ~ ~ I  (Eq. 3) 
If the preservative binds to the emulsifier in aqueous solution, 


the total preservative in water can be given by the following equa- 
tion as described elsewhere (13, 15): 


CtHIO = RCH,O (Eq. 4) 


where C ~ H ~ O  and CH~O are the concentrations of total (free + 
bound or solubilized) and free preservative in water, and R is the 
binding or solubilization constant as explained previously (13,15). 
The total preservative in this study was taken as the free plus the 
amount bound to or solubilized by the polysorbate-sorbitan ester 
dispersion. 


If the failure of a preservative in a system consisting of oil and 
water phases emulsified with nonionic surfactants can be attributed 
to the partitioning as well as the binding of the preservative, the 
total quantity of the preservative which is theoretically needed for 
preservation, Cf,, can be computed by combining Eqs. 3 and 4 as 
represented by the following equation: 


C,a = CH~O (RVH~O + Dvoilt (Eq. 5 )  
In the present work it was assumed that the minimum inhibitory 
concentration of paraben in the absence of surfactants and oil 
corresponds to the concentration of free paraben. 


MATERIALS 


The oil phases and preservatives were the same as employed in 
earlier papers (15, 23). Polysorbate 80, polysorbate 20, sorbitan 
monooleate, and sorbitan monolaurate were commercial samples. 


EXPERIMENTAL PROCEDURES 


Determination of Interaction between Preservative and Nonionic 
Surfactants-Equilibrium dialysis method using a cellophane 
membrane6 was employed to determine this interaction, and the 
general approach and experimental procedure for this part have 
been detailed in previous communications (12, 24). Preliminary 
experimentation showed that this membrane (23) was impermeable 
to sorbitan monooleate. It was found previously to be impermeable 
to polysorbate 80 (16) and to the oils (23) used in this study. The 
general procedure was the same as that described earlier (24) with 
the following exception. A 10-ml. portion of aqueous polysorbate- 
sorbitan ester dispersion was pipeted into one of the compartments 
of the dialysis cell (24) and an equal volume of paraben solution 
was placed into the opposite compartment. In order to increase the 
total paraben content of the system, it was necessary in some cases 
to dissolve additional paraben in the dispersion. Overnight agita- 
tion of the assembled cells was sufficient for attainment of equilib- 
rium. Any sorption of the parabens by the membrane and di- 
alysis cells was found to be insignificant (25) under experimental 
conditions. 


Table I-R Values Based on the Interaction Between Parabens 
and Macromolecules at 30" 


Macromolecules 
Paraben Proportion % HLB Re 


Polysorbate 20-Sorbitan Monolaurate 
Methyl 92:8 5 16.0 3.84 
Propyl 9 2 9  5 16.0 16.6 


Polysorbate 80-Sorbitan Monooleate 
Methyl 70 : 30 5 11.8 3.44 
Methyl 70:30 4 11.8 3.03 
Methyl 58:42 5 10.5 3.15 
Propyl 70 : 30 5 11.8 14.5 
Propyl 58 :42 5 10.5 15.5 


(1 Each R value represents an average of five to eight determinations. 


After equilibration, an aliquot was removed from the nonmacro- 
molecule side of the membrane and the concentration of the pre- 
servative was ascertained spectrophotometrically (16). Since the 
quantity of paraben added to the system was known, the amount on 
the macromolecule side was readily calculated by simple subtrac- 
tion and the difference was taken as the amount bound or solu- 
bilized (12) by the macromolecules. 


Preparation of Emulsion-The emulsions were prepared according 
to the formula 25% oil, 5 %  w/v emulsifier (4% in the case of 
castor oil), and sufficient distilled water or culture medium (as 
described in the following section) to make 100 ml. Because of high 
partitioning of propylparaben into almond oil and due to its high 
binding with the emulsifiers, 10% almond oil was used for micro- 
biological work involving propylparaben-almond oil emulsion 
system. The emulsifier concentrations were selected to give the most 
stable emulsion with a minimum concentration of the emulsifying 
agents. Appropriate amounts of polysorbate 80 and sorbitan 
monooleate were blended to give the HLB (hydrophile-lipophile 
balance) values of: 10.5 for mineral oil, 16 for oleic acid, and 11.8 
for almond oil and castor oil. Preliminary experiments using the 
procedure described in the literature (26) gave the above HLB values 
yielding the most stable emulsions. Polysorbate 80 was dissolved 
in warm aqueous phase, and sorbitan monooleate was dissolved in 
warm oil phase; both the phases were blended and passed 2-3 
times through a hand homogenizer. 


Microbiological Procedures-AspergiNus niger? was selected as 
the principal microbe, and the synthetic culture medium used in 
this study was the same as described elsewhere (15). 


Procedure for Dispersions-The minimum inhibitory concentra- 
tions (MIC) for methyl- and propylparaben were determined in the 
presence of dispersions of polysorbate 80 and sorbitan monooleate 
(or polysorbate 20 and sorbitan monolaurate) in culture medium. 
The emulsifiers were blended and aqueous dispersion was passed 
twice through a hand homogenizer. The binding data in terms of R 
values (total preservative/free preservative) as presented in Table I 
were used to predict the inhibitory concentration for the surfactant 
dispersions. The method of prediction and the general procedure 
have been described earlier (15). The growth of A. niger was ob- 
served for a 2-week period in the form of mycelial hyphae which 
were readily visible on the surface in the test tube. 


Procedure for Emulsions-A convenient method for approximat- 
ing the free preservative or the preservative in the aqueous phase 
in an emulsified system is an equilibrium dialysis technique which 
utilizes a membrane that permits the free passage of the preserva- 
tive but is impermeable to the emulsifier and the oil. At equilibrium 
the activity of the preservative would be identical on both sides of 
the membrane; for reasonably dilute solutions, it may be as- 
sumed that the concentration of the free preservative on both sides 
of the membrane will be essentially equal. Thus, by placing an 
emulsion on one side of the membrane and determining the con- 
centration of the free preservative on the opposite side, it is possible 
to approximate the concentration of free preservative in equilibrium 
with the emulsifier and the oil phase. Assumption is made that the 


6 Fisher Scientific Co. 
' UAMH No. 1456, Provincial Laboratory of Public Health, Edmon- 


ton. Stock culture was grown on slants of potato dextrose agar. 
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Figure I-Assembled dialysis cell containing emulsion in one com- 
partment and culture medium in the other, separated by a cellophane 
membmne. 


biologic activity of the preservative would parallel the concentra- 
tion of free preservative. 


A glass dialysis cell was constructed for growth studies; it 
consisted of two halves, each with a capacity of about 30 ml. Each 
half was prepared by fusing a 6-mm. ground-glass stopcock with 
the cylindrical end of a flat flange! To assemble the unit, a cello- 
phane membrane was placed between the two halves and secured 
with the aid of a brass bracket. The assembled dialysis cell is 
portrayed in Fig. 1. Twenty milliliters of an appropriate concentra- 
tion (0.065 2 methylparaben or 0.020% propylparaben) of the 
paraben in the culture medium was pipeted into one of the com- 
partments. It should be noted that these concentrations correspond 
to the MIC of these agents for A. niger in the culture medium. The 
entire unit was sterilized by autoclaving at 15 Ib. pressure for 15 
min. (15). During sterilization, it was necessary to place the dialysis 
cell in a slant position with both ends kept open to avoid the 
rupture of the membrane due to pressure buildup at autoclaving 
temperature. The cell was allowed to attain room temperature with 
aseptic precautions and the compartment containing preservative 
solution was closed. Four such dialysis cells were prepared. A 
predicted inhibitory concentration of the preservative in the emul- 
sion was computed using Eq. 5 and from the knowledge of binding 
and partition coefficient (23) data. A required amount of the pre- 
servative was dissolved in the emulsion. Three additional concentra- 
tions of the agent were prepared, one of which was lower and two 
higher than the above value (15). A 20-ml. sample of the emulsion 
was pipeted into the empty compartment of the dialysis cell. The 
unit was closed and equilibrated by overnight agitation at 30". 


The nonemulsion side of the dialysis cell was inoculated with two 
loopfuls of a spore suspension (15) of A.  niger. The cells were in- 
cubated at 30°, and the growth in the form of mycelial hyphae was 
observed visually each day for a total period of 2 weeks. In some 
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Figure 2-Adsorption isotherms based on the interaction of methyl- 
paraben with 5% aqueous dispersion of surfactants. Key: A, poly- 
sorbate 80-sorbitan monooleate (58:42), HL B, 10.5; B, polysorbate 
80-sorbitun monooleate (70:30), HLB, 11.8; and C ,  polysorbate 20- 
sorbitan rnonolaurate (92:8), HLB, 16.0. 


cases there was a marked separation of the emulsion during incuba- 
tion. This separation was prevented by agitation of the cells in a 
water bath at 30" during the2-week period. Preliminary tests showed 
that the membrane was impermeable to A .  niger, to any other 
organism which might be present in the emulsion, and to the 
emulsion itself. At the end of this experiment, a 1-ml. aliquot was 
moved from the nonemulsion side of the cell and the paraben con- 
tent analyzed spectrophotometrically. The exact paraben con- 
centration in the emulsion was then calculated. 


RESULTS AND DISCUSSION 


Interaction of Parabens with Surfactants-The interactions of 
methyl- and propylparaben with a dispersion of polysorbate 80 and 
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Figure 3-Adsorption isotherms based on the interaction of propyl- 
paraben with 5% dispersion of surfactants. Key: A, B, and C as 
defined in Fig. 2,  







sorbitan monooleate (or polysorbate 20 and sorbitan monolaurate) 
are shown in Figs. 2 and 3. These plots represent typical adsorption 
isotherms and similar isotherms for a methylparaben-polysorbate 
system have been reported (12). More useful data for the formula- 
tion work are presented in Table 1. The ratio, R, of total/free para- 
ben over the concentration range studied as shown in Figs. 2 and 3 
is fairly constant. The results also demonstrate that varying propor- 
tions of the emulsifiers show a difference in the extent of binding. 
The R values can easily be obtained from these figures and the aver- 
age of these values in each case was computed. The average R 
values are listed in Table 1 and have been found to be useful in 
computing the free preservative for a definite concentration of a 
macromolecule ( 15). 


Inactivation by Surfactants Related to Binding-It has been 
established that parabens are inactivated in the presence of poly- 
sorbate 80 in aqueous solution due to binding or solubilization 
(12-1 5) .  A correlation between the predicted and experimental 
inhibitory concentrations of methyl- and propylparaben in the 
presence of 5 dispersion containing various proportions of poly- 
sorbate 80 and sorbitan monooleate (or polysorbate 20 and sorbi- 
tan monolaurate) is illustrated in Fig. 4. The proportion and the 
concentrations of the surfactants correspond to the HLB values and 
the concentrations used in the emulsions for microbiological work. 
The figure also shows the MIC of the parabens in the absence of the 
surfactants for the purpose of comparison. 


As is evident, there is a significant inactivation of the parabens due 
to solubilization or binding by the surfactant dispersion. It can 
be noticed that the magnitude of inactivation increases from methyl- 
to propylparaben. This is reasonable since propylparaben is bound 
by the surfactants to a greater extent than methylparaben as shown 
in Figs. 3 and 4 and Table I (R values). 


Correlation of the Binding and Partitioning Data with Inhibitory 
Concentrations-Figure 5 depicts a comparison of the experimental 
inhibitory concentrations of methyl- and propylparaben for emul- 
sified systems and the concentrations predicted (using Eq. 5) 
from a knowledge of MIC in culture medium, the partitioning data, 
and the binding data. The results show that there is a reasonably 
good agreement between the predicted and experimental values. 
The difference in these values can be attributed to small variations 
in the partition coefficients and R values. 


There are two factors responsible for the biologic availability of 
the antimicrobial agent in the emulsified system, namely the bind- 
ing to the emulsifier and the partitioning into tlie oil. If one com- 
pares the magnitude of inactivation in Fig. 4 with that in Fig. 5, it 
is observed that for mineral oil emulsion the inactivation is due 
solely to the surfactants. This is to be expected since both methyl- 
paraben and propylparaben have mineral oil-water partition 
coefficient values lower than 1 (23). This might also explain the 
observed lower MIC values for both methyl- and propylparaben in 
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Figure 4-Comparison of predicted and experimental minimum 
iiihibitory concentrations ojparabens in the presence of 5 % aqueous 
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Figure 5-Con7parison of predicted and experimental minimum in- 
hibitory concentrations of parabens in emulsified systems. Con- 
centrations of oils and emulsifiers were 25% and 5% with the 
following exception: castor oil emulsion contained 4 total emul- 
sifiers, and almond oil emulsion in the case of propylparaben COI7- 
sistedof IO% oftheoil. 


the case of mineral oil emulsions (Fig. 5 )  than those in the aqueous 
dispersion of the surfactants (Fig. 4). 


The magnitude of inactivation of the parabens increased from 
oleic acid to almond oil to castor oil emulsion, primarily due to the 
increase in the partition coefficients of these oils. In Part I, the 
authors reported the oil-water partition coefficients for these oils 
as 4.4, 7.6, and 58, respectively. From the partitioning data, one 
would expect a greater difference in the MIC values of oleic acid 
and almond oil emulsions. However, this difference was reduced 
due to the higher binding capacity of the emulsifiers (Table I) 
in the case of oleic acid than those in almond oil emulsion. The 
greatest inactivation was observed in the case of castor oil emulsion 
because of the very high partitioning of methylparaben in this oil. 


The degrees of binding and partitioning for propylparaben (23) 
are greater than those of methylparaben. Thus propylparaben was 
inactivated to a greater extent than methylparaben. 


Although emulsions containing nonionic agents can be effectively 
preserved, there may be some practical limitations. The amount of 
preservative in emulsified systems with oil of high partition coef- 
ficient, and especially when the emulsifier has a high binding ten- 
dency, may affect the stability of the product or may be in the range 
to cause contact dermatitis (27) or may be prohibitive econom- 
ically. Preliminary work indicated that the stability of emulsions 
containing nonionic surfactants which have a complexing tendency 
for parabens was seriously affected with increase in the concentra- 
tion of paraben (28). Nevertheless, the knowledge of partitioning 
and binding data should permit evaluation in a product develop- 
ment laboratory so that the most efficient preservative is selected 
for a particular system. For example, it was found that the almond 
oil-water partition coefficients of methylparaben and sorbic acid 
were 7.5 and 3.3. Of the two preservatives, the nonionic emusifier has 
less affinity for sorbic acid (15). Sorbic acid would be preferred 
as a preservative for vegetable oil emulsions, although pH of the 
system must be considered. Furthermore, as suggested by Riegel- 
man (29), rather than using 5510% of nonionic surfactants as the 
emulsifier, it would be advisable to attempt to formulate the emul- 
sion with a much lower concentration of emulsifying agent and 
to attempt to stabilize the system with another agent with less 
affinity for the preservative. 
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Kinetics of Hydrous Aluminum Oxide Conversion in Mixtures of 
Amorphous Alumina Gels of Various Acid Reactivities 


STANLEY L. HEM*, EMANUEL J. RUSSO, RICHARD J. HARWOODt, 
BEHRAM H. TEJANI, SURENDRA M. BAHAL, and RALPH S. LEV1 


Abstract 0 Mixtures of two amorphous alumina gels of different 
acid reactivity change physically and chemically upon aging until 
a constant state is reached. The gels, when individually aged, retain 
their initial properties. The end-point appearance, viscosity, X-ray 
diffraction pattern, DTA thermogram, acid-insoluble fraction, and 
acid reactivity of the mixture are identical to those of the gel having 
the lower acid reactivity. The change in properties appears to be 
due to the conversion of the gel having the higher reactivity into 
the less reactive form. The rate of conversion is first-order, tem- 
perature-dependent, and directly dependent on the initial con- 
centration of the less reactive gel. 


Keyphrases 0 Hydrous aluminum oxide conversion-kinetics 
Alumina gels, amorphous, effect-AI2O3 conversion 0 X-ray 
diffraction-identity 0 Calorimetry-anlysis, gels 


The physical and chemical properties of hydrous 
aluminum oxide depend on the nature of the reactants 
used in its formation (1, 2), the pH and temperature of 


its precipitation (3-59, and the conditions under which 
it is aged (6,  7). The effects of mixing alumina gels of 
different physical and chemical properties have not 
been reported. Preliminary experiments in the authors’ 
laboratories have indicated that when amorphous 
alumina gels of various acid reactivities are mixed, there 
are changes in the physical and chemical properties of the 
mixtures during aging. The purpose of the present study 
was to examine these changes in greater depth. 


EXPERIMENTAL 


Source of Gels-One alumina gel was prepared by the reaction 
of aluminum chloride with sodium carbonate and sodium bicar- 
bonate at 25” and pH 5.8, according to the procedure of PapCe et at. 
(S) ,  and washed with deionized water until the concentration of 
chloride ion in the filtrate, as determined by the Volhard method 
(9), was less than 0.1 Z.  This gel ( I )  possessed the full theoretical 
acid reactivity in terms of its Al2O3 content. Gels with reactivity less 
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C O M M U N I C A T I O N S  


Studies of Enzyme Active Sites : Synthesis 
and Catalytic Properties of L-Histidyl- 
glycyl-L-asparty 1-L-sery 1-L-phen y lalanine 


Keyphrases 0 Enzyme active sites-catalytic peptide 0 L-Histidyl- 
glycyl-L-aspartyl-L-seryl-L-phenylalanine-synthesis, catalytic prop- 
erties 0 Paper chromatography, electrophoresis-identity 


Sir: 


Considerable attention has been focused recently on 
the role played by L-histidine and L-serine in the active 
site of chymotrypsin and other proteolytic enzymes 
towards the hydrolysis of various esters such as p- 
nitrophenyl acetate (1-4). One of the approaches for 
studying the active site of enzymes is the synthesis and 
evaluation of the catalytic activity of relatively simple 
peptides embodying as many as possible of the known 
features of active sites of proteolytic enzymes (5, 6). 
Katchalski et al. reported the synthesis of poly-L- 
histidine and copolymers of L-histidine and L-serine as 
model compounds to investigate the catalytic effect on 
the hydrolysis of p-nitrophenyl acetate (7). Sheehan and 
Cruickshank reported an interesting pentapeptide, L- 
threonyl-L-alanyl-L-seryl-L-histidyl-L-aspartic acid, pos- 
sessing considerable catalytic activity (8). In order to 
provide increased flexibility in the molecule, recently 
Sheehan et al. reported the synthesis of L-seryl-y- 
aminobutyryl-L-histidyl-y-aminobutyryl-L-aspartic acid. 
This pentapeptide exhibited about 50 % more catalytic 
activity towards the hydrolysis of p-nitrophenyl acetate, 
than that of previously reported synthetic peptides (9). 
As the separation of serine and histidine in a peptide 
chain led to relatively more catalytic activity, it was 
considered worthwhile to investigate the catalytic ac- 
tivity in simple peptides incorporating serine and histi- 
dine at  different distances in the peptide chains. We now 
wish to report the preparation of a relatively more 
potent esterase model, L-histidyl-glycyl-L-aspartyl-L- 
seryl-L-phenylalanine (XIII). 


The catalytic activity of the pentapeptide XI11 was 
determined by the liberation of p-nitrophenol from 
p-nitrophenylacetate following the procedure used by 
Sheehan et al. (8, 9). The catalytic coefficient (7) for 
XI11 was 179 1. mole-' min.-' compared with 92 1. 
mole-' min.-l for L-threonyl-L-alanyl-L-seryl-L-histidyl- 
L-aspartic acid (8), 147 1. mole-' min.-' for L-seryl-y- 
aminobutyryl-L-histidyl-y-aminobutyryl-L-aspartic acid 
(9) and lo4 1. mole-l min.-' for a-chymotrypsin (4). 


The pentapeptide was synthesized as outlined in 
Scheme I .  In order to limit the degree of racemization, 
the peptide chain was extended from the C-terminal 
residue phenylalanine and all peptide bonds were formed 
using the pentachlorophenyl active ester method (10, 
1 1). N-Benzyloxycarbonyl-L-serine pentachlorophenyl 
ester (I) was condensed with L-phenylalanine methyl 


Z-Ser-OPCP + HCI. H-Phe-OCH3 + Z-Ser-Phe-OCH3 
I 11 I11 


H? Pd/C 


HC1 
I11 ---+ HCI H-Ser-Phe-OCH3 


IV 


2-Asp-OPCP + IV + Z-Asp-Ser-Phe-OCH2 
I I 
I 
OtBu 


V 


I 
OtBu 


VI 


Ha Pd/C 
VI ---+ HCI.H-Asp-Ser-Phe-OCH3 


HCI I 
OtBu 


VII 


Z-Gly-OPCP + VII -, Z-Gly-Asp-Ser-Phe-OCH3 
VIII I 


OtBu 
IX 


H2 Pd/C 


HCI 
1X ---+ HCl. H-Gly-Asp-Ser-Phe-OCH3 


I 
OtBu 
X 


Z-His-N, + X + Z-His-Gly-Asp-Ser-Phe-OCH3 
XI I 


OtBu 
XI1 


1. O H  


2 .  €In 
3. TFA 


XI1 - H-His-Gly-Asp-Ser-Phe-OH 


XI11 


0 


Z = CcHs-CH2-0-C- -0PCP = -0CsClj 
II 


TFA = trifluoroacetic acid 
Scheme I 


ester hydrochloride (11) and the resulting dipeptide, 
N-benzyloxycarbonyl-L-seryl-L-phen ylalanine methyl es- 
ter (111) was hydrogenated in the presence of hydrogen 
chloride in anhydrous methanol to afford L-seryl-L- 
phenylalanine methyl ester hydrochloride (IV). Coupling 
of IV with N-benzyloxycarbonyl-P-t-butyl-r-aspartic 
acid pentachlorophenyl ester (V) afforded N-benzyloxy- 
carbonyl - P - t - butyl - L - aspartyl - L - seryl - L - phenyl- 
alanine methyl ester (VI). Hydrogenation of V1 by the 
usual method afforded P-t-butyl-L-aspartyl-L-seryl-L- 
phenylalanine methyl ester hydrochloride (VII). Cou- 
pling of VII with N-benzyloxycarbonyl glycine penta- 
chlorophenyl ester (VIII) afforded N-benzyloxycarbonyl 
glycyl - p - t - butyl - L - aspartyl - L - seryl - L - phenyl- 
alanine methyl ester (IX). Glycyl-P-t-butyl-L-aspartyl-L- 
seryl-L-phenylalanine methyl ester hydrochloride (X) 
was isolated by the hydrogenation of IX. Coupling of 
N-benzyloxycarbonyl-L-histidine azide (XI) with X led 
to the formation of N-benzyloxycarbonyl-L-histidyl- 
glycyl - - 1 - butyl - L - aspartyl - L - seryl - L - phenyl- 
alanine methyl ester (XII), m.p. 158-159". 


And-Calcd. for C37H47N7011: C, 58.04; H, 6.14; 
N, 12.81. Found: C, 58.31 ; H, 5.97; N, 12.62. 
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Complete deprotection of the pentapeptide XI1 was 
achieved by saponification, hydrogenation and treat- 
ment with trifluoroacetic acid affording L-histidyl-glycyl- 
L-aspartyl-L-seryl-L-phenylalanine (XIII), m.p. 21 5-21 8 ” 
dec. 


And-Calcd. for C24H31N709: C ,  51.34; H. 5.53; 
N, 17.47. Found: C ,  51.12; H, 5.68; N, 17.19. 


The free pentapeptide XI11 was homogeneous to paper 
chromatography and paper electrophoresis under a 
variety of conditions. 


Further studies on the catalytic activity and the chem- 
istry of the pentapeptide XI11 and other peptides incor- 
porating histidine and serine separated by different 
distances of amino acids are under investigation. 


REFERENCES 


(1) H. Neurath, Adoan. Protein Chem., 12, 319(1957). 
(2) E. A. Barnard and W. D. Stein, Aduan. Enzymol., 20, 51 


(1958). 
(3) M. L. Bender and F. Kezdy, J. Am. Chem. Soc., 86, 3704 


(1964). 
(4) H. Neurath. “Bio-Organic Chemistry,” W. H. Freeman, 


San Francisco, Calif., 1968, p. 249. 
(5) J. C. Sheehan and D. N. McGregor, J.  Am. Chem. Sac., 84, 


3000(1962). 
(6) 1. Photaki. V. Bardakos, A. W. Lake, and G. Lowe, J. 


Chem. Soc., 1968, 1860. 
(7) E. Katchalski. G. D. Fasman, E. Simons, E. R. Blout, F. R. 


N. Gurd, and W. L. Koltun, Arch. Biochem. Biophys., 88, 361 
(1960). 


(8) P. A. Cruickshank and J. C. Sheehan, J.  Am. Chem. SOC., 
86, 207q1964). 


(9) J. C. Sheehan, G. B. Bennett, and J. A. Schneider, ibid., 88, 
3455( 1966). 


(10) J. Kovacs. R. Giannotti, and A. Kapoor, &id,  88, 2282 
(1966). 


(11) A. Kapoor, E. J. Davis, and M. J. Graetzer, J.  Pharm. 
Sci., 57, 1514(1968). 


A. KAPOOR 
SOON M. KANG 
MARY ANN TRIMBOLI 
College of Pharmacy 
St. John’s University 
Jamaica, N Y  11432 


Received September 2, 1969. 
Accepted for publication October 2, 1969. 


Interference of Polycarboxylic Acids in the 
Determination of Ester Degradation by the 
Hydroxamic Acid Procedure 


Keyphases 0 Ester degradation determination-polycarboxylic 
acid interference Hydroxamate assay procedure-polycarboxylic 
buffer interference [3 Colorimetric analysis-spectrophotometer 


Sir: 


In recent studies dealing with the kinetics of degrada- 
tion of polyethylene gIycol-600-mono-oleate in hydro- 


1 
1 2 3 4 5 6 7 


PH 


Figure 1-Absorbance of ferric Iiydroxamate after heating hydro- 
alcoholic solution buffered to carious p H  ralires with succinic acid 
for 24 hr. 


alcoholic solution at  80°, inconsistent results were ob- 
served. The degradation of the ester was determined by 
the ferric hydroxamate procedure (l), which indicated 
an apparent increase in ester concentration as a function 
of time. Investigation of the system leads us to believe 
that the succinate buffer system employed appears to 
react with the ethanol present in  the system to form 
esters. 


Blank solutions were prepared containing 0.1 M suc- 
cinic acid in 50 ethanol and adjusted to pH 2,4,5,  and 
7 with 0.1 N sodium hydroxide and then subjected to  
refluxing at 80” for 24 hr. Samples were then taken and 
assayed by the hydroxamate procedure (1) with the 
results shown in Fig. 1. It  is readily apparent that even in 
the absence of the test compound there is an increase in 
absorbance at 520 mp which indicates the formation of 
an ester species. The reaction probably proceeds via an 
intermediate anhydride formation as reported earlier 
(2, 3), which would show an identical pH dependency. 
As expected, similar results were noted in our experi- 
ments using other polycarboxylic buffer systems such as 
citrate and tartrate. The interference was essentially 
eliminated by the use of phosphate systems. 


These findings clearly indicate again the potential side 
reactions induced by buffers which may give rise to 
significant interference with analytical procedures. To 
test the validity of the assumption that the reaction in- 
volved esterification of the ethanol, identical solutions 
were prepared but substituting acetone for ethanol. Ace- 
tone was chosen since, if the proposed mechanism were 
correct, it would not react with the proposed anhydride 
intermediates. Solutions, after heating under the identi- 
cal conditions as cited previously, showed no change in 
absorbance at 520 mp. These findings would further 
support the hypothesis that esterification was taking 
place during the heating process. 


The above-cited interference could cause significant 
errors in the interpretation of high-temperature kinetic 
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Potentiometric Titration of Monomeric and 
Micellar Acylcarnitines 


SAMUEL H. YALKOWSKY* and GEORGE ZOGRAFI 


Abstract [7 Carnitine (6-hydroxy-y-trimethylammonium butyrate) 
enzymatically combines with fatty acids to facilitate their transport 
through mitochondrial membranes and thus their metabolism. 
In view of this fact, a study of the physical-chemical properties of 
some acylcarnitines was conducted. Potentiometric titrations were 
carried out at concentrations at which the acylcarnitines are mono- 
meric and micellar. Unlike the monomeric species, the micellar 
acylcarnitines do not have a constant pK value but rather one that is 
dependent on the degree of protonation and hence the net positive 
charge of the micelle. The pK value for the zwitterionic micelle is 
about 4.85 and decreases linearly with 0 at low degrees of protona- 
tion. The pK of the zwitterionic micelle was taken as the intrinsic 
pK of a carboxyl group, and pK differences at any value of p were 
attributed to electrostatic interactions. This permitted calculation 
of the surface potential of the micelle. The dependence of the ob- 
served pK and the calculated surface potential on @ and on ionic 
strength was shown to be qualitatively consistent with the Debye- 
Hiickel theory for a spherical impenetrable particle. 


Keyphrases 0 Acylcarnitines, monomeric, micellar-potentio- 
metric titration 0 CMC-acylcarnitines 0 Surface potential- 
acylcarnitine micelies Ionization, micelles-pK value effect 0 
Potentiometric titration-monomeric, micellar acylcarnitines 


fact that several compounds having structures similar 
to  carnitine and acylcarnitine are not able to pass 
through the mitochondrial membrane suggests that the 
acylcarnitine structure is specifically required for fatty 
acid transport (4,5). 


Carnitine and its acylated derivatives (Table I) have 
three functional groups that can interact with each 
other and with groups on neighboring molecules. In 
the case of long-chain acylcarnitines, micelle formation 
also can occur. These interactions could affect the 
ionization behavior of such compounds and hence 
their ability to  function in membrane transport. The 
present study was designed to determine the effects of 
structural modification and environmental conditions, 
e.g., ionic strength, pH, and micelle formation, on the 
ionization behavior of these compounds, with a long- 
range view of understanding their transport-mediating 
properties. 


EXPERIMENTAL 


Although the coenzyme A derivatives of fatty acids 
are metabolized through p-oxidation in the mito- 
chondrion, these activated fatty acids cannot enter 
the mitochondrion from the cytoplasm unless carnitine 
(P-hydroxy-7-trimethylammonium butyrate) is present 
(1-3). At the mitochondrial membrane surface, fatty 
acyl coenzyme A derivatives are enzymatically com- 
bined with carnitine, producing free coenzyme A and 
fatty acylcarnitine (I). 


0 0 


CH,-N+(CH3)3 
I 


The acylcarnitines pass through the mitochondrial mem- 
brane and react with intramitochondrial coenzyme A 
to form free carnitine and fatty acyl coenzyme A. 
The intramitochondrial acyl coenzyme A is metabolized 
via the @-oxidation cycle, and the carnitine can pass 
back across the membrane to react with another 
extramitochondrial acyl coenzyme A molecule. The 


Materials-The various acylcarnitines used in this study were 
synthesized by reacting DL-carnitine HC1 (Mann Research Lab- 
oratories, Inc.) with high purity (99f %) fatty acids (Applied 
Science Laboratories) according to the method of Ziegler el al. (6). 


DL-Acetylcarnitine (Otsuka Pharmaceutical Co.), m-y-dimethyl- 
amino-0-hydroxy butyric acid HCl (norcarnitine) (Riker Labora- 
tories), y-amino butyric acid (GABA) (Nutritional Biochemicals 
Corp.), y-butyrobetaine (GBB), and DL-y-amino-0-hydroxy butyric 
acid HCl (Calbiochem) were used. 


All physical constants and tests for purity agree well with litera- 
ture values (6). Plots of surface tension versus concentration for the 
long-chain acylcarnitines show no minima, suggesting the absence 
of free fatty acid (7). 


Determination of Critical Micelle Concentration-The determina- 
tion of the critical micelle concentration (CMC) is necessary to 
evaluate the relative contribution of monomeric and micellar 
species to the titration behavior of the long-chain acylcarnitines. 
This was accomplished by determining the concentration at which 
the break in the log concentration versus surface tension plot occurs. 
The surface tension of solutions containing various concentrations 
of decyl-, lauryl-, myristyl-, and palmitylcarnitine was determined 
by the drop volume method as described by Weiner and Zografi 
(7). Table I1 lists the CMC values for acylcarnitines in their cationic 
and zwitterionic forms in the presence and absence of 0.20 MKCI. 


The CMC values shown for octylcarnitine were obtained more 
conveniently by determining the break in the pH uersus log con- 
centration plots (8). Values obtained in this manner for other 
acylcarnitines were in excellent agreement with the results of surface 
tension measurement. 


Table I-Critical Micelle Concentrations of Cationic and Zwitterionic Acylcarnitines in Water and 0.20 M KCl at 25" 


, ~ _ _ ~ ~ _  Critical Micelle Concentration, moles/l.----- 7 


Zwitterionic Form------ r--- Cationic Form------ _____ 
Compound HzO 0.20 M KCl HzO 0.20 M KCI 


Octylcarnitine 1 . 6  X 10-L 1.0 x 10-1 1 . 1  x 10-1 9 . 5  x 10-2 
Decylcarnitine 1.5 x 10-2 7 . 0  x 10-3 1 . 1  x 10-2 9.0 x 10-3 
Laurylcarnitine 1 . 5  X lo-$ 7 . 5  x 10-4 1.2 x 10-3 8 . 5  x 10-4 
Myristylcarnitine 1 . 5  x 10-4 9.0 x 10-5 1 . 0  x 10-4 7 . 5  x 10-6  
Palmitylcarnitine 1 .5  X 8.5  x 10-6 - - 
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Potentiometric Titration-Potentiometric titrations were carried 
out using a Beckman 101900 research pH meter equipped with a 
Beckman 39167 general-purpose glass electrode and a Beckman 
19168 silver-silver chloride reference electrode. The instrument was 
standardized with Beckman pH 4 buffer solution (pH 4.01 at 
25") and calibrated at pH 10.184 by an internal calibration device 
before and after each titration. 


The solutions were prepared by dissolving the undissociated acid 
in doubly distilled Cot-free water. The titrant was added in 0.01 
mmole or smaller increments by means of an Agla micrometer 
syringe outfit (Burroughs Wellcome & Co.). The entire titration 
was run at constant temperature and under nitrogen atmosphere. 
The apparent ionization constant of zwitterionic compounds such 
as the acylcarnitines may be defined as: 


where (Ri) and (RH+) are the concentrations of the zwitterionic 
and cationic species, respectively. The logarithmic form of Eq. 1 is, 
therefore, 


pK = pH + log (5) 


5.00 


4.50 


Y 
n 4.00 


El > 
p: 
W m 
0 
rn 


3.50 


3.00 


If 0 is defined as the fraction of the total acylcarnitine that is pro- 
tonated or ionized, then 


and Eq. 2 becomes 


PK = pH + log 1 - 8  
If the hydrogen- or hydroxyl-ion concentration is not negligible 
compared to the concentration of acylcarnitine, the condition of 
electrical neutrality must be considered and these equations 
must be modified according to a standard method described by 
Albert and Serjeant (9). 


RESULTS 


Titration of Monomers-The pK values of 0.01 M solutions of 
carnitine and those acylcarnitines that are monomeric at this 
concentration are given in Table 11. The pK values of other com- 
pounds having structures similar to the carnitines are shown for 
comparison. As expected from Eq. 4, the values are independent of 
the degree of ionization, 0, and of temperature in the range of 
20-40". The pK values obtained at concentrations as high as 0.10 
M differed only slightly. The pK of acetylcarnitine is increased by 
0.1 pK unit in the presence of 0.2 M LiCI, NaC1, KCI, KBr, or 
KI, indicating a relatively small ionic strength effect and no specific 
effect for these ions. 


Effects of Concentration-The pK values of cationic decyl- 
carnitine determined potentiometrically are shown in Fig. 1.  It can 
be seen that the pK is constant below the CMC, indicating that the 
surfactant behaves as a normal electrolyte at these concentrations. 
Above the CMC (Fig. 1) the pK is dependent on concentration due 
to the changing ratio of monomeric to micellar surfactant. After 
this transition region the pK begins to become constant again, due 


> 
p: 
W 
m 
0 
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3.0 1 
I I I I I 1- 
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Figure I-Effect of micelle formation on the observed p K  of decyl- 
carnitine (p  = 0.5). 
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Figure 2-Titration curves (observed p K  versus 8) for laurylcarnitine 
at several concentrations of added KCI. Key:  0, no salt; 0, 0.05 M; 
0.0.10 M; andA, 0.20 M. 


DEGREE OF IONIZATION (@) 


to the diminishing ratio of the monomeric surfactant to the micellar 
surfactant. This type of concentration dependence was observed by 
Ekwall et al. for certain cholates (10) and by Tokiwa and Ohki for 
alkyl amine oxides ( I  1). 


Titration of Micelles-At concentrations significantly greater 
than the CMC (where the contribution of the monomer to the 
titration curve is negligible) the apparent ionization constant, pK, 
at any value of is not independent of /3, as is usually the case for 
monomers. These values, however, are independent of tempera- 
ture. Figures 2 4  show curves of pK versus /3 for lauryl-, myristyl-, 
and palmitylcarnitine at several concentrations of added KCI. 
Values of pK appear to decrease linearly at lower degrees of ioniza- 
tion and extrapolate to a pK at /3 = 0 of 4.85 k 0.03. The change in 
pK with 0 is less pronounced at high salt concentrations. Figure 5 
contains the titration curves of myristylcarnitine in 0.2 M LEI, 
NaCI, KCI, KBr, and KI, and indicates that the curves for the three 
chlorides are identical while those for titration in KBr and KI 
show significantly higher pK values for each 0. 


DISCUSSION 


The pK values of butyric acid, pentanoic acid, hexanoic acid, 
and most other aliphatic acids are all about 4.83 ?C 0.03. This 
value may therefore be taken as the intrinsic pK or pG for an ali- 
phatic carboxylic acid. The difference in pK between each compound 
listed in Table I1 and 4.83 is proportional to the work required to 
bring a proton from infinity to the site of the carboxylate group 
on the molecule. Thus, if the acid also has a positively charged 
group, work must be done to bring a proton to the molecule, and 
the pK decreases. If the acid molecule contains a negatively charged 
group, free energy is lost by the process of bringing a proton to 
the molecule and the pK increases. The magnitude of this effect is 
given by the expression (12) 


1 These curves are also independent of the concentration of acylcar- 
nitine present as long as the ionic strength is not changed. Because of 
the high CMC of decylcarnitine, titration curves which are free of con- 
tributions from monomers present could not be obtained, but signif- 
icant differences in pK below and above the CMC were noted. 
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Figure 3-Titrdion curves (observed p K  versus 0) for myristylcarni- 
tine at several concentrations of added KCI. Key: 0, no salt: 0, 
0.05 M; U, 0.10 M; andA, 0.20 M. 


DEGREE OF IONIZATION (j3) 


where e is the charge on an electron or carboxylate group; z is the 
charge of the substituent; R is the distance between the substituent 
and the carboxyl group; and DE is the effective dielectric constant 
separating the substituent and the carboxyl group. 


From the data in Table 11, it can be seen that carnitine and the 
acylcarnitines have pK values which are significantly lower than 
4.83. These low values are primarily due to the electrostatic inter- 
action between the positively charged nitrogen and the carboxyl 
group as already discussed. In addition to  the above ion-ion inter- 
actions, ion-dipole, hydrogen-bonding, and steric interactions in- 
volving other groups on the molecule can contribute to the change 
in the ionization constant of a carboxylic acid. For instance, both 
the 0-hydroxy and 8-acyl substituted derivatives have lower pK 
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DEGREE OF IONIZATION (8)  


Figure &Titration curves (observed pK versus 0) for palmitylcarni- 
tine at several concentrations of added KCI. Key: 0, no salt; 0, 
0.10 M; andA, 0.20 M. 


Table 11-pK Values of Carnitine and Some 
Related Compounds 


-Structure-- 
Compound XCHzCH(Y)CHZCOOH pK 


Butyric acid H H 
Pentanoic acid CH3 H 
Hexanoic acid CzHs H 
GBB (CHa)aN+ H 
GABA H3Nf H 
Carnitine HCI (CH&N+ OH 
Norcarnitine HC1 (CH&HN+ OH 
P-Hy droxy- y-ammonium 


butyric acid H3N+ OH 
Acetylcarnitine HCI (CHr)aN' C2HaOz 
Butylcarnitine HCI (CH&N+ CkLOz 
Octylcarnitine HCI (CH&N+ CsHuOz 
Decylcarnitine HCI (CHa)aN+ CioHigOz 


a Literature values (10). 


4.83 
4.80" 
4.8SU 
4.02 
4.01 
3.80 
3.81 


3.80 
3.60 
3.56 
3.60 
3.65 - 


values than compounds having the same structure except for these 
8-substituents. The pK values of the four acylcarnitines are 
nearly the same, indicating that the size of the acyl group has little 
or no effect on the electrostatic interactions of these compounds. 
The reason for the difference in pK values between carnitine and its 
esters (about 0.2 pK unit) is unclear. However, it is likely that the 
ester carbonyl interacts with the carboxyl group and facilitates dis- 
sociation of a proton. 


The structures of GBB and GABA are identical except for the 
substituents on the quaternary nitrogen and, likewise, the structures 
of carnitine, norcarnitine, and y-amino-P-hydroxy butyric acid 
differ only in the number of methyl groups on the nitrogen. The 
fact that the first two compounds have the same pK value and the 
remaining three pK values are the same indicates that the electro- 
static interaction is independent of the minimum distance with 
which the quaternary nitrogen and the carboxyl group can approach 
each other. This interpretation is in agreement with the results of 
other workers (12, 13), who determined that the carbyxyl proton 
and the quaternary nitrogen of GABA are from 4 to 6 A apart, i.e., 
that the molecule is almost fully extended. In view of this the cyclic 
conformation proposed for acetylcarnitine by Fellman and Fujita 
(14) seems unlikely. 


In the titration of a carboxyl group on a positively charged 
surface, such as the surface of an acylcarnitine micelle, the observed 
pK at a particular degree of ionization is dependent upon the surface 
potential of the micelle, I). This relationship is expressed by an 
equation analogous to Eq. 5 ,  known as the general potentiometric 
equation for polyelectrolytes (12, 15-18). This equation has been 
shown to be valid for micelles by Tokiwa and Ohki (19,20): 


pK = pG + 0.434 kT 


As in Eq. 5 the term pG is related to the work of protonating the 
carboxyl group in an uncharged environment, i.e., when 0 = 0, 
and the last term in the equation is related to the work required to 
bring the proton to the micelle surface from infinity. Equation 6 
can be rearranged so that $ is expressed in terms of the difference 
between the observed and intrinsic pK values: 


(Eq. 7) 
kT 


I) = 2.303 - (PK - PG) 


This method of determining the surface potential of a micelle is 
more convenient than the electrophoretic method (21-23) since it is 
rapid and requires no equipment other than a pH meter. Since it 
gives the potential at the plane of the carboxyl groups, it has theo- 
retical advantages over the electrophoretic method in that the value 
is independent of the thickness of the hydration layer. This method 
is not limited to the present system, but can be applied to any 
titratable group solubilized at a micelle surface including those of 
the surfactant itself. 


The values of $ obtained by applying Eq. 7 to the data shown in 
Fig. 3 are plotted in Fig. 6. The surface potentials of lauryl-, 
myristyl-, and palmitylcarnitine at 0 = 0.1, 0.5, and 1.0 and at 
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Figure 5-Plors of surface potential versus @ for  myristylcarnitine 
at several concentrations of added KCI. Key: 0, no salt; 0,0.05 M; 
0,O.lO M; and& 0.20 M. 


DEGREE OF IONIZATION (0) 


several concentrations of added KC1 are shown in Table I11 for 
comparison. It can be seen from this table that the surface potentials 
at a given degree of ionization and, ionic strength show no de- 
pendence on the length of the aliphatic chain, suggesting that the 
surface-charge density and, therefore, the surface packing in the 
micelle is the same for these three compounds. 


In order to interpret quantitatively the effect of p and ionic 
strength on the surface potential and hence the pK, it is necessary 
to express $ in terms of measurable parameters such as micelle 
radius, h, aggregation number, n,  and the net charge on the micelle 
at a given degree of ionization, Z.  Unfortunately, this cannot be done 
analytically for a small spherical particle such as a micelle but 
it can be approximated; one such approximation is that of 
Dehye-HGckel(l2): 


$ = -  2kT wz 


where w ,  the electrostatic factor, is given by 


where a is b plus the average radius of the electrolyte ions,2 D 
is the dielectric constant at the micelle surface, and K is the inverse 
Debye radius which is given by 


where I is the ionic strength of the solution. 
This approximation is valid for impenetrable spherical particles 


at low surface potential and at low concentrations of 1 : 1 elec- 
trolytes. It is assumed further that the net charge on the particle 
is spread evenly over the surface. Although this is not the 
correct physical situation, it has been shown (18, 24, 25) that 
under these conditions a more rigorous fixed charge model gives 
almost the same results as a spread charge model. This would 
be especially true for a micelle in which the individual charges are 
free to arrange themselves so that they are evenly spaced, i.e., in 
their lowest energy state. The ability of the cationic and anionic 


2 Since the distance between charges on the micelle surface is con- 
siderably greater than the radius of the electrolyte ions, and since the 
micelle surface is probably not smooth, it might be more correct to let 
a = b, i.e., to assume that the electrolyte ions behave as point charges. 


Table ID-Surface Potentials for Acylcarnitines at Several 
Degrees of Ionization ( p )  and Several Concentrations of 
Added Electrolyte 


Concentration I Surface Potential, mv.- 7 


Added KCI, Lauryl- Myristyl- Palmityl- 
moles/l. carnitine carnitine carnitine 


p = 0.10 
0.00 26.6 29.6 42.6 
0.05 24.2 21.9 
0.10 17.2 17.7 20.1 
0.20 14.2 14.8 15.4 


p = 0.50 


- 


91.7 
- 


0.00 87.1 102 
0.05 73.7 77.0 
0.10 68.0 66.8 68.0 
0.20 62.2 62.7 62.2 


p = 1.00 
0.00 117 117 
0.05 104 104 
0.10 97.2 97.2 96.0 
0.20 89.0 88.7 90.6 


113 
- 


groups of acylcarnitines to arrange themselves in such a manner 
seems very likely in view of the titration behavior of the monomeric 
species, which suggested that these groups were far enough apart to 
interact with neighboring molecules. 


If the micelle has an aggregation number of n and a degree of 
ionization of f l .  the net charge is given by 


Z = nj3 0 3 .  11) 


and Eqs. 6 and 8 become, respectively, 


pK = pG + 0.868 w ~ j 3  0%. 12) 


and 


2kT * = -  wnP 


From Eqs. 12 and 13, it can he seen that at B = 0, pK must equal 
pG, and $must hecomezero. Indeed the value of the experimentally 
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Figure 6-Effecrs of specific monovalent ions on the tiiration curves 
of myristylcarnitine. Key: A, 0.20 M KCl; 0, 0.20 M LiCI; 0, 
0.20 M NaCI; 0,0.20 M KBr; and+, 0.20 M KI. 
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determined pG is in excellent agreement with the literature value 
for aliphatic carboxylic acids. The apparent linearity in the pK 
versus p with $ versus @ curves (Figs. 1-4) at low @ is expected from 
Eqs. 12 and 13. The deviation of all of the curves from linearity at 
high @ is probably due to a change inn or w with increasing charge, 
or more likely to the failure of the Debye-HEckel approximation at 
high potential (26). Further investigations of the relationship 
between w, n, and p are now being carried out using other mathe- 
matical treatments and experimental measurements of the micelle 
size (27). 


The fact that the pG values of all of the acylcarnitines are in- 
dependent of concentration of surfactant and added KC1 (Figs. 
2-4) indicates that neither K+ nor C1- are bound to the zwitterionic 
micelle. Figure 5 shows that Li+ and Na+ also are not bound to  the 
neutral micelle but that Br- and, to an even greater extent, I- 
appear to be bound (28). This order of ion binding to cationic 
micelles has been noted previously (29). The fact that C1-, Br-, 
and I- do not exhibit different effects on the titration of the mono- 
meric acetylcarnitine suggests that these specific ion effects are, in- 
deed, dependent on the presence of the micellar surface. 


CONCLUSIONS 


The pK values of micellar surfactants such as the acylcarnitines 
are not constant but change with @, the degree of ionization of the 
micelle. The difference between the pK value observed at a particular 
value of /3 and the intrinsic pK for a carboxyl group has been 
utilized to determine the surface potential $ at that value of p. 


A model utilizing the Debye-Hiickel approximation has been 
shown to be qualitatively consistent with experimental results. 


The ionization constants and surface potentials of lauryl-, 
myristyl-, and palmitylcarnitine micelles at any given value of @ 
are independent of chain length but are highly dependent on ionic 
strength. Specific ion effects are observed for Br- and I- but not 
for Li+, Na+, K+, or CI-. 


The significant effect of surface charges on the ionization equilib- 
ria of this particular micellar system suggests the general importance 
of these considerations for understanding kinetic and adsorption 
processes involving charged species at charged interfaces such as 
micelles, monolayers, bilayers, and biological membranes. 
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Placental Transfer of Pentobarbital in the Rat 


DAVID P. S. MORK*, WAYNE V. KESSLER, and STANLEY M. SHAW 


Abstract 0 The placental transfer of pentobarbital and/or metabo- 
lites was determined in rats using 14C-labeled pentobarbital. The 
level of pentobarbital and/or metabolites in fetal blood was greatly 
influenced by the circulating level of pentobarbital and/or metabo- 
lites in the mother. Of the total pentobarbital and/or metabolites 
transferred, the percentage of unbound pentobarbital in fetal blood 
plasma was influenced by the pentobarbital dose level administered 
to the pregnant rat. A greater percentage of total pentobarbital 
and/or metabolites was present as unbound pentobarbital in fetal 
blood plasma than in maternal blood plasma. Chronic administra- 
tion of pentobarbital during gestation decreased sensitivity to the 
pharmacological effects of further drug administration to the 
newborn. The changes induced by pretreatment were not per- 
manent. 


Keyphrases Placental transfer, rat-pentobarbital, metabolites [? 
Pentobarbital, labeled-fetal blood 0 Fetal blood concentration, 
pentobarbital-maternal blood concentration 0 Scintillometry- 
analysis [7 TLC-analysis, radioactivity 


Placental transfer of pentobarbital in the human at 
term was reported by Flowers (1). Transfer was deter- 
mined by measuring pentobarbital in the arterial and 
venous blood of the umbilical cord. By observing a 
decrease in the respiratory rate of the newborn, Dreis- 
bach and Synder (2) determined that pentobarbital 
crosses the placenta of the rabbit at term. In this in- 
vestigation, 14C-labeled pentobarbital was employed to 
determine the placental transfer of pentobarbital and/or 
metabolites, as well as unbound pentobarbital in the 
rat. In addition, the influence of chronic pentobarbital 
administration to the pregnant rat on the sleep time 
and the blood level of bound and/or unbound pento- 
barbital required for sleep was studied in the newborn. 


EXPERIMENTAL 


Animal Care and Mating-Sprague-Dawley albino rats (200- 
210 g.) were housed individually in screen wire-bottom hanging 
cages in a controlled light environment. Animals were allowed 
food2 and water ud libitum. Prior to being used for experimental 
study, the animals received 5 min. of handling daily for 2 weeks 
to reduce stress. 


For mating, one male was placed with one female at 5:OO p.m. 
The male was removed at 7:OO a.m. the following morning and a 
vaginal smear was taken. The slides were fixed in 95% methanol, 
stained with Giemsa’s blood stain, and examined microscopically 
to determine the estrous cycle of the rat. When sperm were present 
during estrous, the female was assumed to be mated (3). On Day 18 
of gestation, wood shavings were added for bedding to satisfy the 
nesting instinct. 


Labeled Pentobarbita-The labeled compound used was 5-ethyl- 
5-( l-methylb~tyl)barbituric-2-~~C acid.4 It was converted to the 
sodium salt with 0.01 N sodium hydroxide, and the resulting solution 
was used throughout this study. Chemical purity and radiochemical 
purity were determined chromatographically using unlabeled 


1 Sprague-Dawley Inc., Madison, Wis. 
2 Wayne Lab-Blox, Allied Mills, Inc., Chicago, Ill. 
3 Matheson, Coleman & Bell, Norwood, Ohio. 
4 Supplied by New England Nuclear, Boston, Mass. 


authentic pentobarbital and the two solvent systems to be described 
later. No chemical impurities were found; the radiochemical purity 
was greater than 99.5%. The specific activity of the labeled pento- 
barbital injected into rats was 4 pc./mg. 


Determination of Radioactivity-Individual tissue samples were 
placed in tared counting vials containing 1 ml. of a solution of a 
quaternary ammonium compound,5 weighed, and dissolved by heat- 
ing at 60” for 2 hr. with gentle agitation. The vials were cooled; the 
samples were decolorized with 0.5 ml. of 30% hydrogen peroxide. 
Glacial acetic acid, 0.5 ml., was added to minimize protein phos- 
phorescence. After 10 min., 15 ml. of XDC scintillator6 was added 
to each sample. The samples were counted in a Tri-Carb7 using the 
internal standard method ( 5 )  to determine the absolute disintegra- 
tion rates. The maximum counting error was 1 %. 


Chromatography-TLC plates were prepared with a distilled 
water slurry of equal parts of two commercial adsorbents? The 
plates were air-dried, activated in an oven at 100” for 1 hr., and 
cooled to room temperature prior to spotting. The plates were 
developed in either a chloroformacetone (9 : 1) solvent or a di- 
oxane-benzene-ammonium hydroxide (4 : 15 : 1 )  solvent (6 ,7 ) .  


Compounds were visually located using UV light. The chroma- 
tograms were then sprayed9 and exposed to Kodak No Screen 
medical X-ray film10 for a time period which allowed approx- 
imately 108 disintegrations/an2 to occur. The films were de- 
veloped with Kodak chemicals according to manufacturer’s 
instructions. Labeled compounds on a chromatogram were quanti- 
tatively removed for counting by scraping the adsorbent containing 
the compound from the plate. The adsorbent was placed 
in a counting vial containing 15 ml. of XDC; colloidal silica’’ 
was added to form a thixotropic gel. The total radioactivity on the 
developed plate was summed and considered as 100% of the radio- 
activity applied. The radioactivity found in a labeled compound 
was expressed as a percentage of the total applied. 


Optimal Time of Sacrifice-Animals were injected intraperi- 
toneally with a lO-mg./kg. dose of labeled pentobarbital on Day 19 
of gestation. Day 19 was selected because most compounds have 
been shown to cross the placental barrier to the greatest extent 
near the termination of gestation. Groups of animals were sacrificed 
with ether 1, 3, 6, 12, or 24 hr. following drug administration. 
Blood samples were obtained from the heart of the mother and 
fetus. On the average, the blood sample obtained from each fetus 
weighed approximately 115 mg. From each mother, certain fetuses 
were removed, weighed, frozen in liquid nitrogen, placed between 
sheets of plastic, and pulverized. The powdered fetus was thoroughly 
mixed and a sample was taken and prepared for counting. 


The 14C-radioactivity was determined for blood and tissue sam- 
ples. In this phase of the investigation, no attempt was made to 
differentiate between pentobarbital and metabolites. The “C- 
radioactivity was expressed as micrograms of pentobarbital per 
gram of sample. 


Effect of Dose Level-Pregnant animals were injected intra- 
peritoneally on Day 19 of gestation with a 5- or 25-mg./kg. dose of 
labeled pentobarbital. The animals were sacrificed 1 hr. after injec- 
tion, a i d  samples of various tissues were taken. The “C-radio- 
activity was expressed as micrograms of pentobarbital per gram of 
ssmple. Maternal and fetal blood were also obtained for determina- 


5 A methanolic solution of Hyamine hydroxide prepared according to 
the method of Bruno and Christian (4) from Hyamine 10-X crystals, 
Rohm & Haas, Philadelphia, Pa. 


6 The XDC scintillator was prepared as fol1ows:p-xylene, one part; 
p-dioxane, three parts; 2-ethoxyethanol, three parts; naphthalene, 8 Z; 
PPO, 1 Z; and dimethyl POPOP, 0.5 %. 


Model 3003, Packard Instrument Co., Inc., Downers Grove, Ill. 
8 Adsorbosil P-1 and Adsorbosil 1, Applied Science Laboratories, 


Inc., State College, Pa. 
9 With Neatan New, Brinkmann Instruments, Inc., Westbury, N. Y .  


10 Eastman Kodak Co., Rochester, N. Y. 
* I  Cab-0-Sil, Godfrey L. Cabot, Inc., Boston, Mass. 
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Table I-Pentobarbital and/or Metabolites in Tissues of Animals Sacrificed at Various Time Intervals followhg Administration - - Pentobarbital and/or Metabolites, mcg./g." - 


Fetal Bloodd No. of 
Time," Maternal 


hr. Animals Fetal Blood Fetal Tissue" Maternal Blood Maternal Blood 


1 
3 
6 


12 
24 


6.39 f 0.99 0.74 * 0.06 6 4.67 =!= 0.56 6.27 =!= 1.15 
0.93 & 0.14 6 5.07 f: 0.54 6.99 & 0.98 5.93 f: 1.09 
0.86 =t 0.01 3 3.71 f 0.42 4.67 =!= 0.33 4.34 f 0.56 


2.51 =!= 0.21  0.77 * 0.05 3 1.93 Ifr 0.21 2.28 =!= 0.18 
3 0.67 =!= 0.15 0.72 f: 0.32 0.77 f: 0.16 0.88 & 0.09 


~ _ _ _ _  ~~ 


Mean f standard error. 5 Time elapsed between injection and sacrifice. c Homogeneous sample of a whole fetus. d Ratio of amount of Pento- 
barbital and/or metabolites in the fetal blood to amount in the maternal blood. 


Table II-Effect of Dose on Transfer of Pentobarbital and/or Metabolites 


Pentobarbital and/or Metabolites, mcg./g.a---- 
Fetal Bloodd No. of 


Dose Maternal 
Levelb Animals Fetal Blood Fetal Tissuec Fetal Liver Maternal Blood Maternal Liver Maternal Blood 


5 8 3.91 f 0.24 4.16 & 0.16 5.96 f 0.23 4.43 =l= 0.18 12.70 & 0.44 0.89 * 0.05 
25 6 1 9 . 9 2 f 0 . 9 3  2 2 . 1 3 ~ k 0 . 8 1  2 9 . 3 1 3 ~ 0 . 7 3  2 3 . 9 8 k 1 . 1 3  63.14*1.48 0.83*0.03 


a Mean f standard error. * Milligrams oflabeled pentobarbital per kilogram of body weight administered on Day 19 of gestation. Homogeneous 
sample of the whole fetus. d Ratio of amount of pentobarbital and/or metabolites in the fetal blood to amount In the maternal blood. 


tion of unbound pentobarbital. Each whole-blood sample was 
centrifuged for 10 rnin. in a heparinized capillary centrifuge tubel2 
which was sealed with a commercial clay.13 The capillary tube was 
broken just above the interface between white blood cells and 
plasma, and the plasma was spotted on a thin-layer plate. Authentic 
14Glabeled pentobarbital was also spotted for reference. The plate 
was developed; labeled compounds were located and quantified ac- 
cording to procedures previously described. The percentage of the 
total 14C-radioactivity on the chromatogram that represented un- 
bound pentobarbital was determined. 


Effect of Pretreatment during Pregnancy on the Sleep Time and 
Dose Required for Sleeping in the Newborn-Pregnant rats were 
injected intraperitoneally on Days 11-20 of gestation with 
10 mg./kg. of unlabeled pentobarbital. Pregnant control rats re- 
ceived saline solution. The animals were allowed to give birth. 
Each litter was reduced to six animals to keep maternal care a 
constant. From each litter, three of the young rats were studied 
5 days following birth and the other three were studied 30 days 
after birth. Rats were weaned 25 days after birth. During the time 
interval previous to the determination of sleep time, no attempt was 
made to reduce stress in the 5-day-old animals by daily handling. 
The 30-day-old rats were handled daily for 10 min. for a period of 
6 days prior to sleep studies. 


The 5-day-old rats were injected intraperitoneally with 20 mg./kg. 
of labeled pentobarbital, while the 30-day-old rats received 30 
mg./kg. The sleep time was determined by measuring the loss of the 
righting reflex. Upon return of the righting reflex, blood was re- 
moved from the heart to determine the level of bound and/or 
unbound pentobarbital in the blood which was just below the level 
required for sleep. Bound and/or unbound pentobarbital was ex- 
tracted from blood according to the method of Brodie et al. (8). 
This extraction method removes bound and unbound pentobarbital 
while excluding metabolites of pentobarbital. The petroleum ether 
layer was added to the XDC scintillator, and 14C-radioactivity was 
determined. Counting data were expressed as pentobarbital. 


Analysis of Results-The Student t test (9) was used to test the 
results of the treatments for significant differences. All results were 
tested at the 95 level of significance. 


RESULTS AND DISCUSSION 


Optimal Time of Sacrifice-The results are presented in Table I. 
Fetal and maternal blood levels of pentobarbital and/or metabolites 
at 12 and 24 hr. postinjection were significantly different from each 
other and from the values at 1,3,  and 6 hr. Values at 1, 3, and 6 hr. 


1 2  Red Tip Heparinized Capillary Tubes, Division of American 


1 3  Seal-Ease, Clay Adams, Inc., New York, N. Y. 
Hospital Supply Corp., Evanston, Ill. 
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were not significantly different from each other. In general the 
measurable level of pentobarbital and/or metabolites in all tissues 
declined rapidly after 3 hr. One hour after injection was the time 
selected for sacrifice for the remainder of the study. 


For each time interval, the ratio of the fetal blood level of pento- 
barbital and/or metabolites to the maternal blood level was cal- 
culated. No significant difference was found between any of the 
ratios. The results indicate that by 1 hr. after injection an equilibrium 
had been established between the pentobarbital and/or metabolite 
level in the maternal and fetal blood. 


Effect of Dose-As may be seen in Table 11, an increased dose of 
pentobarbital administered to the pregnant rat resulted in an 
increased level of pentobarbital and/or metabolites in all of the 
tissues studied. The ratios of the amount of pentobarbital and/or 
metabolites in the fetal blood to the amount in the maternal blood 
were not significantly different for the two dose levels. Thus, the 
level of pentobarbital and/or metabolites in the fetal blood was 
directly proportional to the pentobarbitsl and/or metabolite level 
in the msternal blood, regaidless of the dose administered to the 
pregnant rat. 


Results of the determination of the unbound pentobarbital level 
in fetal and maternal blood plasma are shown in Table 111. The 
results are expressed as the percentage of the total 14C-radioactivity 
on a chromatogram which represented unbound pentobarbital. 
The data show that a higher percentage of total pentobarbital 
and/or metabolites was present as unbound pentobarbital in fetal 
blood plasma than in maternal blood plasma. The relationship 
was true for both dose levels. The data indicate that unbound 
pentobarbital transfers through placental membranes more readily 
than bound pentobarbital and/or metabolites. 


There was a significant increase in the percentage of unbound 
pentobarbital in the maternal and fetal blood when the dose was 
increased from 5 to 25 mg./kg. As was already shown, an increase 
in the pentobarbital dose administered to the pregnant rat increased 
the total pentobarbital and/or metabolites that transferred across 
the placenta. Of the total compound that transferred, a higher 
percentage of unbound pentobarbital was present in the fetal blood 
plasma at  the higher dose level than was present at the lower dose 
level. 


Effect of Pretreatment during Pregnancy on the Sleep Time and 
Pentobarbital Blood Level Required for Sleeping in the Newborn- 
As may be observed from the results presented in Table IV, there 
was a significant decrease in sleep time of 5-day-old newborn rats 
from pretreated mothers compared to 5-day-old newborn rats from 
control mothers. These results agree with the findings of Hart et al. 
(10) in a study of the stimulation of hepatic microsomal drug 
metabolism in the newborn and fetal rabbit. The data in Table IV 
show that a higher blood level of bound and/or unbound pento- 
barbital was required to induce sleep in the 5-day-old newborn 
rats from pretreated mothers, which indicated a decreased sensi- 







Table 111-Unbound Pentobarbital in Fetal and Maternal Blood 
Plasma 


No. of No. of 
Mater- Mater- 


nal nal 
Dose Ani- Ani- 
Levela nialsb Fetal Blood“ malsb Maternal Blood” 


5 7 43.21 f 5.95 6 12.20 =k 3.46 
25 6 72.73 =!= 3.74 5 28.94 Z!C 2.58 


Q Milligrams of labeled pentobarbital per kilogram of body weight 
administered on Day 19 of gestation. 6 Variation in animal number due 
to difficulty involved in chromatographic techniques. c Percent of total 
14C-radioactivity which represented unbound pentobarbital. Mean 


standard error. 


Table IV-Sleep Time and Pentobarbital Blood Level Required for 
Sleep” 


No. of 
Maternal 
Animals 


Control‘ 6 
Pretreatede 6 


Control 5 
Pretreated 6 


Sleep ,Time, 
min. 


Five Dayb 
409.5 f. 4.50d 
298.2 f 5.90 


Thirty Day 
91.80 f 10.89 
9 4 . 5 0 2 ~  2.37 


Pentobarbital Blood 
Level Required 


for Sleep, 
mcg./g. Blood 


4.05 f 0.28 
5.23 Z!C 0.21 


11.93 =!= 0.58 
12.19 2C 0.23 


____ 


a Sleep time is expressed as the duration of the loss of the righting 
reflex. Pentobarbital blood level required for sleep is expressed as the 
level of bound and/or unbound pentobarbital in the blood, which was 
necessary for the loss of the righting reflex. b Day after birth a t  wh!ch 
sleep study was conducted. c Newborn from mothers treated with saline 
solution during gestation. d Mean + standard error. e Newborn from 
mothers receiving pentobarbital during gestation. 


tivity to the pharmacologic effect of the drug. The 30-day-old 
pretreated rats exhibited neither a lower sleeping time nor a higher 
dose required for sleep when compared to 30-day-old rats from 
control mothers, indicating that in the intervening time interval the 
effects of pretreatment were not permanent. 


SUMMARY 


Pentobarbital and/or metabolites reached an equilibrium between 
maternal and fetal circulation within 1 hr. 


An increased dose of pentobarbital administered to the pregnant 
rat resulted in an increased level of pentobarbital and/or metabo- 
lites in all tissues studied. The level of pentobarbital and/or metabo- 


lites in fetal blood was greatly influenced by the circulating level of 
pentobarbital and/or metabolites in the mother. Of the total 
compound transferred, a higher percentage of unbound pento- 
barbital was present in the fetal blood plasma at the higher dose 
level than was observed in animals receiving a lower dose of pento- 
barbital. A higher percentage of total pentobarbital and/or metabo- 
lites was present as unbound pentobarbital in fetal blood plasma 
than in maternal blood plasma. 


The placental transfer of pentobarbital during chronic adminis- 
tration to pregnant rats caused a decreased sensitivity to the 
pharmacological effects of further drug administration to the new- 
born. Fiveday-old newborn rats from pentobarbital pretreated 
mothers exhibited a decrease in sleep time, with a higher bound 
and/or unbound pentobarbital blood level being required for sleep. 
The changes induced by pretreatment were not permanent and did 
not exist by the time the rat was 30 days old. 
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Kinetics of Urinary Excretion of D-( -)-Mandelic 
Acid and Its Homologs I: Mutual Inhibitory 
Effect of D-( -)-Manddic Acid and Its 
on Their Renal Tubular Secretion in 


EDW-ARD J. RANDINITIS*, MARTIN BARR, HENRY 


Abstract 0 It has been shown from the apparent first-order urinary 
excretion studies of D-( -)-mandelic acid and certain of its homo- 
logs, DL-tropic acid, D-( -)-4-hydroxy-4-phenylbutanoic acid, DL- 
phenyllactic acid, and D-( -)-benzyllactic acid, that the biological 
half-lives of the hoinologs are significantly shorter than that of 
D-( -)-mandelic acid in rats. Since these compounds, which differ 
from each other in their content of methylene groups around the 
carboxyl group, exhibit negligible metabolism and protein binding, 
low pKa values (3.3-4.7), and low lipid solubility at the physio- 
logical pH, and are primarily recovered in the urine in the intact 
form, they are utilized in these studies as model compounds to 
study the effect of hydrophobic group(s) on the rate of secretion. 
These compounds are shown to exert a mutual inhibitory effect 
on their renal tubular secretion, indicating a common “carrier” 
mechanism for their secretion. The utilization of these compounds 
indicated that the addition of methylene group(s) in the vicinity 
of the carboxyl group of the mandelic acid molecule increased its 
affinity for the carrier molecules of the renal tubular secretion sys- 
tem in rats. 


Keyphrases [? D-( - )-Mandelic acid and homologs-mutual in- 
hibition of urinary excretion 0 Urinary excretion-D-( -)-man- 
delic acid and homologs 0 Excretion rates, apparent-D-( -1- 
mandelic acid and homologs 0 ORD-identity 0 Polarimetry- 
identity 0 GLC-analysis 


Although considerable work has been reported 
showing the effect of variation of hydrophobic groups 
within a weakly acidic drug molecule on its rate of 
transport through kidney slices (1-3), little such work 
has been carried out in uiao. Furthermore, in in uiuo 
work, the determination of the effect of hydrophobic 
variations in the molecule on the rate of urinary excre- 
tion and kidney tubular secretion has been shown to be 
complicated due to the differences of the homologs in 
their extent of binding to plasma proteins, pKa values, 
and partition coefficients between a lipid phase and 
water. The objectives of such studies were to investigate 
the physicochemical nature of the transport system in- 
volved in the kidney tubular secretion of drugs and 
other chemicals and to gain some insight into the struc- 
tural specificity of a drug molecule for the transport 
system. The compounds commonly employed in such 
studies are p-aminohippurate (4), phenylbutazone (5) ,  
p-aminosalicylic acid (6), salicylic acid (2), and chloro- 
thiazide (7). 


From the studies of renal excretion of phenylbutazone 
analogs ( 5 )  and sulfonamide analogs (8), it has been 
shown that the rate of excretion of most of these com- 
pounds is inversely related to their pKa values at the 
normal slightly acidic urine pH. However, in their in- 
hibitory studies of hippurate transport by phenylbuta- 
zone analogs in the kidney slices of dogs and rabbits, 
Despopoulos et al. (9) found a lack of a clearcut relation- 
ship between the inhibitory capacity of the phenylbuta- 


Certain Homologs 
Rats 


C. WORMSER, and JANARDAN B. NAGWEKARt 


zone analogs and their pKa values and lipid solubility. 
Despopoulos and Callahan (10) observed that the reab- 
sorption of certain sulfonamides with pKa values greater 
than the normal urine pH of 6 to 7 occurs from the renal 
tubules, and it makes difficult the interpretation of data 
to correlate the chemical affinity of drug analogs to the 
renal transport system. This problem becomes further 
complicated if a drug is largely metabolized and the 
metabolites interfere with the secretion of the parent 
compound, as observed with substituted benzoic acids 


Rammelkamp and Bradley (12) and Beyer et al. 
(13) were among the first to demonstrate that iodo- 
pyracet and p-aminohippurate cause an increase in the 
blood levels of penicillin due to the competition of the 
inhibitors with penicillin for the carrier of secretory 
process in the renal tubular membrane. Similar inhibi- 
tory effects of probenecid on the urinary excretion of 
the optical isomers of mandelic acid have been demon- 
strated in humans by Nagwekar and Kostenbauder 
(14). Kamienny et nl. (15) have also shown that, in 
humans, sulfadiazine, sulfamerazine, sulfamethazine, 
and (-)-mandelic acid probably share the same renal 
tubular transport mechanism for secretion. Various 
possible mechanisms suggested for the inhibition of 
transport of compounds through renal tubular mem- 
branes have been shown to depend on the chemical 
nature of the substrate and the inhibitor (16). The type 
of inhibition which is widely studied for the transport of 
substances across the renal tubular membrane is that in 
which the substrate and inhibitor probably share the 
same transport carrier. 


The purposes of this project were to study the kinetics 
of urinary excretion of a model acidic compound and its 
homologs, which differ from each other in the content of 
their hydrophobic groups, such as methylene groups, 
and to determine their biological half-lives and initial 
excretion rates in the absence and presence of each other 
in rats. If such compounds are secreted by the same 
pathway, it may then be expected that they would 
mutually inhibit the secretion of each other. For reasons 
described later, ~-(-)-mandelic acid is considered as a 
model compound and is used in the present studies. The 
compounds used in these studies are listed in Table 111. 
The differences in the initial urinary excretion rates or 
the biological half-lives that these compounds show are 
attributed to the differences in the hydrophobic inter- 
actions which take place between the compounds and a 
carrier or carrier system. As described in the next paper 


(1 1). 


~~ ~~ 


1 Diodrast, Winthrop Laboratories, New York, N. Y. 
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in this series (17), an additional objective of this project 
was to gain some insight into the structural and chemical 
specificity that the carrier transport system of the renal 
tubule shows toward anionic drugs by studying the 
Michaelis-Menten-type kinetics of secretion of these 
compounds. 


EXPERIMENTAL 


Materials-D-( -)-Mandelic acid,2 m.p. 132-133", [& - 154.2" 
(c, 1.94, HzO); DL-tropic acid,2 m.p. 118-119'; D-(-)-tropic acid, 
m.p. 123-124", [a129 -75" (c, 1.60, HzO); and L-(+)-tropic acid, 
m.p. 126-127", [a12 + 77.4" (c, 1.94, HzO), were obtained by the 
resolution of DL-tropic acid by the method of King (18); DL-phenyl- 
lactic acid, m.p. 96-97"; L-(-)-phenyllactic acid, m.p. 122-123", 
[a129 -20.0" (c, 1.89, HzO); and D-(+)-phenyllactic acid, m.p. 
121-122", [& + 21.2" (c, 2.05, HtO), were synthesized by the 
method of Eiduson et al. (19) from the corresponding isomers of 
phenylalanine. D-( -)-Benzyllactic acid, m.p. 113-115", [a]: 
- 10.0" (c, 1.50, ethanol), and the sodium salt of D-( -)-4-hydroxy- 
4-phenylbutanoic acid, [a]: - 12.9" (c, 1.55, HzO), were obtained 
on resolving (20,21) the corresponding racemic acids synthesized by 
the known procedures (22). 


Apparatus-The compounds appearing in the urine of rats were 
quantitatively analyzed with the aid of an F & M model 810R-19 
gas chromatograph equipped with a hydrogen-flame detector. The 
column employed was a 1.21-111. (4-ft.) long and 0.63-cm. (0.25-in.) 
0.d. copper tube packed with 80-100 mesh diatomite (Diatoport 
S) coated with 5 ethylene glycol succinate. Helium was employed 
as the carrier gas. A Beckman model 72 pH meter equipped with a 
combination electrode was used for the pH determinations. The 
specific rotation of the optically active compounds were determined 
at 25" with the aid of a J & J Fric model 2706 polarimeter using a 
sodium lamp as the source of light. The optical rotatory dispersion 
(ORD) curves of the compounds were obtained with the aid of a Cary 
model 60 recording spectropolarimeter. 


Methodology-During the course of these studies, about 30 
Sprague-Dawley male rats weighing between 165 and 210 g. were 
repeatedly used. None of the rats was used more than five times in 
these studies, and the rest period allowed between the successive 
use of a rat was at least 1 week. Food was withheld from the 
animals for 12-18 hr. prior to the administration of the com- 
pounds and during urine collection; water was allowed ad libitum 
throughout this period. To induce prompt urination, 5 ml. of 
water was administered intraperitoneally to each rat 15-20 min. 
prior to the intravenous administration of the compounds. 


The compounds were administered in the dosage range of 150-700 
pmole/kg. (5-20 mg./rat) by the intravenous route uiu the tail vein. 
The compounds were administered as aqueous isotonic solutions of 
their sodium salts, prepared by the addition of an equivalent amount 
of sodium hydroxide to an aqueous solution of the acid. In 
inhibitory urinary excretionstudies involvingequivalent doses of each 
compound, an isotonic solution was prepared containing the appro- 
priate dose of the sodium salt of each of the compounds and admin- 
istered by the i.v. route to the rats. However, in the inhibitory studies 
involving a larger dose of the inhibitor, the i.p. administration of 
1.Cb1.7 X 1 0 4  pmole/kg. (300-500 mg./rat) dose of inhibitor was 
found necessary. A solution containing an appropriate dose of the 
sodium salt of the inhibitor dissolved in 5 ml. of water was prepared 
and administered by the i.p. route 15-20 min. prior to the i.v. admin- 
istration of the substrate compound. 


Each rat was placed into a urine-collection cage immediately after 
the administration of the substrate compound. The urine-collection 
cage consisted of a 20.32-cm. (8-in.) plastic funnel, twochrome-plated 
wire baskets, and a 50-ml. graduated cylinder as shown in Fig. 1. A 
fine wire-mesh screen was fitted at the inner opening of the funnel to 
prevent rat feces from contaminating the urine. However, the rats 
rarely defecated during the first 3 hr. of urine collection, during 
which time most of the compound was recovered. Also, it was 
demonstrated in the preliminary studies that the excretion of the 
compounds in the feces was negligible. An animal drinking tube was 
forced through the wire basket to allow the animal water during the 
study. 


2 Aldrich Chemical Co., Milwaukee, Wis. 


Table I-Conditions Employed for Gas Chromatographic 
Analysis and Retention Times Observed for the Compounds 


He Retention 
Oven Flow Rate, Time, 


Compound Temp." ml./min. min. 


Methyl mandelate 165" 60 5.8 
Methyl tropate 180" 40 8.2 


Phenyl butyrolactone 175 O 60 17.0 


Methyl phenyllactate 180" 40 5.4 
Methyl benzyllactate 180" 40 7 . 4  


Q The injection port and detector temperatures were maintained at 
210 . 


After the administration of the compound, the rat was observed 
for 2 hr. in which four to seven urine samples were carefully collected 
at intervals of 10-30 min. After each passage of urine, the genitalia 
of the rat were washed with a stream of water from a wash bottle, 
and the rat was transferred to another urine-collection cage. The 
cage was thoroughly washed with water, and the urine and washings 
were brought up to a suitable volume with water. The subsequent 
urine samples collected over a period of 2-24 hr. were pooled into 
one sample prior to analysis. The urine samples were analyzed on 
the same day of collection for the compounds. 


Analysis of the Compounds-The urine samples were quanti- 
tatively analyzed for intact compounds appearing in the urine 
by a gas chromatographic method described by Kamienny et ul. (15) 
after converting the acids to their methyl esters upon treating with 
diazomethane. This procedure was employed for the analysis of all 
the compounds except 4-hydroxy-4-phenylbutanoic acid, which 
was converted to the corresponding lactone by the addition of 
enough 5 N hydrochloric acid solution to adjust the pH of the urine 
sample to approximately 2 prior to its ether extraction and gas 
chromatographic analysis. This was necessary because 4-hydroxy-4- 
phenylbutanoic acid readily forms a lactone in the strongly acidic 
medium, and the lactone thus formed can be quantitatively analyzed 
by gas chromatography. The lactone is readily reconverted to the 4- 
hydroxy-4-phenylbutanoate ion at pH 6 and above, which usually is 
the pH range of rat urine. The conditions employed for the gas 
chromatographic analysis and the retention times observed for the 
methyl esters of the compounds are described in Table I. 


Dissociation Constants, Apparent Partition Coefficients, and 
Binding of Compounds to Whole Blood (Rat)-The dissociation 
constants of the compounds were determined using a titrimetric 
procedure. A 20-mg. quantity of each acid dissolved in 10 ml. of 


Figure.l-Vrine collection cage employed in the studies. 
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Table n-Values of pKa and Partition Coefficient Determined 
for the Compounds 


Apparent Partition 
Coefficient 


Colrloroform Cether 


Compound" pKa (Observed) G a t e r  G a t e r  


_ _ _ _ ~  


D-( -)-Mandelic acid 3.35 (3.36)* c d 
DL-Tropic acid 4 . 2 0  (4.12)* d 
DL-Phenyllactic acid 3 .80  c d 
D-( - )-Benzyllactic 


D-( - )-4-Hydroxy-4- 
acid 3.85 <0.01 <0.01 


phenylbutanoic acid 4 . 7 0  0 . 3 2  0 .35  


@The assignment of the absolute configuration of the compounds 
was based on their optical rotatory dispersion curves as explained in 
the text. * Values reported in  the literature. c The compound was absent 
in the chloroform layer. d The compound was absent in the ether layer. 


water was titrated with 0.01 N sodium hydroxide solution; thc pKa, 
which is equivalent to the pH at one-half neutralization, was deter- 
mined. 


An apparent partition coefficient was determined between a phos- 
phate buffer at pH 7.0 and ether or chloroform representing the 
lipid phase. In each case, 5 mg. of the acid was dissolved in 10 ml. of 
the buffer and shaken with an equal volume of either chloroform or 
ether. Each phase was analyzed for acid content by the gas chroma- 
tographic procedure. 


The studies to determine the binding of D-(-)-mandelic acid and 
each of its homologs by whole blood (rat) were carried out by the 
equilibrium dialysis procedure. Whole blood (rat) was obtained by 
decapitation, collecting the blood in a 150-ml. beaker previously 
coated with 2 ml. of heparin sodium.3 Four milliliters of freshly 
collected whole blood was placed into a Visking dialysis bag, sealed, 
and placed into a 4-5-dr. ( 1  5-20 mi.) bottle with a screw cap. Then, 
4.0 ml. of an isotonic phosphate buffered (pH 7.4) solution, contain- 
ing 1.0 mg. of D-(-)-mandelic acid or its homolog, was placed into 
the bottle; the bottle was sealed and shaken at 37 f 0.5" for 6 hr. dur- 
ing which the equilibrium for the system was attained. The bottles 
were removed from the shaker and immediately the liquid outside of 
the bag was transferred to a 10-ml. beaker and allowed to attain room 
temperature. These solutions were then analyzed for mandelic acid 
or its homolog by the gas chromatographic method. Control studies 
were carried out in which 4 ml. of the phosphate buffer solution was 
used in place of 4 ml. of blood. Neither D-( -)-mandelic acid nor any 
of its homologs used in the present study was found to bind to the 
dialysis membrane. 


RESULTS AND DISCUSSION 


Selection of a Model Compound and Its Homologs-Recent 
studies dealing with the transport of ionic and polar substances 
through biological membranes have pointed to the existence of a 
carrier system in the membrane which facilitates such transport. 
According to current theory, there exists in the membrane separate 
carrier systems responsible for the transport of organic anions and 
cations through the renal tubular membrane (2, 11, 16, 23, 24). Evi- 
dence for the presence of a common carrier system for the active 
transport of organic anions has been reported (1, 11). Although the 
carrier system has not yet been isolated, its constituents are sug- 
gested to be protein and/or phospholipid in nature. It is also pro- 
posed that while the primary linkage between the carrier and sub- 
strate compound to be transported occurs through ionic bonds, the 
secondary linkages result from hydrophobic bonding between the 
nonpolar portions of the carrier and substrate molecules or from 
hydrogen bonding between the appropriate portions of the substrate 
and carrier molecules (1-3). Such secondary bonding forces are 
expected to become important in relating the affinity of the mole- 
cules to the carrier. Therefore, it is considered of interest to deter- 
mine the initial rate of secretion of compounds which vary slightly 
in their content of methylene groups around their anionic sites and 
to relate the differences in their initial secretion rates to the differ- 
ences in their hydrophobicity in the molecule. 


3Heparin sodium USP, 1000 units/ml., Testagar and Co., Inc., 
Detroit, Mich. 


The selection of a model compound and its homologs was based 
on several important properties considered desirable for this study. 
Among these properties, the most important was that the com- 
pounds should be involved in the renal tubular secretory process 
and be recovered primarily in the urine in the intact form, since this 
will preclude the possible inhibitory effect of the metabolites on the 
secretion of the parent compound. The compounds should possess 
sufficiently low pKa values, so that they will remain in the urine 
mainly in the ionized form and their passive reabsorption from the 
renal distal tubule will be minimized. The partition coefficient of the 
compounds between a lipid phase and water (pH 6-8) should also be 
as low as possible to prevent their tubular reabsorption. The com- 
pounds should exhibit little or no tendency to bind to plasma pro- 
teins, since the urinary excretion rate depends on the concentration 
of the free form of the compound in the blood. 


The literature survey indicated that D-( -)-mandelic acid (14, 15) 
is not metabolized significantly by humans and that DL-tropic acid 
(25) is not metabolized by rats. Therefore, appropriate preliminary 
studies carried out in rats indicated that D-( -)-mandelic acid and its 
homologs (listed in Table 11) possess most of the properties de- 
scribed. The recovery of each compound in the unchanged form in 
the rat urine was found to be 90-100% of the administered i.v. dose. 
These compounds differ from mandelic acid by the addition of 
methylene groups in specified positions, in some cases (phenyllactic 
acid and benzyllactic acid) maintaining the hydroxyl group adjacent 
to the carboxyl groups as in the mandelic acid molecule, and in 
others (tropic acid and 4-hydroxy-4-phenylbutanoic acid) separating 
these groups by the additional methylene groups. 


The overall metabolism studies of 3-hydroxy-3-phenylpropanoic, 
5-hydroxy-5-phenylpentanoic, 6-hydroxy-6-phenylhexanoic, and 2- 
hydroxy-5-phenylpentanoic acids, carried out in this laboratory, 
indicated that these compounds are metabolized by rats to the 
extent of 3CLlOOZ of the administered dose. Therefore, these com- 
pounds were considered unsuitable for the proposed studies. 


Determination of the Dissociation Constants, Apparent Partition 
Coefficients of the Compounds, and Their Binding to Whole 
Blood (Rat)-Values of pKa determined for the compounds used in 
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Figure 2-Apparent first-order urinary excretion of D-( -)-mandelic 
acid following its i.u. adminisfration of 367-pmolelkg. dose in the 
absence (0) and 346-pmolelkg. dose in the presence (0) of a 1.2 X 
l o 4  ptnolelkg. dose of DL-tropic acidto rats. 
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nary excretion of oL-tropic acid has also been shown to follow 
pseudo-first-order kinetics in rats (25) .  Although the urinary 
excretion of D-( -)-mandelic acid (14, 15) and L-(+)-mandelic acid 
(14) has been shown to occur by a pseudo-first-order process in 
humans, such studies have not been reported in rats for D-( -)- 
mandelic acid; D-( -))-4-hydroxy-4-phenylbutanoic acid; D-, L- or 
DL-phenyllactic acid; and D-( -)-benzyllactic acid. Therefore, it 
was necessary to determine if the excretion of D-( -)-mandelic 
acid and its homologs employed in the present studies follows 
pseudo-first-order kinetics. After establishing the proper proce- 
dures for rat urine collection and quantitative determination of 
these compounds excreted in the urine, the kinetics of urinary 
excretion of each compound were studied in rats. Preliminary data 
obtained in these studies indicated that the urinary excretion of 
these compounds occurred by a pseudo-first-order process. 


Since the compounds used in the kinetic studies were those 
excreted unchanged in the urine of rats, the elimination of the com- 
pounds can be described by the following model: 


k 
A __t Ae 


where A is the amount of intact compound in the body at any time, 
Ae is the amount of intact compound excreted in the urine at any 
time, and k is the apparent first-order rate constant of excretion of 
the compound. The urinary excretion data obtained for the com- 
pound can then be treated according to the following equation (15): 
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Figure 3-Apparent first-order urinary excretion of DL-tTOpiC acid 
following its i.u. administration of IlO-pmole/kg. dose in the 
absence (0) and 344-pmolelkg. dose in the presence@) of a 1.3 X l o4  
pmole/kg. i.p. dose of D-( -)-mairdefic acid to rats. 


theyresent studies are listed in Table 11. These values are found to 
be in the range of 3.3 to 4.7. Since this range of pKa values is 
appreciably lower than the range of pH values (6.5-7.5) of the 
urine of the control rats used in all of the studies, it suggests that 
these compounds exist in the urine primarily in the ionized form 
and, therefore, are not likely to be significantly reabsorbed from the 
urine at the distal renal tubules. It is also evident from the results of 
the partition studies (Table 11) that, except for the slight solubility 
of 4-hydroxy-4-phenylbutanoic acid, none of the compounds used 
in these studies is soluble in the lipidlike phase. Therefore, it may 
be assumed that none of these compounds is subject to significant 
renal tubular reabsorption from the urine at pH 6.5-7.5. 


The results of the binding studies indicated that D-( -)-mandelic 
acid or any of its homologs used in the present studies is negligibly 
bound by the whole blood. This was deduced from the fact 
that, at equilibrium, the concentration of D-(-)-mandelic acid or 
its homolog in the solution outside of the dialysis bag containing 
the blood was the same as in the solution outside the dialysis bag 
of the control dialysis setup. The concentration of 1 mg. of 
D-(-)-mandelic acid or its homolog per dialysis setup used in the 
binding studies was based on the expected concentration of the 
acid in the volume of distribution of a rat weighing 200 g., following 
the intravenous administration of a 10-mg. dose of the acid. As 
suggested for humans (26), about 20% of the body weight was 
assumed to be the volume of distribution for rats. It was further 
assumed that the concentration of the compound in the blood and 
in the other possible volumes of distribution in rats is the same. 
The binding of D-( -)-mandelic acid by rat plasma in this concen- 
tration range has been studied and shown to be negligible (27). 


Determination of the Biological Half-Life of the Compounds- 
It has been shown that, in humans, the metabolism and excretion 
of most drugs follow an apparent first-order process (28). Bray el 
a!. (29) have demonstrated that the metabolism of benzaldehyde 
and toluene to benzoic acid and the urinary excretion of benzoic 
acid proceed by a pseudo-first-order process in rabbits. The uri- 


kt  
2.303 


A Ae log - = log kAo - __ At 


where AAelAt is the rate of excretion of the compound at time t ,  
and A. is the amount of the compound at  zero time. 


The log AAelAt is plotted against t; from the slope of the straight 
line, obtained by the method of least squares, the biological half- 
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Figure 4-ApparentJht-order urinary excretion of D-( -)-Chydroxy- 
4-phenylbufanoic acid following its i.u. administration of 277-pmolel 
kg. dose in the absence (0) and 277-pmolelkg. dose in the presence 
(0) of a 1.3 X l o4  pmolelkg. i g .  dose of D-(-)-mandelic acid to rats. 
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Figure 5-Apparent first-order urinary excretion of DL-phenyl- 
lactic acid following its i.u. administration of 486-pnolelkg. dose in 
the absence (0) and 365-pmolelkg. dose in the presence (0) of a 
I .3 X 10' pmoleikg. i.p. dose of D-( - )-rnande[ic acid to rats. 


life of the compound is calculated. The time, t ,  in such plots 
represents the midpoints of the urinary collection intervals. 


One factor that should be considered in evaluating the excretion 
rate and biological half-life of compounds is the dose administered 
to the subject. This is important because the biological half-life 
of compounds involved in tubular secretion is expected to be 
longer at the dosage level that saturates the secretory process than 
at the dosage level that does not saturate this process. Therefore, 
for the determination of the biological half-life of a compound 
excreted by an apparent first-order process, its excretion should be 
studied following the administration of a dose that does not 
saturate the tubular secretory process. Consequently, the kinetics 
of urinary excretion of D-( -)-mandelic acid, DL-tropic acid and 
its optical isomers, D-( -)-4-hydroxy-4-phenylbutanoic acid, DL- 
phenyllactic acid and its optical isomers, and D-( -)-benzyllactic 
acid were studied following the intravenous administration of 
15(t700 pmole/kg. of each compound. The plots of log AAelAt 
uersus f for these studies were constructed, and from each straight- 
line plot the biological half-life of the corresponding compound was 
determined (Table HI). The representative plots of log AAelAt 
uersus t obtained for each of these compounds are shown in Figs. 
2 4 .  


It may be noted from Table I11 that the values of the biological 
half-life for DL-tropic acid and each of its optical isomers are 
similar to each other. Likewise, the values of the biological half- 
life obtained for DL-phenyllactic acid and each of its optical isomers 
are similar to each other. This indicated that the renal tubular 
transport of these compounds by the carrier mechanism is not 
stereospecific. Therefore, DL-tropic acid and DL-phenyllactic acid, 


instead of their individual optical isomers, were employed in the 
subsequent studies. The assignment of the absolute configuration 
of the compounds used in the study was based on their plain optical 
rotatory dispersion (ORD) curves as follows. Since the absolute 
configuration of (-)-mandelic acid is shown to be D-( -)-mandelic 
acid (30), the ORD curves for the homologs of mandelic acid were 
obtained over the wavelength range of 600-220 A, and each curve 
was compared with that for D-(-)-mandelic acid. It was observed 
that, except for (-)-phenyllactic acid, the sign and shape of the 
ORD curves of the levorotatory homologs of mandelic acid were 
similar to that of D-( -)-mandelic acid. Thus, L-configuration was 
assigned to (-)-phenyllactic acid and D-configurations to the other 
levorotatory homologs of mandelic acid. This approach is in 
accordance with that described by Djerassi (31). 


Among the compounds studied, the average biological half-life 
of D-(-)-mandelic acid is the longest (30 rnin.) and that of D-(-)-4- 
hydroxy-4-phenylbutanoic acid is the shortest (16 min.). The 
average half-life values for DL-phenyllactic acid and D-( -)-benzyl- 
lactic acid are not found to be significantly different from each 
other (20-21 rnin.). The average half-life for DL-tropic acid was 
found to be 23 min. (Table 111). It is evident that the biological 
half-lives of the homologs of mandelic acid errployed in these 
studies are significantly shorter than that of D-( - )-mandelic acid. 
Since the pKa values and the lipid solubility at the physiological pH 
determined for D-( -)-mandelic acid and its homologs are not sig- 
nificantly different, the differences observed in the values of their 
biological half-lives may be attributed to the increased hydrophobic 
interaction between the methylene group(s) of the mandelic acid 
homolog and a certain hydrophobic portion of the carrier for renal 
tubular secretion. Such hydrophobic interaction is likely to result 
in the increased affinity of the homolog for the carrier. In view 
of the fact that the initial excretion rate is composed of two terms, 
the initial glomerular filtration rate and the initial secretion rate, 
this interpretation of the biological half-life data would be acceptable 
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Figure 6-Apparenf first-order urinary excretion of D-( -)-benzyl- 
lactic acid foIIowing its in. administration of 346-pmolelkg. dose 
in the absence (0) and 298-pmolelkg. dose in the presence (0) of a 
1.3 X l o 4  pmoklkg. dose of D-(-)-mundelic acid to ruts. 
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Table 111-Summary of the Biological Half-Lives Observed in Rats for D-(-)-Mandelic Acid and 
Its Homologs" in the Absence and Presence of Inhibitor 


Biological Half-Life, min. 


Compound (Substrate) 


R = O  


----Inhibitor Present-- 
10-15 X loJ  


Inhibitor guivalentc pmole/kg. 
Absent* 1.v. Dose i.p. Dose lnhi bitor 


D-( -)-Mandelic acid R-CH(0H)-COOH 30 f 4d 30 k 4dse 46 f 8 DL-Tropic 
acid 


DL-Tropic acid CHdOH) 
D-( -)-Tropic acid I 
L-( +)-Tropic acid R-CH-COOH 


23 f 4 
24 (2)f 
25 (4) 


28 f 5 50 f 10 D-( -)-Mandelic 
acid 


DL-Phenyllactic acid R-CHZ-CH(0H)-COOH 20 f 3 26 f 4 42 =I= 5 D-( - )-Mandelic 
L-( -)-Phenyllactic acid 21 (2) acid 


D-( -)-Benzyllactic acid R--(CH)z-CH(OH)-COOH 21 f 3 18 zt 2 36 =I= 4 D-( - )-Mandelic 


D-( - )-Hydroxy-Cphenyl- R-CH(OH)-(CH&,-COOH 16 f 2 22 f 5 26 f 5 D-( - )-Mandelic 


D-( +)-Phenyllactic acid 20 (2) 


acid 


hutanoic acid acid 


(1 1.v. dosage range 150-700 pmoleikg. * The biological half-lives of the homologs of IJ-(- )-maridelk acid are significantly (p<O.Ol) shorter than that of 
~-(-)-mandelic acid. The biological half-life of D-(- )-4-hydroxy-4-phenylbutanoic acid is significantly shorter than that of oL-tropic acid ( p  < 0.01), 
DL-phenyllactic acid, and D-(- )-benzyllactic acid ( p  < 0.05). The biological half-lives of DL-phenyllactic acid and D-(-)-benzyllactic acid are not 
significantly shorter than that of oL-tropic acid. c The dose of inhibitor equivalent to the i.v. dose of the substrate compound. d Standard deviation 
was determined from six to eight rat studies. e The biological half-life of D-(-)-mandelic acid varied from 30 i 3 to 33 f 3 min. in the presence of 
equivalent i.v. doses of the other homologs of D-(-)-mandelic acid as  inhibitors. f The values of average biological half-life of the individual optical 
isomers of tropic acid and phenyllactic acid based on the number of studies indicated in parentheses. 


if the initial glomerular filtration rates of D-( -)-mandelic acid and 
its homologs are shown to he similar at the equimolar dosage levels. 
The data in support of this interpretation are presented in the 
subsequent discussion as well as in the next paper of this series (17). 


Determination of the Apparent Initial Rate of Excretion-As in 
the case of biological half-life, a comparison was considered desir- 
able between the apparent initial urinary excretion rates observed 
for compounds employed in the studies in terms of pmo1elkg.l 
min. However, it was realized that, since it is difficult to obtain 
urine from rats at such short intervals as 1 min. following the intra- 
venous administration of the compound, the determination of the 
apparent excretion rate of substrate in terms of pmole/kg./min. was 
not feasible. Therefore, it was decided to determine the apparent 
initial urinary excretion rate in the above terms from an extrapola- 
tion of the straight-line plot of log AAe/At versus time to zero time. 
Actually the initial urinary excretion rate should be obtained by 
an extrapolation of the straight line to the time of 0.5 min., because 
this would represent the midpoint of the urine collection interval. 
But this value of the excretion rate was very close to that obtained 
by an extrapolation to zero time, and the value ofthe intercept deter- 
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Figure 7-Urinary excretion of D-( - )-mande/ic acid observed for- 
lowing its i p .  administration of 1.0 X l o4  pmolelkg. dose to rats, 
indicating that rhe maximum absorpfion of the compound occurred 
in 20 min. 


mined upon extrapolation of the straight-line plot to zero time was 
designated as the apparent initial urinary excretion rate. The 
apparent initial excretion rates determined in this manner for these 
compounds are listed in Table 1V. It is noted that, in this dosage 
range, the apparent initial excretion rate of D-( -)-mandelic acid 
is considerably lower than the apparent initial excretion rate of any 
of its homologs used in this study. However, the differences in the 
apparent initial excretion rates of the homologs of D-( -)-mandelic 
acid are not readily seen in this dosage range (30WOO pmole/kg.) 
of the compounds. 


Mutual Inhibitory Urinary Excretion Studies-To determine if 
the compounds under study are secreted by the same renal tubular 
transport mechanism, mutual inhibitory urinary excretion studies 
were carried out for DL-tropic acid, D-( -)-4-hydroxy-4-phenyl- 
butanoic acid, DL-phenyllactic acid, and D-( -)-benzyllactic acid in 
the presence of D-( -)-mandelic acid. An isotonic solution con- 
taining a dose of 33CL-500 pmole/kg. of an appropriate homolog of 
mandelic acid and an equivalent amount of D-( -)-mandelic acid 
was administered intravenously to the rat; from the apparent 
first-order urinary excretion data obtained in each study, the 
biological half-lives of each homolog of mandelic acid and that of 
D-( -)-mandelic acid were determined (Table 111). It is observed 


Table IV-comparison of Apparent Initial Urinary Excretion 
Rates Obtained in Rats for D-( -)-Mandelic Acid and Its 
Homologs" in the Absence and Presence of Inhibitor 


Initial Excretion Rate, pmole/kg./min. 


Inhibitor 
Compound (Substrate) Absent 


D-( -)-Mandelic acid 5.0-8.5 


D-( -)-Benzyllactic acid 8.7-15.2 
D-( -)-4-Hydroxy-4- 


phenylbutanoic acid 10.6-1 I .  9 


DL-Tropic acid 11.8-16.4 
DL-Phenyllactic acid 9.2-1 3.5 


Inhibitor Inhibitor 
Presentb Presentb 


(i.v. (i.p. 
Equivalentc 10-15 
Dose per X lo3 


Rat) pmole/kg.) 


6.1-7.9 3 8-5.8 
6.9-9.0 3.5-4.3 
7.3-10.7 4.7-5.6 


11.9-14.3 3.5-4.5 


6.6-11.4 3.9-5.5 


0 I.v. dosage range of 30&400 pmo1elkg.b DL-Tropic acid was employed 
as  the inhibitor for ~-(-)-mandelic acid, and ~-(-)-mandelic acid was 
employed as the inhibitor for the remainder of the compounds. c Dose 
equivalent to that of the i.v. dose of the substrate compound. 
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from these data that, while the biological half-life of D-( -)-mandelic 
acid remained unchanged in the presence of each of its homologs, 
the biological half-life of each homolog, with the exception of 
D-( -)-benzyllactic acid, increased slightly in the presence of D-( -)- 
mandelic acid. Consequently, it was expected that there should 


group of the mandelic acid molecule increases its affinity for the 
carrier molecules of the renal transport system in rats. 
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Studies were carried out in rats to gain some insight into the 
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From the apparent first-order urinary excretion studies of these 
compounds, it was found that the biological half-life of each 
homolog is significantly shorter than that of D-( -)-mandelic acid 
in rats. 


These compounds are shown to exert a mutual inhibitory effect 
on their renal tubular secretion in rats, indicating that they share 
the same carrier mechanism for their secretion. 


The utilization of these compounds has demonstrated that the 
addition of methylene group(s) in the vicinity of the carboxyl 
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Kinetics of Urinary Excretion of D-( - )-Mandelic 
Acid and Its Homologs 11: Competitive Inhibitory 
Effect of D-( -)-Mandelic Acid and DL-Tropic Acid 
on Their Renal Tubular Secretion in Rats 


EDWARD J. RANDINITIS”, MARTIN BARR, and JANARDAN B. NAGWEKARt 


Abstract 0 From the pseudo-first-order urinary excretion studies 
of D-( -)-mandelic acid and DL-tropic acid in rats, data regarding 
the apparent initial secretion rate versus dose (i.v.) are obtained 
for these compounds and treated according to the Michaelis- 
Menten kinetics. While the values of maximum apparent initial 
secretion rate (Vnt)  determined for these compounds are similar, 
the value of the dose of the substrate required to produce one-half 
of the maximum apparent initial secretion rate (Km) determined 
for D-( -)-mandelic acid is found to be about twice that determined 
for DL-tropic acid. Data have been obtained to demonstrate that 
these compounds competitively inhibit the renal tubular secretion 
of each other, thereby strongly indicating that these compounds 
share a common carrier transport system for their secretion. Data 
obtained in the present studies and those described earlier are uti- 
lized to distinguish a certain structural characteristic around the 
cationic site of the “carrier” molecules of the renal tubular secretion 
system in rats. 


Keyphrases 0 D-( -)-Mandelic acid, homologs-urinary excretion 
0 DL-Tropic acid, D-( -)-mandelic acid-competitive inhibition, 
urinary excretion Structure-excretion rate relationship-D-( -)- 
mandelic, DL-tropic acids 0 Transport system-D-( -)-mandelic 
acid, DL-tropic acid excretion 


The authors (1) have shown that the biological half- 
lives of DL-tropic acid, DL-phenyllactic acid, D-( -)- 
benzyllactic acid, and D-( -))-4-hydroxy-4-phenyIbu- 
tanoic acid, which are homologs of mandelic acid, in- 
creased in the presence of D-(-)-mandelic acid in rats. 
The corresponding decrease in the apparent initial 
urinary excretion rates of these homologs was also 
shown to occur in rats in the presence of D-(-)-man- 
delic acid. The influence of DL-tropic acid on the urinary 
excretion rate of D-( -)-mandelic acid was also studied. 
It was demonstrated that the biological half-life of 
D-( -)-mandelic acid increased and its initial excretion 
rate decreased in the presence of DL-tropic acid. I t  was, 
therefore, suggested that D-( -)-mandelic acid and its 
previously mentioned homologs share the same trans- 
port mechanism for their renal tubular secretion in rats. 
Since these compounds, which are not significantly 
metabolized nor bound to the plasma proteins and are 
excreted entirely in the urine, were found to have dif- 
ferent biological half-lives and, at  a specific dose, 
different initial excretion rates, it was further suggested 
that the common carrier system for renal tubular secre- 
tion in rats shows different affinity for these compounds. 


Because it is well known that the urinary excretion of 
most compounds results from a combination of glomer- 
ular filtration and tubular secretion, it is conceivable 
that the compounds used in these studies probably have 
the same maximum initial secretion rate and initial 
glomerular filtration rate, if the assumption is correct 
that these compounds are secreted by the renal tubules of 


rats by the same carrier mechanism. Therefore, the 
purposes of the work presented here were to determine 
the apparent initial glomerular filtration rates and the 
apparent initial secretion rates of DL-tropic acid and 
D-(-)-mandelic acid in rats and to analyze the secretion 
rate data according to Michaelis-Menten kinetics. The 
additional purpose of the work was to determine if the 
mutual inhibition caused by these compounds in their 
renal secretion in rats is competitive or noncompetitive 
in nature. Since both D-(-)-tropic acid and L-(+)- 
tropic acid are completely recovered unchanged in the 
urine of rats and, furthermore, since the biological half- 
lives of these isomers are found to be similar to each 
other (l), DL-tropic acid was not resolved into its optical 
isomers but was used in the raceniic form. 


EXPERIMENTAL 


Materiak-D-( -)-Mandelic acid,’ m.p. 132-133”, [a]’,” - 154.2” 
(c, 1.94, HaO); and DL-tropic acid,’ m.p. 118-1 19”. 


Apparatus-The quantitative analysis of mandelic acid and tropic 
acid appearing in the urine was carried out using an F & M model 
8 IOR-19 gas chromatograph by the method described previously 
(1). A Beckman model 72 pH meter equipped with a combination 
electrode was used for rat urine pH determinations. The specific 
rotation of the optically active compound was determined with 
the aid of J & J Fric model 2706 polarimeter using a sodium lamp 
as the source of light. 


Methodology-The procedure employed for the preparation 
of the rats and urine collection following the i.v. administration 
of the compounds was the same as described previously (1). During 
the course of these studies, approximately 35 Sprague-Dawley male 
rats weighing between 165 and 215 g. were repeatedly used. None 
of the rats was used more than five times in these studies; the rest 
period allowed between the successive use of a rat was at least a 
week. 


To determine the apparent glomerular filtration rate of D-( -)- 
mandelic acid at dosage levels of 165-330 pmoleikg. (5-10 mg./rat), 
the appropriate amount of the sodium salt of D-( -)-mandelic acid 
contained in 0.5 ml. was injected by the i.v. route 15-20 min. after 
i.p. administration of 15-120 X 102 pmole/kg. (50-400 mg./rat) of 
DL-tropic acid as the sodium salt contained in 5 ml. of water at a 
pH of 7.0. A similar procedure was followed to determine the ap- 
parent glomerular filtration rate of DL-tropic acid at the dosage 
levels of 150-300 fimole/kg. in the presence of 16-130 X lo2 
pmole/kg. of i.p. administered D-( -)-mandelic acid per rat. 
In the studies designed to determine the maximum initial secretion 


rate (Vm) of D-( -)-mandelic acid and its dose required to produce 
one-half of the maximum initial secretion rate (Km),  the doses of the 
sodium salt of D-(-)-mandelic acid in the range of 1.8-21.9 X 10’ 
pmole/kg. were dissolved in water (0.5-1.5 ml.) and administered to 
the rat by the intravenous route. Similar studies were also carried out 
for oL-tropic acid using the doses of its sodium salt in the range of 
1.7-20.0 X lo2 pmole/kg. 


To determine the nature of inhibition of renal tubular secretion of 
D-( -)-mandelic acid by DL-tropic acid, the initial secretion rates of 


1 Aldrich Chemical Co., Milwaukee, WI 53210 
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Figure 1-Determination of the approximate i.p. dose of D-( -)- 
mandelic acid required to obtain a limiting initial excretion rate of 
DL-tropic acid following the administration to rats of its i.0. dose 
of 17&180 pmolelkg., 0; and340-350 pmolelkg., 0. 


D-(-)-mandelic acid in the i.v. dosage range of 1.6-8.6 X lo2 
pmole/kg. were determined in the presence of an i.v. dose of 21-26 
X lo2 pmole/kg. (80 mg./rat) DL-tropic acid. Similarly, initial secre- 
tion rates for DL-tropic acid in the i.v. dosage range of 4.5-27.4 X 
102 prnole/kg. were determined in the presence of i.v. doses of 6.0- 
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Figure 2-Determination of the approximate i.p. dose of DL-tropic 
acid required to obtain a limiting initial excretion rate of o-(-)- 
mandelic acid following the administration to rats of its i.u. dose of  
17&180 pmolelkg., 0; and340-350 pmolelkg., 0. 
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7.2 X lo2 pmole/kg. (20 mg./rat), 12-14 X loa pmole/kg. (40 mg./ 
rat),and 24-28 X lo2 pmolelkg. (80 mg./rat) of D-( -)-mandelic acid. 
In these studies, m-tropic acid and D-( -)-mandelic acid were admin- 
istered by the i.v. route as their sodium salts, and both the substrate 
and inhibitor compounds were contained in the same i.v. solution. 


RESULTS AND DISCUSSION 


Determination of the Initial Glomerular Filtration Rate of the 
Compounds-As mentioned previously, the urinary excretion of 
most compounds results from a combination of glomerular filtra- 
tion and renal tubular secretion. Since renal tubular secretion is a 
saturable process, the reduction can be caused in the excretion rate 
of a substrate in the presence of an inhibitor that competes for the 
secretory process. Therefore, it should be possible to inhibit com- 
pletely the renal tubular secretion of a substrate compound in rats 
by a simultaneous administration of a large excess of a suitable 
inhibitor compound. In this event, the initial rate of excretion of 
the substrate would represent its initial rate of glomerular filtration. 
It is thus possible to determine the initial rate of glomerular filtra- 
tion and the initial rate of secretion of a compound at a particular 
dosage level. Consequently, the initial excretion rates of D-( -)- 
mandelic acid following i.v. doses of 165-330 pmole/kg. were deter- 
mined in the presence of increasingly higher doses of DL-tropic acid. 
The dose of DL-tropic acid, in the range of 12-150 X loa pmole/kg., 
was administered i.p. about 20 min. prior to the i.v. administration 
of D-( -)-mandelic acid. In a similar manner, the initial excretion 
rates of DL-tropic acid following its i.v. doses of 15G300 pmole/kg. 
were determined in the presence of increasingly higher doses of 
D-( -)-mandelic acid. The dose of D-( -)-mandelic acid, in the 
range of 16-130 X lo2 pmole/kg., was administered i.p. about 20 
min. prior to the i.v. administration of DL-frOpiC acid. 


It may be estimated from the uninary excretion data obtained 
following i.p. administration of 1 x l o 4  pmo'e/kg. of O-(-)- 
mandelic acid (Fig. 7, Reference I )  that, at the 1.65 X lo4 Fmole/kg. 
dosage level of D-( -)-mandelic acid, the amount of mandelic acid 
present in the volume of distribution of the rat is approximately 30 
times greater than that at the 300 pmolelkg. dosage level of DL-tropic 
acid and approximately 60 times greater than that at the 150 pmole/ 
kg. dosage level of the acid. At similar large i.p. doses of DL-tropic 
acid used as the inhibitor of D-( -)-mandelic acid administered at the 
dosage levels of 165-330 pmolelkg., the amount of DL-tropic acid 
present in the volume of distribution of the rat would be expected to 
be in the range described for D-( -)-mandelic acid as the inhibitor. 
As described previously (l), the apparent initial urinary excretion 
ratesof thecompounds weredetermined by extrapolating the pseudo- 
first-order plots to zero time. The apparent initial excretion rates 
obtained from these studies were then plotted against the i.p. dose 
of the inhibitor as shown in Figs. 1 and 2. It is noted from these 
plots that an apparently limiting initial excretion rate for each sub- 
strate compound is obtained in rats in the presence of 0.9-1.0 X 
10' pmolelkg. i.p. dose of inhibitor. Since a further decrease in the 
initial excretion rate was not observed even at higher inhibitor 
dosage levels, it was evident that at this i.p. dose of inhibitor an 
apparent saturation of tubular secretion process occurred and the 
initial excretion rate observed for the substrate was due to the ap- 
parent initial glomerular filtration rate. A reasonable linear rela- 
tionship observed between the apparent initial glomerular filtration 
rate and the i.v. dose of DL-tropic acid is shown in Fig. 3. It may be 
seen from the data presented in Fig. 2 that a limiting initial excretion 
rate (3.4 pmole/kg./min.) obtained for D-( -)-mandelic acid at the 
dose of 165 pmole/kg. is substantially higher than that expectedcon 
the basis of the limiting initial excretion rate (4.5 pmole/kg./min.) ob- 
tained at the dose of 330 pmole/kg. Therefore, the initial excretion 
rate of D-( -)-mandelic acid at the dosage level of 180 pmole/kg. was 
determined in rats in the presence of a simultaneously administered 3 
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X lo3 pmole/kg. i.v. dose of oL-tropic acid. Both D-(-)-mandelic acid 
and DL-tropic acid were administered as their sodium salts. The initial 
excretion rate (2.4 pmole/kg./min.) noted for D-( -)-mandelic acid in 
this study was of the magnitude expected on the basis of the limiting 
initial excretion rate obtained at the dose of 3 3 0  pmole/kg.Therefore, 
2.2 pmole/kg./min. was considered as the apparent glomerular filtra- 
tion rate at the dose of 165 pmole/kg. of the acid instead of the limit- 
ing initial excretion rate noted in Fig. 2. Thus, when these apparent 
glomerular excretion rates were plotted against the i.v. doses of 
D-( -)-mandelic acid, a reasonable linear relationship was observed 
(Fig. 4). These apparent initial glomerular filtration rates observed 
for ~-(-)-mandelic acid are found to be in agreement with those 
obtained by Khambati and Nagwekar (2) for the acid in the pres- 
ence of the simultaneously administered 3 X 1 0 3  pmole/kg. i.v. dose 
of DL-tropic acid in rats. Khambati and Nagwekar determined the 
initial glomerular filtration rates of D-( -)-mandelic acid in the 
course of determining those for D-( -)-p-isopropyl mandelic acid. 
It seems that the limiting initial excretion rate obtained for D-( -)- 
mandelic acid at the 165-pmole/kg. dose in Fig. 2 was an experimen- 
tal artifact. Therefore, the use of the value of the apparent glomerular 
filtration rate (2.2 Wmole/kg./min.) obtained for the acid at the i.v. 
dosage level of I65 pmole/kg. in the presence of the simultaneously 
administered 3 X lo3 pmole/kg. i.v. dose of DL-tropic acid may be 
justified in constructing the plot in Fig. 4. It is then theoretically 
possible to estimate the apparent initial glomerular filtration rate of 
these acids at higher i.v. doses by the extrapolation of the straight 
lines shown in Figs. 3 and 4. 


Incidentally, since D-( -)-mandelic acid is able to saturate the 
tubular secretory system upon the administration of an i.p. dose of 
1.3 X lo4 pmok/kg. in a rat, initial excretion rates reported pre- 
viously (1) for D-( -)-4-hydroxy-4-phenylbutanoic acid, DL-phenyl- 
lactic acid, and D-( -)-benzyllactic acid in the presence of an i.p. 
dose of 1 . 3  X lo4 pmolejkg. of D-( -)-mandelic acid represent their 
respective apparent initial glomerular filtration rates, as evidenced 
by a linear relationship observed in Fig. 5 upon plotting these rates 
against their i.v. doses. This supports the observation that an i.p. 
dose of 1 . 3  X lo4 pmole/kg. of D-(-)-mandelic acid serves as an 
inhibitor of secretion of its homologs and, likewise, an i.p. dose of 
1.2 X lo4 pmole/kg. of DL-tropic acid serves as an inhibitor of secre- 
tion of D-( -)-mandelic acid. The data presented in Fig. 5 also indi- 
cate that, in rats, thevolume of distribution for all of the compounds 
used in the study is similar. 


Determination of Michaelis-Menten Kinetic Parameters-Since 
renal tubular secretion represents a saturable system, the transport of 
molecules through the renal tubular membrane has been described 
by Michaelis-Menten kinetics (3), and the nature of inhibition of 
this transport by other compounds has been identified utilizing a 
Lineweaver-Burk plot technique (4). As in the study of enzyme 
kinetics, the maximum rate of tubular secretion or transport is 
generally designated as Vm or Tm, and the concentration of sub- 
strate required to produce one-half of the maximum rate of secre- 
tion as Km. It is generally expected that for compounds of a homol- 
ogous series, which are secreted by the same carrier mechanism, the 
value of Vm is the same, but, due to their differences in affinities for 
the carrier, the value of Km for each compound is different. Homo- 
logs with a greater affinity for the carrier would be expected to pos- 
sess a lower value of Km ( 3 ) .  In an in uiiro study of inhibition of 
uptake of N'-methylnicotinamide by kidney slices, Farah et al. (4) 
have applied the Lineweaver-Burk plot technique to demonstrate 
that organic bases, such as tetraethylammonium, choline, and guani- 
dine, competitively inhibit the uptake of the compound. Cho et at. 
( 5 )  studied the tubular secretion of iodopyracet2 and p-aminohip- 
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purate by the renal clearance method in dogs and showed that these 
compounds competitively inhibit the secretion of each other. To 
determine the tubular secretion rate, these workers assumed the 
values of filterability of p-aminohippurate and iodopyracet to be 
0.92 and 1.00, respectively. The Vm value obtained for iodopyracet 
was 1.6 pmole/kg./min. and that determined for p-aminohippurate 
was 5.0 pmole/kg./min. 


As applied to secretion kinetics of the present study, the various 
terms appearing in the following Michaelis-Menten equation ( 6 )  


are defined as follows. In this equation, u represents the apparent 
initial secretion rate (pmole/kg./min.), Vm the maximum apparent 
initial secretion rate (pmole/kg./min.), (S) the intravenous dose of the 
substrate (pmole/kg.), and Km the dose of the substrate required to 
produce one-half of the maximum apparent initial secretion rate 
(pmolelkg.). From the following Lineweaver-Burk form (7) of Eq. 1, 


the values of Vm and Km are determined from the slope and inter- 
cept of the straight line obtained by plotting 1 /c cerscis 1 /(S). 
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Figure 6-Urinary excretion data obtained for D-( - )-mandelic acid 
following the i.v. administration of a 3.37 X 103 pmolelkg. dose to a 
rat (indicating the longer biological half-life ofthe compound during the 
earlier period being mainly due to an apparent saturation of the secre- 
tory process for the compound in the rat). 
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Figure 7-Apparent first-order urinary excretion data obtained for 
D-( -)-mandelic acid following the i.v. administration o f various doses 
to rats. Key: 0 ,182  pmolelkg.; U, 533 pmolelkg.; A, 1169 pmolelkg.; 
and @, 2190 pmole/kg. 


TIME, rnin. 


Although the renal clearance method ( 5 )  for the in civo determina- 
tion of Michaelis-Menten kinetic parameters has been used, it was 
decided to devise a procedure which will make it possible to deter- 
mine experimentally these parameters without involving a surgical 
procedure. To apply Michaelis-Menten kinetics to the urinary 
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Figure 8-Apparent first-order urinary excretion data obtained for 
DL-tropic acid following the i.v. administration of various doses to 
rats. Key: 0, 167 pmolelkg.; 0, 412 pmolelkg.; A, 950 pmolelkg.; 
and @, 2110 pmolelkg. 
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Figure 9-Apparent initial excretion rates, 0; initialglomerularfiltra- 
tion rates, - - -; and initial secretion rates, A; observed .for D-( -)- 
mandelic acid following the i.v. administration of appropriate doses to 
rars. 


excretion data obtained in the present studies, it was necessary to 
determine the initial secretion rate of compounds over an appro- 
priate range of dosage levels. The range of doses considered appro- 
priate for a substrate compound in these studies is the range over 
which not only the urinary excretion of the compounds takes place 
by a first-order process but also the biological half-life of the sub- 
strate remains practically constant. Therefore, the kinetics of urinary 
excretion of D-(-)-mandelic acid was studied at doses 1.65-4 X lo2 
pmole/kg. It is noted that the biological half-life of D-(-)-mandelic 
acid remains practically constant (33 min.) over the i.v. dosage range 
of 1.65-20 X lo2 pmolelkg. and possibly up to 33 X 10* pmole/kg. 
But at the dosage levels of 33-40 X 10% pmolelkg., a slower excre- 
tion rate (increased biological half-life) was observed for an hour fol- 
lowing the i.v. administration of D-( -)-mandelic acid, which may 
mainly be due to an apparent saturation of the secretory process of 
the compound (Fig. 6). Therefore, the dosage range of this acid con- 
sidered appropriate in this study was 1.65-20 X 10* pmole/kg. The 
results obtained for DL-tropic acid were found to  be similar to those 
obtained for D-( -)-mandelic acid and, therefore, the dosage range 
of this acid considered suitable was 1.5-20 X lo2 pmole/kg. The data 
obtained for the urinary excretion of D-( -)-rnandelic acid following 
the i.v. administration of various doses are presented in Fig. 7. 
Similarly, the data obtained for the urinary excretion of oL-tropic 
acid are presented in Fig. 8. 


The apparent initial renal tubular secretion rates were determined 
from the total initial excretion rates at each i.v. dosage level of DL- 
tropic acid, as well as D-(-)-mandebc acid, by subtracting the ap- 
parent initial glomerular filtration rates noted for these compounds 
from Figs. 3 and 4 at the corresponding dosage levels. The plot of 
the observed apparent initial excretion rate versus dose (i.v.) and the 
plot of the initial secretion rate uersus dose (i.v.) are also con- 
structed for these compounds, as shown in Figs. 9 and 10. The 
extrapolated lines due to the apparent initial glomerular filtration 
rate oersus dose for these compounds are included in Figs. 9 and 10. 
The curvilinear plots obtained for the initial excretion rate data are 
in accordance with the expectation for compounds which are 
excreted by both glomerular filtration and tubular secretion (8). 


To determine the Michaelis-Menten kinetic parameters, the recip- 
rocal of the initial secretion rate was plotted against the reciprocal 
of the i.v. dose for both D-( -)-mandelic acid and DL-tropic acid 
(Fig. 1 1 ) .  From the slope of the straight line obtained by the method 
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Figure 10-Apparent initial excretion rates, 0; initial glomerular 
$Itration rates, - - -; and initial secretion rates, A: observed for DL- 
tropic acid following the i.v. administration of uppropriare doses to 
rats. 
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Figure 11-Lineweaver-Burk plots of the reciprocal of the i.0. dose 
of' D-(-)-mandelic acid, 0; and DL-tropic acid, A; against their 
corresponding reciproraf of the apparent initial secretion rates. 


of least squares and from the y-intercept obtained by extrapolation 
of the straight line, the respective values of Km and Vm were deter- 
mined for D-( -)-mandelic acid and for DL-tropic acid. These values 
are listed in Table I. Values for the maximum secretion rate (Vm) ob- 
tained for p-aminohippurate in rats by the renal clearance method 
hive been reported by several workers (9-11). For the sake of com- 
parison, when these Vm values are converted to units of pmolel 
kg./min., they are found to be 9.27, 14.93, and 18.02 pmole/kg./min. 
Therefore, in light of such a wide variation observed by other 
workers in the Vm values for p-aminohippurate, the Vm value of 
18.8 pmole/kg./min. obtained for D-( -)-mandelic acid may be con- 
sidered comparable to the Vm value of 20.8 pmole/kg./min. obtained 
for DL-tTOpiC acid, thus strongly suggesting that the two acids are 
secreted by the same carrier mechanism present in the renal tubule 
of the rat. The values of Km obtained in these studies for DL-tropic 
acid (5.2 X l o 2  pmole/kg.) and D-(-)-mandehc acid (11.1 X lo2 
pmole/kg.) strongly indicate that the affinity of DL-tropic acid for the 
renal tubular transport carrier is about twice that of D-( -)-mandelic 
acid. 


Determination of the Nature of Inhibition-To determine whether 
the mutual inhibition observed for DL-tropic acid and D-(-)- 
mandelic acid is competitive or noncompetitive in nature, the ap- 
parent initial secretion rates of DL-tropic acid at various intravenous 
dosage levels were determined in the presence of a fixed dose of 
~-(-)-mandelic acid, and those of D-( -)-mandelic acid at various 
intravenous dosage levels were determined in the presence of a 
fixed dose of oL-tropic acid, and analyzed by the Lineweaver-Burk 
plot method. Accordingly, following the administration of 1.65- 
26 X lo2 pmolelkg. doses, apparent initial excretion rates of D- 
(-)-mandelic acid were determined in the presence of 21-26 X lo2 
pmolelkg. (80 mg./rat) of DL-tropic acid. Similarly, initial excretion 
rates for DL-tropic acid at dosage levels of 3-24 X lo2 pmoles/kg. 
were determined in the presence of 6.0-7.2 X lo2 pmole/kg. (20 mg.1 
rat), 12-1 4 X lo2 pmole/kg. (40 mg./rat), and 24-28 X lo2 pmolelkg. 
(80 mg./rat) doses of D-(-)-mandelic acid. From these data, 
initial secretion rates for the substrates were calculated in the manner 
described earlier. The reciprocals of the substrate dose were then 
plotted against the reciprocals of the initial excretion rate of the 
substrate, as shown in Figs. 12 and 13. The straight-line plots shown 
for the inhibitory studies involving 20, 40, and 80 mg. of inhibitor 
were constructed by visual inspection. It becomes evident from the 
apparent common y-intercept in Figs. 12 and 13 that these acids 
competitively inhibit the renal tubular secretion of each other in 
rats. 


Possible Implications of the Results Obtained in the Studies- 
Although the Vm and Km values have not been determined for 
DL-phenyllactic acid, D-( -)-benzyllactic acid, and D-( -)-4- 


Table I-The Michaelis-Menten Kinetic Parameters of Secretion 
for D-( -)-Mandelic Acid and DL-Tropic Acid in Rats 


Apparent Vm,u Apparent Km,a 
Compound pmole/kg./min. pmole/kg. x lo-* 


D-( -)-Mandelic acid 18.8 f 3.1b 11.1 f 2 . 5 b  
DL-Tropic acid 20.8 f 2.5 5 . 2 f  1.8 


a The values of the apparent Vrn obtained for the compounds are 
not significantly different from each other, while the values of the ap- 
parent Km determined for the compounds are significantly different 
from each other ( p  < 0.01). * Standard deviation for each compound 
was determined from 11-15 rat studies described in Fig. 11. 
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Figure 12-Lineweaver-Burk plots indicating competitive inhibition 
of secretion of D-( -)-mandelic acid by DL-trOpiC acid in the i.u. dose 
of 80mg./rat(21-26 X lo2 pmolelkg.). 


hydroxy-4-phenylbutanoic acid, it is observed from the inhibitory 
effect of D-(-)-mandelic acid on the urinary excretion of these 
compounds that their apparent glomerular filtration rates are 
similar to those of D-( -)-mandelic acid and DL-tropic acid (Fig. 5). 
Therefore, it is not unreasonable to conclude that there exists a 
common carrier system in the renal tubule membrane of rats for 
the transport of the acids employed in the present study. 


The additional purpose of this project was to determine the effect 
of the incorporation of methylene groups in the side chain of the 
mandelic acid molecules on the rate of secretion, and thereby to gain 
some insight into the possible chemical nature of the carrier molecule 
in the vicinity of its positively charged primary binding site. Based 
on the data obtained in these studies, it seems possible to distinguish 
certain characteristics of the carrier molecule. 


It has been illustrated in the present studies that the incorporation 
of methylene group(s) in the side chain of the mandelic acid molecule 
results in a significant decrease (1) in the biological half-life of the 
compounds due to an increase in the rate of renal tubular secretion. 
DL-Tropic acid (ti/*, 23 f 4 min.) and DL-phenyllactic acid (ti/2, 20 
i 3 min.), each possessing one more methylene group than does 
mandelic acid, are found to have significantly shorter biological 
half-lives than that of D-(-)-mandelic acid (ti/%, 30 i 4 min.). 
Although the D-( -)-4-hydroxy-4-phenylbutanoic acid and D-( -)- 
benzyllactic acid molecules contain two more methylene groups 
than does the molecule of mandelic acid, the biological half-life of 
~-(-))-4-hydroxy-4-phenylbutanoic acid (ti/*, 16 i 2 min.) is 
significantly shorter than that observed for D-( -)-benzyllactic acid 
(ti/*, 21 i 3). It was also observed that the biological half-lives 
obtained for DL-phenyllactic acid and D-( -)-benzyllactic acid are 
practically the same. These observations indicate that the presence of 
methylene groups next to the carboxyl group contribute significantly 
to the affinity of the mandelic acid homolog to the carrier molecule. 
Sincethe primary interaction of the substratemolecule with thecarrier 
molecule is expected to be due to electrostatic forces, the further 
affinity of the homologs of mandelic acid may be attributed to the 
secondary interaction( 12-14) between the hydrophobic groups of the 
carrier molecule and the homolog. Therefore, it is suggested that 
the hydrophobic groups, such as methylene groups, should be pres- 
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Figure ISLineweacer-Burk plots indicating competitice inhibition 
of secretion of DL-tropic acid by D-( -)-maridetic arid in the i.u. 
doses of A, 80 mg./rat (36-44 X lo2 pmolelkg.); 0 ,40  mg./rat (12- 
14 X lo2 pmolelkg.); ando, 20mg./rat (6.0-7.2 X loz pmolelkg.). 
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ent next to the positively charged group or site on the carrier 
molecule. 


An examination of the chemical structures of I)-( -)-benzyllactic 
acid and D-( -)-4-hydroxy-4-phenylbutanoic acid (1) may shed some 
light on the extent of the hydrophobic group in the vicinity of the 
cationic site of the carrier molecule. Both of these compounds have 
the same molecular weight, chemical composition, and absolute 
configuration. The only respect in which these molecules differ from 
each other is the position of the methylene groups in relation to the 
carboxyl group. In a D-( -)-4-hydroxy-4-phenylbutanoic acid 
molecule, the two methylene groups are present next to the carboxyl 
group; in a D-( -)-benzyllactic acid molecule, the two methylene 
groups are separated from the carboxyl group by the carbon con- 
taining the hydroxyl group. Since the biological half-life for D-( -)- 
4-hydroxy-4-phenylbutanoic acid is significantly shorter than that 
for D-( -)-benzyllactic acid, it suggests that the hydrophobic region 
in close proximity to the cationic groups of the carrier molecule 
probably does not extend uninterrupted beyond the hydrophobic 
region present in close proximity to the carboxyl group of the D-( -)- 
4-hydroxy-4-phenylbutanoic acid molecule. This inference seems to 
be supported by the fact that the biological half-lives of D-( -)- 
benzyllactic acid and DL-phenyllactic acid are practically the same, 
in spite of the facts that the benzyllactic acid molecule contains one 
more methylene group than does the phenyllactic acid molecule and 
the position of the hydroxyl group in relation to the carboxyl group 
in these molecules is the same. 


The comparison of the biological half-life data obtained for D- 
( - )-mandelic acid, DL-tropic acid, and DL-phenyllactic acid also 
seems to support this view regarding the hydrophobic region in 
close proximity to the positively charged site on the carrier molecule. 
Perhaps the use of 5-hydroxy-5-phenylpentanoic acid would have 
offered some additional information in this regard, but its extensive 
metabolism by rats precluded its use in the present studies. How- 
ever, studies similar to those described here are being carried out 
with other homologs of D-( -)-mandelic acid to distinguish further 
characteristics of the carrier molecule. 


SUMMARY AND CONCLUSIONS 


Using DL-tropic acid and D-( -)-mandelic acid as the mutual 
competitive inhibitors of their renal tubular secretion, urinary excre- 
tion kinetic studies were carried out in rats to determine their initial 
glomerular filtration rates at various doses without involving a 
surgical procedure. The initial rate-i.v. dose profiles were obtained 
for urinary excretion, renal secretion, and glomerular filtration of 
these compounds. 


The Michaelis-Menten kinetic parameters (Vm and Km) of secre- 
tion were determined for each of the tv,o compounds. The values 
of Vm determined for these compounds are found to be similar, but 
the value of Km obtained for D-( -)-mandelic acid is approximately 
twice that obtained for DL-trOpiC acid, indicating that the affinity of 
the former for the renal tubular transport carrier is about one-half 
that ofthelatter. 


Based on the initial glomerular filtration rate data obtained for 
D-( -)-mandelic acid and oL-tropic acid in this study and those ob- 
tained for DL-phenyllactic acid, D-( -)-benzyllactic acid, and D-( -)- 
4-hydroxy-4-phenylbutanoic acid in the previous study, it was con- 
cluded that the volume of distribution of D-( -)-mandelic acid 
and its above homologs is similar in rats. 


The results of these studies have been utilized to attempt to 
distinguish certain structural characteristics around the positively 
charged site of the carrier molecules for renal tubular secretion in 
rats. 
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Effect of Chemical Modification on the Surface Activity 
of Some Phenothiazine Derivatives 


GEORGE ZOGRAFI and MAYANK V. MUNSHI 


Abstract 0 The ability of some substituted phenothiazines to reduce 
the surface tension of aqueous solutions has been studied in order 
to evaluate their hydrophobic behavior. Particular emphasis was 
placed on utilizing conditions that would allow specific structural 
effects to be isolated quantitatively and to point out situations 
where this may be difficult to do. Substitution on the phenothiazine 
ring enhances surface activity in the order CFs >> C1 > H. Chang- 
ing the position of the chloro group on the ring significantly in- 
fluences surface activity, the order being 3C1 > 2C1 > 1C1. The 
effect on surface activity due to changes in the number of alkyl 
groups, the degree of branching, and the number of dissociable 
groups on the alkylamino portion of the molecule also has been 
evaluated. 


Keyphrases 0 Phenothiazine derivatives-surface activity 0 Sur- 
face activity, phenothiazines-chemical modification effect IJ 
Structure, phenothiazines-surface activity relationship 0 Con- 
centration, phenothiazines-surface activity 


The fact that many drugs exhibit surface-active prop- 
erties has led to numerous studies concerned with their 
relative surface and biological activity (1). In particular, 
for many drugs exhibiting an apparent action at bio- 
logical membrane surfaces, e.g., local anesthetics (2) 
and the substituted phenothiazines (3, 4), significant 
surface activity at a variety of interfaces has been re- 
ported. This is not to say that surface activity is solely 
responsible for pharmacological activity, but rather 
that it reflects hydrophobic characteristics of a drug 
molecule, known to influence availability as well as 
reactivity at a site of action. 


In previous reports from this laboratory ( 5 ,  6) ,  it has 
been suggested that measurement of surface-tension 
change at the air-solution interface is a convenient 
means of observing the hydrophobic behavior of 
chlorpromazine without the necessity of introducing 
more complex hydrophobic phases such as oils, solids, 
or specific reactants. Such studies have shown that 
factors tending to promote hydrophobic character, e.g., 
decreasing the degree of ionization, increasing ionic 
strength, and the presence of counterions exhibiting 
some tendency to ion-pair, all increase surface activity, 
while substances tending to reduce hydrophobic be- 
havior, such as urea and the tetraalkylammonium salts, 
decrease surface activity. 


The present study was designed to evaIuate the effect 
of chemical modification on the surface activity and, 
hence, hydrophobicity of several phenothiazine deriva- 
tives. Consideration was given to a means of choosing 
solution conditions and a point of reference that could 
be used for more meaningful quantitative comparisons. 


EXPERIMENTAL. 


Materials-The chemical structure of each phenothiazine studied 
is given in Table I along with reported pKa values for the pro- 
tonated species. Chlorpromazine, its I-chloro, 3-chloro, ethyl- 


amino, and butylamino analogs, as well as trimeprazine, prochlor- 
perazine, and trifluoperazine (Smith Kline & French Laboratories), 
triflupromazine (E. R. Squibb & Sons), and promazineand prometh- 
azine (Wyeth Laboratories) were used. All buffer ingredients and in- 
organic compounds were of reagent grade, while the water used was 
double distilled. 


Surface-Tension Measurement-Surface tension was measured by 
means of the drop volume method using equipment and procedures 
described previously (7). All studies were conducted at 25 f 0.1 '. 
Great care was taken to avoid contact with light because of possible 
photodecomposition exhibited by the phenothiazines (8). All sur- 
face-tension data are expressed in terms of surface pressure, K, 
which is the difference between the surface tension of the solvent 
and that of a given solution being measured. Thus as surface tension 
is reduced, the surface pressure increases. 


RESULTS AND DISCUSSION 


Considerations in Evaluating Relative Surface Activity-In order 
to make meaningful comparisons of various drugs, an appropriate 
set of conditions and a point of reference must be chosen. Two 
conditions which must be chosen with care are the pH and ionic 
strength of the solution. Since the phenothiazines can exist as 
protonated and nonprotonated species, comparisons should be 
made where only one species is present or where the ratio of one 
species to the other is constant. Studies with the nonprotonated 
form of the phenothiazines are extremely difficult because of their 
very great water insolubility, as well as their tendency to adsorb on 
all materials with which they come in contact (9). Comparison at a 
constant ratio of protonated to nonprotonated species also is 
difficult because there is no assurance that the two species of a 
phenothiazine, both of which adsorb, will exhibit the same ratio 
of relative surface activity as that for another derivative. Uncer- 
tainties in exact pKa values (Table I) also make this approach 
difficult. Thus, for comparing such systems, probably it is best to 
choose a pH value where all drugs studied exist only in the pro- 
tonated form. Figure 1 demonstrates that one should be at a pH 
of 5.0 or less to obtain pH independence for phenothiazines having 
pKa values close to that of chlorpromazine. In the present study, 
therefore, all experiments were carried out at a pH of 5.0 or less, 
depending on the pKa of the drugs in question. 


The use of a protonated species introduces an electrical contribu- 
tion to the free energy of adsorption since work is required to over- 
come the electrical repulsion of those molecules already adsorbed. 
Increasing the ionic strength would be expected to increase surface 
activity significantly since these repulsive forces would be screened 
out by the higher concentration of ions in the vicinity of the surface. 
Figure 2 shows that such effects for chlorpromazine are significant; 
and since this was observed for all compounds, ionic strength was 
maintained at one value throughout the study. 


Once standard conditions of pH and ionic strength are chosen 
for comparing the surface activity of drugs, it is desirable to choose 
some means of expressing the relative surface activity of each drug. 
Ideally, comparing the bulk concentration required to produce a 
given number of adsorbed molecules per unit area would be of value. 
Ordinarily the number of adsorbed molecules per unit area can be 
determined by measuring the change in surface tension or surface 
pressure with bulk solution activity and then applying the Gibbs 
adsorption equation (16). The major difficulty with this approach 
is not knowing the thermodynamic activity of the drug in solution. 


~~ ~ 


1 Previous studies have indicated buffer effects to be possible, pre- 
sumably due to counterion binding (9). In such studies, however, 
acetate buffers at concentrations used in the present study were found 
to have no effect on surface activity so buffer effects were not considered 
as a variable in this study. 


Vol. 59, No. 6, June 1970 0 819 







0 0.2 0.4 0.6 0.8 1.0 
CONCN., rnM 


Figure I-PIot of surface pressure versus molar concentration for 
chlorpromazine at pH: 4.0 (0), 5.0 (A), 5.6 (O), and 7.1 (A) at 
25"andanionicstrength of 0.1. 


This is particularly applicable for the phenothiazines, where com- 
plex salt effects and aggregation have been noted (6,9,10). 
In view of this and the need only to obtain relative surface ac- 


tivity under conditions which are identical except for the structural 
changes being considered, a much simpler approach can be used. 
What is done is to compare the bulk concentration of each drug 
required to produce a given surface pressure and to express this 
relative to one of the drugs. Solution concentration is kept as low 


Table I-Phenothiazine Derivatives 


as possible to minimize solution activity effects and, as stated earlier, 
all other conditions are maintained constant. Such a comparison, 
therefore, leads to a measure of the free energy change for adsorp- 
tion relative to the drug chosen as the standard. If the K versus con- 
centration plot for the series of drugs is similar in curvature with 
about the same intercept, one can expect that the ratio of concentra- 
tions and hence the free energy change will be independent of the 
a chosen for comparison. If, however, one merely chooses one 
arbitrary value without checking the complete curve or at least 
another surface pressure, results may be quite misleading (11, 12). 
As an extreme example, it is quite possible that some plots may in- 
tersect and give different relative values depending on where com- 
parisons are made. To demonstrate this point, plots up to 5 or 6 
dynes/cm. are presented and ratios are calculated at 3 and 5 dynes/ 
cm. 


Comparison of the Various Phenothiazine Derivatives-Figures 3 
through 7 are presented to compare the surface activity of the 
various derivatives, each plot demonstrating the effect of one type 
of structural change. Based upon these results, the ratio of drug 
concentration required to produce 3 and 5 dynes/cm. surface pressure 
to the chlorpromazine concentration required to do this has been 
calculated and is presented in Table I. Values greater than one in- 
dicate less surface activity than chlorpromazine, while values less 
than one indicate a greater surface activity than chlorpromazine. 
The general agreement at 3 and 5 dyneslcm. seems to suggest that 
the free energy change for adsorption relative to chlorpromazine is 
independent of the surface pressure chosen at lower values of surface 
pressure. 


Figures 3 and 7 and the ratios given in Table I illustrate the sig- 
nificant effect of changing the substituent on Position 2 of the 


I 
R3 


Drug R1 Rz 
Concn. Ratio, dynes/cm.a 


R3 3 5 pKab 


Trifluoperazine 


Triflupromazine 


Butyl chlorpromazine" 


Prochlorperazine 


3-Chlorpromazine~ 


Chlorpromazine 


I-Chlorpromazinec 


Trimeprazine 


Ethyl chlorpromazine 


Promazine 


Promethazine 


2-cF3 


2-cF3 


2-c1 


2-c1 


3-CI 


2-c1 


1-Cl 


H 


2-c1 


H 


H 


H 


H 


H 


H 


H 


H 


H 


CHI 


H 


H 


CHI 


CH - N Z N - C H 3  


CH --N 
/CH 


'CHI 
/CH, 


'CH 
CH - VH --N 


'CH, 


/W 


'CH, 
CH,-N 


,CH, 
CH,-N 


'CH, 


N/cH ' 
'CH 


CH.--N 
,CHJ 


'CH, 


0.12 


0.24 


0.47 


0.58 


0.62 


1.0 


1.4 


1 . 7  


2 . 2  


2 .5  


2 . 7  


0.12 


0.24 


0.45 


0.57 


0.63 


1 .o 


1.6  


1 . 8  


2 . 2  


2 .5  


2 .6  


8 . 1 ,  8 . 4  


9 . 2  


9.7 


8 . 1 ,  7 . 5  


9 .2  


9 .3 ,  9 . 2  


9 .4  


- 


8.6 


9 .4 ,  9 . 5  


9 .1  


~ 


a Concentration of drug required to produce a given surface pressure relative to concentration of chlorpromazine required. Values are taken from 
References I1 and 13-15. c Actually only analogs of chlorpromazine without a generic name. 
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0 0.2 0.4 0.6 0.8 1.0 
CONCN.. mM 


Figure 2-Plot of surface pressure versus molar concentration for 
chlorpromazine at pH 5.0, 25", and ionic strength: 0.01 (0), 0.10 
(A),O.I5(0),0.20(A),andO.50(o). 


phenothiazine ring while holding other factors constant. Both com- 
pounds containing a -CFI group are many times more surface active 
than those containing a 4 1  group, which in turn are more surface 
active than those containing only -H at that position. Picturing the 
phenothiazine molecules oriented at the interface with the ring 
toward the air and the alkylamino group directed toward the bulk 
aqueous phase, it is not surprising that changes in ring structure 
change surface activity so significantly. The strong contribution of 
the ring to the surface activity of the molecule, and hence its hydro- 
phobic properties, is made apparent also by an earlier observation 
with chlorpromazine sulfoxide (5). Here, the addition of oxygen to 
the sulfur produces a hydrophilic species with a ratio of surface 
activity relative to chlorpromazine of about 100. Thus a polar group 
in the ring essentially eliminates any surface activity. The significant 
hydrophobic effect of adding the -CF3 and -C1 group is made 
apparent further when one sees (Fig. 6) that trimeprazine, with 
four carbons in the alkylamino portion of the molecule but only 
-H on the ring, is significantly less surface active than any of the 
substituted propylamino derivatives which, of course, have only 
three carbons at that position. 


Since the phenothiazine ring is the primary hydrophobic portion 
of the molecule, the ring position of substituent groups might be 
expected to have an effect on surface activity. Figure 4 compares 
chlorpromazine (Zchloro) with its 1-chloro and 3-chloro analogs. 
This figure and the ratios given in Table I indicate a fairly significant 
increase in surface activity as the chloro group is moved away from 
the vicinity of Position 10. It can be shown with molecular models 
that substitution at Position 1 definitely alters the orientation of the 
alkylamino group relative to the ring, restricting movement and 
limiting the number of possible orientations. No such effects are 
likely with the 2- and 3-chloro derivatives. In addition, intermolecu- 
lar steric effects which also influence packing in the surface film may 
contribute to the difference between these compounds, although 
again little difference between the 2- and 3-chloro derivatives is 
noted with molecular models. In view of this, the significant increase 
in surface activity of the 3-chloro derivative may be more related to 
a change in the electronic structure of the phenothiazine ring. 
Evaluation with a wider variety of chemical structures would be 


5 


4 
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2 


1 


0 
-5.0 -4.0 -3.0 
0 'Iuu 
-5.0 -4.0 -3.0 


LOG MOLAR CONCN. 


Figure 3-Plot of surface pressure versus log molar concentration 
at p H  5.0, ionic strength 0.10, and 25" for: triflupromazine (0), 
chlorpromazine (A), andpromazine (0). 


0 0.2 0.4 0.6 0.8 1.0 
CONCN., mM 


Figure &Plot of surface pressure versus molar concentration at 
pH 5.0, ionic strength 0.1, and 25" for: 1-chlorpromazine (0), 2- 
chlorprornazine (A), and 3-chlorpromazine (0). 


extremely valuable in elucidating possible steric and electronic 
effects, but unfortunately the availability of just the right com- 
pounds is limited at the present time. 


Figures 5-7 illustrate the effect of altering the nature of the alkyl- 
amino group at Position 10 of the ring. Comparing the ethyl, propyl, 
and butyl derivatives illustrates the well-known effect of increasing 
alkyl chain length on surface activity, an increase of one -CH2- 
group giving about a twofold increase in activity. Comparison of the 
isomers, promazine and promethazine, indicates that the presence of 
a branched chain reduces surface activity relative to a compound 
with the same number of carbons. This agrees with the fact that 
branched chain hydrocarbons generally are less hydrophobic than 
their straight chain isomers. Examination of Fig. 7 illustrates the 
influence of adding a piperazine ring onto the propylamino group, 
namely, an increase in surface activity, presumably due to the extra 
carbons introduced into the molecule. 


A closer analysis of the results with compounds differing at Posi- 
tion 10 demonstrates that great care must be taken in making simple 
correlations. It is apparent from Table I, for example, that the disso- 
ciation constant for the amino group is more sensitive to structural 
changes at this position. Thus it is especially important to compare 
these molecules at pH values much lower than the pKa value of the 
drug having the lowest pKa. Sometimes, as in the case of the piper- 
azine compounds with two dissociable groups, this is not possible 
and quantitative correlation is made difficult. For example, as seen 
in Table I, the addition of only one -CH2 group to chlorproma- 
zine, giving the butyl derivative, produces a more surface-active 
molecule than prochlorperazine, with more CH2 groups, because of 
the second ionized portion of the latter compound. Another situa- 
tion where this factor apparently is important is when one compares 
the ratio of trifluoperazine to triflupromazine and that of pro- 
chlorperazine to chlorpromazine. If differences in surface activity 
are due only to the introduction of the same substituent, i.e., the 


0 0.2 0.4 0.6 0.8 1.0 
CONCN., mM 


Figure 5-Plot of surface pressure versus molar concentration af 
p H  5.0, ionic sfrength 0.1, and 25O for: ethyl chlorpromazine (0), 
propyl chlorpromazine (A), and butyl chlorpromazine (0). 
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0 0.4 0.8 1.2 1.6 2.0 
CONCN., mM 


Figure &Plot of surface pressure versus molar concentration at 
pH 5.0, ionic strength 0.1, and 25’ for: chlorpromazine (0), tri- 
meprazine (e), promazine (A), aridpromethazine (A). 


piperazine ring, these ratios should be the same; however, the value 
for the CF3 compounds is 0.50 and that for the Cl compounds is 
0.59. What is happening, of course, is that at pH 4.0 all of these 
compounds are essentially completely protonated at one amino 
group, but the two piperazine derivatives have different second 
dissociation constants. Trifluoperazine has a dissociation constant of 
3.9 while the value for prochlorperazine is 3.6. Hence at pH 4.0 the 
piperazine of trifluoperazine probably contributes more to the sur- 
face activity because it has introduced a lower degree of ionization to 
the molecule. 


f i 6  
$ 5  
--. 
h 


:1 2 a 
3 m o o  


-5.0 -4.0 -3.0 
LOG MOLAR CONCN. 


Figure 7-Plot of surface pressure versus log molar concentration at 
pH 4.0, ionic strength 0.1, and 25” for: trifluoperazine (0), pro- 
chlorperazine (*), andchlorpromazine (A). 


The relative surface activity of various phenothiazine derivatives 
has been measured under solution conditions which for the first time 
allow meaningful comparison of structural effects. 


Estimation of the concentration required to produce given 
changes in surface tension, relative to that produced by chlor- 
promazine, reveals significant effects due to substitution of H, C1, 
and CF3 groups on the phenothiazine ring. The position of a sub- 
stituent on the ring has been shown to be another important factor. 


The influence of changing the alkylamino group at Position 10 has 
been discussed in terms of changes in hydrophobicity due to the 
number and arrangement of alkyl groups. A primary factor to con- 
sider also is how substitution influences the dissociation constant(s) 
of the amino group(s) and hence the degree of ionization at the pH 
being utilized for comparison. 
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Centrally Acting Emetic Agents IV: Synthesis 
and Chromatographic Methods for Certain 
Nornuciferine Derivatives 


RAYMOND J. VAVREK, JOSEPH G .  CANNON*, and ROBERT V. SMITH 


Abstract 0 dl-Nornuciferine has been synthesized by a literature 
procedure; alkyl groups were introduced on the nitrogen by direct 
alkylation, reductive alkylation, or by acylation followed by reduc- 
tion to afford eight N-alkylnornuciferine derivatives. Selective 
cleavage of the ether function at  Position 1 of the 1,2-dimethoxy- 
aporphine systems was achieved by use of hydriodic acid in acetic 
anhydride. As a preliminary to metabolic studies on the products, 
thin-layer and gas chromatographic methods were devised for 
qualitative and quantitative analysis of them. 


Keyphrases Emetic agents-centrally acting 0 Nornuciferine 
derivatives-synthesis 0 IR spectrophotometry-identity NMR 
spectroscopy-identity 0 TLC-analysis 0 GLC-analysis 


In a continuing study of aporphine derivatives, which 
are potential emetic agents (l), a series of 1,2-dime- 
thoxylated aporphine (nornuciferine) derivatives was 
investigated. Compounds I-XVI (Table I) were prepared 
for biological evaluation of their emetic effects and for 
initiation of a study of the metabolic fate of dioxy- 
genated aporphine systems in mammals. 


The literature reveals a paucity of information on 
metabolism or biological fate of aporphine systems in 
general; Compounds I-VIII have been selected for 
initial metabolic investigation. In considering possible 
biotransformations of N-substituted nornuciferines, 
N- and/or 0-dealkylation seem to be plausible reac- 
tions (2). Thus, for Compounds 11-VIII, three possible 
metabolite types are available for study: I, an N- 
dealkylated product; IX, an N- and O-dealkylated 
system; and X-XVI, 0-dealkylated products of the 
parent compounds. Analytical systems were required 
for separation, identification, and quantitation of each 
of these substances as a prelude to the proposed met- 
abolic studies. 


TLC was envisioned as the qualitative method of 
choice. Solvents and techniques employed in the separa- 
tion of closely related alkaloids ( 3 )  served as a reference 
point for the development of systems in this investigation. 
For quantitative analysis, gas chromatography was con- 
sidered. Arndt et al. (4) chromatographed nornuciferine 
(I) and nuciferine (11) with an SE-30 column. Since the 
nuciferine analogs in the present study represent wider 
structural variation and were expected to  possess poorer 
volatility, a similar but more thermally stable internal 
phase was sought. OV-17, a silicone polymer with 50% 
phenyl substitution and a temperature limit of approxi- 
mately 350”, was used. 


RESULTS AND DISCUSSION 


dl-Nornuciferine (I), prepared by the method of Weisbach and 
Douglas (5 ) ,  was N-alkylated directly with an alkyl halide or was 
N-acylated and then reduced with lithium aluminum hydride. dl- 


Nuciferine (11) was prepared by Eschweiler-Clarke methylation of I. 
It is noteworthy that the Pschorr cyclization of 1-(2‘-amino- 


benzyl)-6,7-dimethoxy- 1,2,3,4-tetrahydroisoquinoline to an apor- 
phine system proceeded in approximately twice the percent yield 
reported for this step in the literature (5 ) .  Initial low recovery of 
products in the lithium aluminum hydride reductions increased 
significantly by use of a procedure (6, 7) in which the reduction 
mixture, after quenching with water, was stirred with an ammonium 
tartrate solution which presumably aids in breaking the aluminum 
complexes of the amino product. 


Attempts were made to cleave the ether links of Compounds 
I-VII to form 1,2-dihydroxyaporphine systems; hydriodic acid in 
acetic anhydride (8) was selected as the most promising reagent. 
Elemental analysis of the ether-cleaved products of I-VIII indicated 
an incomplete cleavage and suggested that the products were mono- 
hydroxy- and monomethoxyaporphines. NMR spectra of all of the 
ether-cleaved materials demonstrated a singlet (3H) at 3.85-3.89 6, 
while the parent dimethoxylated aporphines exhibited signals at 
3.82-3.86 6 (3H) and at 3.6Ck3.62 6 (3H). The higher field shift has 
been assigned to the methoxyl group at Position 1 (9, lo), on the 
basis of steric interactions of the 1-methoxyl group with the perk 
hydrogen at Position 11 and with the methoxyl group at Position 
2. These interactions force the methyl portion of the Number 1 
methoxyl out of the plane of the aromatic ring and make it more 
susceptible to the shielding effects of both aromatic rings. This 
assignment has been corroborated in the nuciferine system itself 
(1 1). Kametani and Noguchi (12) have prepared dl-N-methyl- 
caaverine (1-hydroxy-2-methoxy-N-methylaporphine) by an un- 
equivocal route. This compound, which is the free base form of 
Compound X (Table I), exhibited an NMR signal at 3.86 b (3H) 
which was assigned to the protons of the 2-methoxy group. There- 
fore, the cleavage procedure employed in the present study was 
selective for the ether function at Position 1 of the 1,2-dimethoxy- 
aporphines, giving a series of 1-hydroxy-2-methoxyaporphines 
(IX-XVI). There was no indication that isomeric l-methoxy-2- 
hydroxyaporphines were formed in any of the cleavage reactions. 


The literature contains numerous accounts of selective cleavage 
of polymethoxy aromatic ethers with sulfuric acid (13, 14) and with 
hydrohalic acids (15). Bruderer and Brossi’s proposal (15) that 
selective ether cleavage in certain polymethoxylated heterocyclic 
systems is a function of differences in basicity of the ether oxygens 
due to electrostatic substituent effects has been rejected by Wilcox 
and Seager (16) following their kinetic study of similar systems, on 
the basis that this explanation requires postulating “unprecedently 
negative ortho u (OCHa) constants.” These latter workers ration- 
alized the greatly enhanced cleavage rates of the central methoxyl 
group of 1,2,3-trimethoxybenzene derivatives by hydrobromic acid 
in acetic acid as being due to steric acceleration factors; the greater 
basicity of the central rnethoxyl group is due to its being twisted 
out of the plane of the aromatic ring. In the present case of the 
apparently exclusive cleavage of the Number 1 methoxyl of 1,2- 
dimethoxyaporphines, the explanation of Wilcox and Seager (16) 
may be invoked as a reasonable one. The NMR data cited previously 
corroborated this type of steric disposition of the Number 1 meth- 
oxyl. Catalin models indicate serious nonbonded interactions of the 
Number 1 methoxyl with the Number 2 methoxyl and with the 
Number 11 hydrogen, when the Number 1 methoxyl is coplanar 
with the benzene ring to which it is attached. 


X-ray crystallographic studies (17) indicate that the biphenyl 
portion of aporphine systems is appreciably strained, the angle of 
twist being 29.9”. This strain increases in aporphines bearing sub- 
stituents at Positions 1 and/or 11. Based upon the premise that the 
release of steric strain in the course of a reaction can be a driving 
force, and upon the proposal (18) that the “packing strain’’ in di- 
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Tabie I-Nornuciferine Derivatives 


Yield, M.P., Molecular --Anal., %- 
No. R R' Method % Recrystn. Solventa Formula Calcd. Found 


I 
I1 


1v 


V 


VI 


VII 


V"I 


1x 


X 


XI 


XI1 


XI" 


XIV 


xv 


XVI 


Me 
Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


H 


H 


H 


H 


H 


H 


H 


H 


H 
Me 


COMe 


Et 


COEt 


n-Pr 


co* 


c n . 4  


CH2-CHzCHZ 


CH~-CECH 


CHi-CeHo 


H 


Me 


Et 


n-Pr 


C H . 4  


CHz-CH=CHe 


CHz- W C H  


CH2-CSHS 


C 
D 


E 


F 


E 


F 


E 


F 


G 


G 


H 


J 


I 


I 


I 


I 


I 


I 


I 


88 
80 


97 


85 


73 


70 


88 


89 


61 


86 


39 


55 


51 


85 


89 


72 


48 


79 


58 


263 O,  dec.b (M) 
261 O ,  dec. (EEt) 


224-225" (M) 


263 O,  dec. (E) 


21Ck-211 (M) 


240", dec. (E) 


213-214" (M) 


244", dec. (E) 


270°, dec. (E) 


240°, dec. (E) 


259", dec. (E) 


248", dec. (EEt) 


251", dec. (W) 


189-190" (EEt) 


184-185" (EWEt) 


245", dec. (E) 


244", dec. (EEt) 


203", dec. (EW) 


207", dec. (MEt) 


C, 68.78 
H, 6.64 
N, 4.22 
C, 74.30 
H, 6.50 
N, 4.33 
C, 69.46 
H, 6.95 
C, N, 74.78 4.05 


H, 6.82 
N, 4.15 
C, 70.09 
H, 7.20 
N, 3.89 
C, 75.64 
H, 6.59 
N, 4.01 
C, 71.06 
H, 6.99 
N, 3.77 
C, 70.49 
H, 6.71 
N, 3.92 
C, 70.89 
H, 6.19 
N, 3.94 
C, 73.62 
H, 6.38 
N, 3.44 
C, 51.65 
H, 4.56 
N, 3.54 
C, 52.85 
H, 4.89 
N, 3.42 
C, 53.89 
H, 5.20 
N, 3.29 
C, 54.69 
H, 5.47 
N, 3.20 
C, 56.12 
H, 5.35 
N, 3.12 
C, 55.17 
H, 5.06 
N, 3.22 
c, 55.43 
H, 4.62 
N, 3.23 
C, 59.42 
H, 4.95 
N, 2.87 


C, 69.15 
H, 6.84 
N, 4.39 


H, 6.35 
N, 4.31 
C, 69.71 
H, 7.05 
N, 4.04 


H, 6.93 
N, 4.20 
C, 69.93 
H, 7.19 
N, 4.01 
C, 75.50 
H, 6.67 
N, 4.09 
C, 70.60 
H, 6.93 
N, 3.88 
C, 70.34 
H, 6.73 
N, 3.90 
C ,  70.98 
H, 6.25 
N, 3.98 
C, 73.72 
H, 6.66 
N, 3.51 
C, 51.45 
H, 4.61 
N, 3.59 
C, 52.63 
H, 4.93 
N, 3.24 
C, 53.76 
H, 5.53 
N, 3.27 
C, 54.14 
H, 5 . 5 5  
N, 3.16 
C, 56.20 
H, 5.41 
N, 3.51 
C, 54.84 
H, 4.97 
N, 3.22 
C, 55.20 
H, 4.91 
N, 3.09 
C, 59.30 
H, 5.09 
N, 2.94 


c, 73.99 


c ,  74.93 


a M = methanol; EEt = ethanol-ether; E = ethanol; W = water; EWEt = ethanol-water-ether; EW = ethanol-water; MEt = methanol- 
ether. b Weisbach and Douglas ( 5 )  give m.p. 262" (dec.). 6 Hydrochloride. d Baarschers et al. (1 1) give NMR data for this compound but do not 
otherwise characterize it or describe its preparation. e Hydroiodide. 


tert-butyl ether accounts for its ease of cleavage under remarkably 
mild conditions, it seems reasonable that cleavage of the more 
strained ether function at Position 1 in the 1,Zdimethoxylated apor- 
phine systems would relieve sufficient strain to  account in part for the 
selectivity encountered. This proposal complements the hypothesis 
of steric inhibition of coplanarity of the Number 1 methoxyl. 


No attempt was made to force the cleavage of the l-hydroxy-2- 
methoxyaporphines to the diphenolic systems. 


Thin-Layer Chromatography-Separation of the N-substituted 
nornuciferines (11-VIII) from their possible metabolites was 
attempted with 36 solvent systems; Table I1 lists the RI values and 


detection characteristics of Compounds I-XVI in four solvent 
systems found suitable [i.e., solvent systems yielding separation of 
each of the N-alkylated nornuciferines (11-VIII) from their 0- and 
N-dealkylated congeners (I and IX-XVI)]. An advantage of the 
piperidine-containing systems (Systems 2 4 )  was that either the 
hydrohalide salts or free bases could be spotted and after de- 
velopment would reveal the same RI values. Using Solvent System 
1, comparable development without tailing was observed only 
with the free bases. 


Detection was achieved with Dragendorff's reagent (3) and by 
fluorescence in 254-mp radiation. With the latter immediately 
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Table II-Thin-Layer Chromatography 


--Ria in Solvent Systemsb-- Detection, 
No. 1 2 3 4 Fluorescencec 


I 0.16 0.46 0.31 0.45 Blue 
I1 0.49 0.57 0.54 0.57 Blue 


111 0.53 0.62 0.61 0.64 Blue 
IV 0.67 0.65 0.64 0.71 Blue 
V 0.66 0.65 0.62 0.69 Blue 


VI 0.74 0.65 0.63 0.70 Blue 
VII 0.75 0.63 0.54 0.68 Yellow 


VIII 0.81 0.69 0.64 0.77 Yellow 
IX 0.08 0.32 0.17 0.35 Orange 
X 0.34 0.47 0.29 0.48 Yellow 


XI 0.36 0.51 0.35 0.52 Yellow 
XI1 0.51 0.53 0.38 0.53 Yellow 


XI11 0.51 0.52 0.37 0.53 Yellow 
XIV 0.66 0.52 0.33 0.53 Yellow xv 0.74 0.48 0.31 0.50 Orange 
XVI 0.75 0.52 0.38 0.52 Orange 


a Average of 6 to 15 determinations; average of the percent standard 
deviation of Ri's of all compounds in Solvent Systems 1-4 = 4.4%. 


With silica gel G plates, solvent systems employed were: 1, chloro- 
form-methanol (93 :7); 2, benzene-piperidine (9 : 1); 3, cyclohexane- 
chloroform-piperidine (8 : 1 : 1); 4, benzene-ethyl acetate-piperidine 
(6 :3 : 1). c In 254-mp radiation, after heating at 110" for 30 min. 


after development, all compounds appeared as blue-fluorescing 
spots; with heating, characteristic and more intense orange, yellow, 
or blue spots were observed. Sensitivities using this technique were 
improved over Dragendorff's reagent, and the limit of detection 
was estimated to be less than 1 mcg. for most of the compounds. 


Gas Chromatography (GC)-Initial GC attempts with nuciferine 
(11) utilizing copper columns revealed significant decomposi- 
tion which was apparently metal-catalyzed and could be obviated 
by employing a glass column and glass-lined injection port. 
Good development of all compounds was attained, except for 
XV which appeared to decompose at all temperatures studied. 
Retention times, relative to nornuciferine (I), are indicated in Table 
Ill.  Separation of all N-substituted nornuciferines (11-VIII) from 
their possible N- and 0-dealkylated metabolites (I, IX-XIV, and 
XVI) was excellent, except in the N-ethyl series where N-ethyl- 
nornuciferine (111) could not be completely resolved from nor- 
nuciferine (I). 


The satisfactory GC of the nornuciferine derivatives in general 
and the free phenolic systems (IX-XVI) in particular was somewhat 
unexpected, because these compounds readily decompose on heat- 
ing. The successful GC of most of the phenolic aporphines may be 
due to intramolecular hydrogen bonding between the phenolic 
hydrogen and the oxygen of the vicinal methoxyl group (19, 20). 
Quantities analyzed were between 0.5 and 3.0 mcg., and curves of 
peak height versus amount chromatographed were linear for Com- 
pounds I-XIV and XVI. 


EXPERIMENTAL 


N - [2 - (3,4 - Dimethoxyphenyl)ethyI]o - nitrophenylacetamide- 
Method A-This was a modification of the method of Gulland and 
Haworth (21). A mixture of o-nitrophenylacetic acid (100 g.), 400 ml. 
of thionyl chloride, and 600 ml. of chloroform was refluxed for 3 hr.; 
then volatile materials were removed under reduced pressure at 
room temperature. The resulting red oil was added dropwise to a 
well-stirred and chilled mixture of 50 g. of 3,4-dimethoxyphen- 
ethylamine in 200 ml. of ether and a solution of 70 g. of sodium 
hydroxide in 1 1. of water; the resulting mixture was stirred at room 
temperature for 1 hr. The solid which separated was collected on a 
filter and washed several times with water. It was then dissolved in 
chloroform; this solution was washed with saturated sodium chlo- 
ride solution, dried over sodium sulfate, and filtered. Removal of 


Melting points are corrected. IR spectra were recorded on Beckman 
IR-5A and IR-10 instruments. NMR spectra were obtained with a Varian 
A-60 instrument; samples were prepared as 10% soIutions in DMSO-ds 
using tetramethylsilane as internal standard. GC was performed with a 
Hewlett-Packard 57508 gas chromatograph equipped with dual-flame 
ionization detectors. 


solvent from the filtrate gave a brown solid which was taken up 
in hot chloroform, treated with charcoal, filtered, and concentrated 
to 250 ml. Upon cooling, 113 g. (79%) of buff-colored crystals was 
deposited, m.p. 112" [lit. (21) m.p. 109-111'1. An IR spectrum 
(10% in chloroform) showed a peak at 1665 cm.-' (amide). 


Method B-An excess of an ethereal solution of diazomethane 
was added to a solution of 37 g. of o-nitrophenylacetic acid in 200 
ml. of ether, and the resulting solution was stirred overnight at room 
temperature. Removal of the ether left a brown oil which was added 
to a solution of 73 g. of 3,4-dimethoxyphenethylamine in 300 ml. 
of benzene, and the resulting mixture was refluxed for 10 hr. The 
benzene was removed under reduced pressure, and the residual 
brown solid was recrystallized from methanol to yield 59 g. (78 %) of 
product, m.p. 112". 


dl-Nornuciferine (I)-Method C-This was prepared by the 
method of Weisbach and Douglas ( 5 )  and was recrystallized, m.p. 
121-125" [lit. (21), (-)-nornuciferine, m.p. 124-125'1. A poly- 
morphic form crystallized from 2-propanol, m.p. 165-166". 


dl-Nuciferine Hydrochloride (11)-Method D-Conversion of I 
to df-nuciferine hydrochloride was by application of the method 
of Icke and Wisegarver (22). A solution of 3 g. of I, 40 ml. of 88% 
formic acid, and 40 ml. of 37 aqueous formaldehyde solution was 
refluxed for 5 hr. ; then volatile materials were removed under 
reduced pressure. The final residue was taken up in 250 ml. of 2% 
sulfuric acid, the solution was filtered, and the filtrate was treated 
with an excess of 14% ammonium hydroxide. The resulting mixture 
was extracted with ether; this extract was washed with saturated 
sodium chloride solution, dried with sodium sulfate, filtered, and 
treated with anhydrous hydrogen chloride. The white precipitate 
which separated was recrystallized (Table I). A portion of the 
hydrochloride salt of I1 was treated with sodium hydroxide solution, 
and the gummy solid resulting was extracted with ether. This ex- 
tract was washed with saturated sodium chloride solution, dried 
with sodium sulfate, filtered, and concentrated to deposit 
large, slightly yellow prisms, m.p. 137-140" [lit. (21) m.p. 136- 
137'1. 


N-Acylated Nornuciferines-Method E-A solution of a twofold 
excess of the appropriate acid chloride and 5 g. of nornuciferine (I) in 
100 ml. of dry pyridine and 200 ml. of anhydrous benzene was refluxed 
and stirred for 2 hr. After cooling and filtering, the reaction solution 
was washed with 200 ml. of water; the water was extracted with 
benzene which was added to the original organic phase, and the 
combined organic solutions were washed with water, dried with 
sodium sulfate, and filtered. The solvent was removed from the fil- 
trate under reduced pressure. The solid residue was recrystallized 
(Table I). 


N-Alkylnornucifennes (111-V)-Method F-A suspension of 15.5 
mmoles of the appropriate N-acylnornuciferine in 250 ml. of puri- 
fied tetrahydrofuran (distilled from lithium aluminum hydride) 
was added to a suspension of 5.2 g. of lithium aluminum hydride 


Table II-Gas Chromatography 


Retention Time" Relative to Nornuci- 
ferine (I) at Operating Conditionsb 


No. k Bd 


I 
I1 


Ill  
IV 
V 


VI 
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
XIV xv- 
XVI 


1 .oo 
0.84 
0.94 
1.11 
1.90 
1.95 
2.18 


1.63 
1.37 


- 


1.53 
1.83 
3.14 
1.95 


- 
7.87 


~ 


0 Average of 4 to 15 determinations. 6 See Experimental. c Retention 
time of nornuciferine (I). 7.8 min. (22 determinations). d Retention t h e  
of nornuciferine (I), 3.0 min. (4 determinations). 6 Decomposes at all 
temperatures employed. 
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in 250 ml. of purified tetrahydrofuran, and the resulting mixture 
was refluxed for 6 hr. Water (10.4 ml.) was carefully added; then 
200 ml. of saturated ammonium tartrate solution was added and 
the mixture was stirred for 1 hr. at room temperature. The layers 
were separated and the aqueous layer was extracted repeatedly 
with ether. The combined organic phases were washed with satu- 
rated sodium chloride solution, dried with sodium sulfate, and 
filtered; the filtrate was evaporated under reduced pressure. The 
residual brown oil was dissolved in dry ether, and this solution was 
treated with anhydrous hydrogen chloride to  yield a white precipi- 
tate which was recrystallized (Table I). 


N-Alkylnornuciferines (VI and M)-MethodG-A mixture of 2 g. 
of nornuciferine(I), a 0.1 molar excess of the appropriate alkyl bro- 
mide, a 0.5 molar excess of sodium bicarbonate, and 25 ml. of anhy- 
drous ethanol was refluxed for 10 hr. The resulting mixture was 
filtered while hot, and the filtrate was concentrated under reduced 
pressure to give a brown oil. Treatment of an anhydrous ether solu- 
tion of this oil with anhydrous hydrogen chloride gave a white pre- 
cipitate which was recrystallized (Table I). 


d2-N-Benz ylnornuciferine (VIII)--Method H-This was prepared 
from N-[2-(3,4-dimethoxyphenyl)ethyl]o-nitrophenylacetamide by 
the method of Weisbach and Douglas (5 )  and was recrystallized, 
m.p. 98-99’ [lit. (5) 98-99.5”l. 


Hydroiodides of 1-Hydroxy-2-methoxyaporphine (IX) and N- 
Alkylated Derivatives (X-XV1)-Method Z-These were prepared by 
a modification of the method of Howell and Robertson (24). Nitro- 
gen was passed through a suspension of 3 mmoles of the appropriate 
1,2-dimethoxyaporphine (I-VIII) in 7 ml. of acetic anhydride. To this 
suspension, 4.8 ml. of 57% hydriodic acid (stabilized with 1.4% 
hypophosphorous acid) was carefully added. The reaction mixture 
was refluxed in an oil bath of 150” under a stream of nitrogen for 
0.5 hr.; then it was permitted to cool to room temperature in a 
stream of nitrogen. Excess volatile material was removed under 
reduced pressure, and the solid residue was recrystallized (Table I). 


Thin-Layer Chromatography-Silica gel G plates (20 X 20 cm.) 
were prepared from a slurry containing 3 g. of silica gel G2 and 
7 ml. of water per plate. After air drying, plates were activated at 
110” for 1 hr. and kept in a desiccator until used. Developing dis- 
tance throughout was 10 cm. with the solvent systems listed in 
Table 11. All solvents were reagent grade. Detection was accom- 
plished with DragendorR’s reagent (Thies, Reuther, modified by 
Vagufalvi) (3) and by fluorescence under 254-mp radiation, either 
immediately after development or following heating at 110” for 
30 min. 


Gas Chromatography-Glass columns [182.9 cm. (6 ft.) X 4 mm. 
id.] were packed with 3% OV-17 on diatomaceous earth,3 100/120 
mesh. Operating temperatures were: (a) injection port, 260”; 
column, 260”; and detector, 300”; (6) injection port, 290”; column, 
290”; and detector, 320”. Conditions held constant were: carrier 
gas (helium), 120 ml./min. (50 psig); hydrogen, 40 ml./min. (13 
psig); air, 440 ml./min. (30 psig); attenuation, 8; and range, 102. 
For GC, aqueous solutions of hydrohalide salts were treated with 
equal volumes of pH 8.0 tris-hydrochloric acid buffer (0.2 M); 
free bases were extracted into 1 isoamyl alcohol in n-heptane. All 
compounds except IX could be recovered as the free base by this 
procedure; extraction of IX required 25% isoamyl alcohol in n- 
heptane. Quantities analyzed were between 0.5-3.0 mcg.; curves of 
peak height versus amount chromatographed were plotted. 


2 Brinkmann Instruments, Westbury, N. Y. 
a Gas-Chrom Q, Applied Science Laboratories, State College, Pa. 
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Oral Dosage Form Design and Its Influence on 
Dissolution Rates for a Series of Drugs 


FOO SONG HOM and JOHN J. MISKEL 


Abstract The study illustrates the influence oral dosage form 
design has on dissolution rates for drugs from different chemical 
and pharmacological classes. Comparative data demonstrate that 
relatively insoluble drugs, when formulated in soft elastic capsules, 
are released faster than from commercially available tablets. Faster 
dissolution from soft elastic capsules is believed to be due to the 
more rapid dispersion of the active ingredients. Rapid dispersion of 
medicaments is enhanced by the use of solubilizers and/or sur- 
factants in the formulation design. Soft elastic capsules are recom- 
mended for the formulation of low-dose medications, of relatively 
insoluble drugs, and of drugs where early high-blood level of the 
drug is indicated. 


Keyphrases 0 Oral dosage form design effectdissolution rates 0 
Capsules, soft elastic, tabletsarug release-rate comparison Ro- 
tating-bottle apparatus4issolution testing 0 UV spectrophotom- 
etry-analysis 


In recent years, numerous scientists have demon- 
strated the direct relationship between proper formula- 
tion of a dosage form and the production of a clinically 
effective drug product. Many correlations have been 
established between formulation design and therapeutic 
activity, reporting the interrelation of particle size, dis- 
solution, and absorption. In a review, Nelson (1) indi- 
cated that the rate of gastrointestinal absorption of a 
drug is often a function of the time needed for the drug 
to dissolve in the fluid at the site of absorption. He 
pointed out that, in general, the availability for absorp- 
tion decreases in the order: solution > suspension > 
powder-filled capsule > compressed tablet > coated 
tablet. However, changes in this order may occur for 
various reasons, but they are exceptions. Tannenbaum 
et al. (2) demonstrated that in some cases, through the 
use of modern pharmaceutical techniques, it is possible 
to produce a tablet that results in greater drug absorp- 
tion than a powder-filled capsule. Wagner et al. (3), in 
their study on the effect of dosage form on serum levels 
of indoxole, observed that the serum level response de- 
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Figure I-Dissolution rates of hydrocortisone capsule and tablet 
in simulated gastric fluid T.S. Key: 0, so# elastic capsule; and O, 
Tablet A .  


100 


80 
0 w > $ 6o 


E 
0 4 0  
b? 


20 


4 12 20 28 36 44 52 60 
MINUTES 


Figure 2-Dissolution rates of ethinyl estradiol capsule and tablets 
in simulated gastric fluid T.S. Key: 0, soft elastic capsule; 0, 
Tablet A ;  and@, Tabfet B. 


creases in the order: emulsion (Lipomul-Oral) % soft 
gelatin capsule > aqueous suspension > powder-filled 
capsule. Aguiar et al. (4) studied and correlated the 
effects of deaggregation or dispersion, dissolution, and 
in vitro gut-permeation rates on the chloramphenicol 
availability from four commercial lots of capsules. 
Glazko et al. ( 5 )  observed different absorption rates 
from capsules containing identical amounts of chloram- 
phenicol from different manufacturers. Similarly, Brice 
and Hammer (6) observed significant differences in 
serum antibiotic levels obtained from 16 commercially 
available lots of oxytetracycline capsules distributed by 
13 different suppliers. 


The present work is a study of the influence of soft 
elastic capsule and tablet dosage forms on dissolution 
rates for a series of chemically and pharmacologically 
different drugs. While it will be agreed that in vitro disso- 
lution rate data do not necessarily reflect in vivo absorp- 
tion and availability, sufficient correlation exists to 
justify the use of this technique to measure potential 
dosage form efficiency (7-12). The rotating-bottle 
method (13-15) is used to compare the dissolution rates 
of soft elastic capsules and tablets. 
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Figure 3-Dissolution rates of diethylstilbestrol capsule and tablets 
in simulated gastric fluid T.S. Key: 0, soft elastic capsule; 0, 
Tablet A ;  and@, Tablet B. 
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Figure 4-Dissolution rates of phenobarbital capsuleand tablet in sim- 
ulated gastric fluid T.S. Key: @, soft elastic capsule; and 0, Tablet A .  
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Figure 5-Dissolution rates of reserpine capsule and tablets in 
simulated gastric fluid T.S. Key: 8, soft elastic capsule; 0, Tablet 
A; and (3, Tablet B. 


EXPERIMENTAL 


A drug must be formulated in one of several dosage forms, de- 
pending on its intended use. In general, a dosage form is designed 
for rapid and complete absorption of the drug. In some cases a 
dosage form may be developed for delayed action or for combined 
effects of quick onset and prolonged action. For rapid and complete 
absorption of a drug, it is best to formulate in solution. However, 
this is not always practical, as with very insoluble drugs. In this case 
the next best form is the suspension dosage form. Modern phar- 
maceutical technology embraces the use of surfactants and/or solubi- 
lizers to enhance the rapidity and maximum absorption of a drug. 
By nature, many surfactants and solubilizers are liquids at room 
temperature. Hence, these agents may play multifaceted roles in 
liquid formulations: as vehicles and interface modifiers. Formula- 
tions of a drug containing surfactants and/or solubilizers may be 
encapsulated conveniently in soft elastic capsules, as demonstrated 
in the present work which includes examples of relatively insoluble 
drugs. 
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Figure 6-Dissolution rates of digitoxin capsule and tablets in simu- 
lated gastric fluid T.S. Key: @, soft elastic capsule; 0, Tablet A ;  
and (3, Tablet B. 


LL 3.0 n 


I 4, I I I I 1 I 


4 8 12 16 20 24 28 
MINUTES 


Figure 7-Dissolution rates of bishydroxycoumarin capsule and 
tablet in simulated gastric fluid T.S. Key: @, soft elastic capsule; 
and 0, Tablet A .  


Products Tested-For the purpose of this study the drugs chosen 
represent a number of chemical and pharmacological classes. The 
soft elastic capsules were manufactured using the continuous rotary 
die process. The drugs, where possible, were dissolved in poly- 
ethylene glycol 400 USP or suspended in various polyols with 1- 
3 of a nonionic surfactant. In some cases the dispersion vehicle 
was a nonionic surfactant or mixture of nonionic surfactants. Com- 
mercial capsules and tablets were purchased on the open market. 
These include “brand name” drugs and their generic counterparts. 


Method-The rotating-bottle apparatus (1  3-1 5) was used for the 
dissolution tests in the following manner. Into each of the bottles 
was placed 50 ml. of simulated gastric fluid T.S. (without pepsin), 
and the bottles were allowed to come to temperature equilibrium in 
a water bath at 37.5 -I: 0.1 O. One tablet or capsule was added to each 
bottle and rotation begun at about 40 r.p.m. At suitable time in- 
tervals, a bottle was removed and the contents filtered immediately 
through a 0.22-1.1 Millipore filter in a microsyringe filter holder.’ 
An aliquot of the clear filtrate was diluted and analyzed by appro- 
priate USP (16) methods of colorimetry or spectrophotometry. 
Ethinyl estradiol was analyzed by a special colorimetric method (17). 
A technique similar to the one published by Burns et al. (18) was 
used to analyze phenylbutazone (A = 265 mp, 0.1 N NaOH). 
Similarly the method of UV spectrophotometry was used to analyze 
sulfadiazine (A = 309 mfi, 0.1 N HCI) and propylthiouracil (A = 
275 mp, HzO). 


RESULTS AND DISCUSSION 


Results, where possible, were plotted as percent of the amount 
ultimately dissolved so as to  remove differences of overages occur- 
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Figure 8-Dissolution rates of sulfadiazine capsule and tablets in 
simuIated gastric fluid T.S. Key: @, soft elastic capsule; 0, Tablet 
A ;  and (3$ Tablet B. 


1 Cat. No. XX30 025 00, Millipore Corp., Bedford, MA 01730 
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Table I-Dissolution Time in Minutes for 90% Drug Dissolved in Simulated Gastric Fluid at 37.5" 


Dose, 
mg.1 Soft Elastic 


Capsule Capsule,o Tablet A, Tablet B, 
D w  or Tablet min. min. min. 


Hydrocortisone 5.0 4 . 0  f 0 . 2  1 2 f  1 
Ethinyl estradiol 0.05 4.2 f 0.1 60 f 2 83 f 2 
Diethylstilbestrol 0.5  4 . 2  f 0.1 96 f 8 96 f 8 
Phenobarbital 32.0 3 . 1  f 0 . 3  9 f 0 . 5  
Reserpine 0.25 3 . 9  f 0 . 3  14 f 2 35 f 2 
Digitoxin 0 . 2  4 .2  f 0 . 2  70 f 8 136 f 8 


a Solution of drug encapsulated. 


Table 11-Amount in Micrograms of Drug Dissolved per Milliliter of Simulated Gastric Fluid at 37.5" after 5 Min. of Dissolution 
~~ 


Dose, 
mg.1 Soft Elastic 


Capsule Capsule,a Tablet A, Tablet B, 
Drug or Tablet mcg./ml. mcg./ml. mcg./ml. 


Bishydroxycoumarin 25 .O 5 . 9  f 0 . 3  0 .6  f 0.1  
Sulfadiazine 500.0 810 f 5 715 f 5 310 f 25 
Phenylbutazone 100.0 100 f 30 1 . 5  f 0 . 5  


250 f 20 Prop ylthiouracil 50.0 980 i 20 380 f 20 


a Suspension of drug encapsulated. 


ring in different products. With practically insoluble drugs, where 
only a fraction of the dose is dissolved, the amount of drug dissolved 
in 1 ml. of fluid was plotted versus dissolution time. Completion of 
dissolution, the saturation point in the case of poorly soluble drugs, 
was taken as the time on the graph when a smooth curve through 
the points reached a maximum. Typical curves are shown in Figs. 
1-10. Figures 1-6 are plots of percent drug dissolved uersus time 
from tablets and from solutions encapsulated in soft elastic capsules. 
Figures 7-10 are plots of milligrams or micrograms of drug dis- 
solved per milliliter of fluid uersus time for commercial tablets and 
for suspensions encapsulated in soft elastic capsules. A cursory ob- 
servation of Figs. 1-10 is sufficient to conclude that dissolution of 
the drug from soft elastic capsules is faster than from tablets in 
simulated gastric fluid T.S. (without pepsin) at 37.5'. However, a 
quantitative comparison may be made by observing the average 
time from duplicate runs for dissolution of 90% of the drug, as 
shown in Table I. Table I1 lists the average amount in micrograms 
from duplicate runs of relatively insoluble drugs dissolved per 
milliliter of fluid after 5 min. of dissolution. An examination of Table 
I reveals that a drug, when formulated in soft elastic capsules, will 
have a dissolution rate from 3 to 30 times faster than tablets. It is 
apparent that the increase in dissolution rate is due to the rapid dis- 
persion of the drug when the capsule splits open. Also, the use of a 
proper vehicle, solubilizer, and surfactant apparently helps to en- 
hance the dispersion of a relatively insoluble drug. Table 11 details 
the average increase, provided by the soft elastic capsule, in the ap- 
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Figure 9-Dissolution rates of phenylbutazone capsule and tablet 
in simulated gnstric fluid T.S. Key: 0, soft elastic capsule; and 0, 
Tablet A .  


parent solubility of the drug ranging from 1.1 to  67 times that of 
tablets reflecting the effects of the vehicle, solubilizer, and surfactant. 


The data indicate that it is possible to solubilize many low-dose, 
relatively insoluble drugs and to encapsulate them in soft elastic 
capsules of appropriate sizes. For high-dose and very insoluble 
drugs, it is preferable to encapsulate them as suspensions. With the 
applications of these two techniques in encapsulation, conceivably 
one can either singly or collectively use solubilizers andfor surfac- 
tants as specially designed vehicles for each drug. The soft elastic 
capsule is an ideal dosage form for drugs such as the oral contra- 
ceptives where submilligram unit doses are common. 


An appreciation of the profound influence dosage form design 
has on dissolution, absorption, and efficacy (1-12) should preclude 
sole reliance on conventional tablet and powder-filled capsule 
technology in the development of "new drug" dosage forms. The 
costs of carrying new drug dosage forms through toxicity studies, 
clinical trials, and a new drug application procedure make errors in 
this area disastrous. Solutions and suspensions in soft elastic cap- 
sules, as well as tablets and dry-filled capsules, should be investigated 
in early stages of development employing in vitro dissolution studies. 
Availability as provided by the more promising dosage forms should 
then be appraised by in vivo animal studies. 


CONCLUSIONS 


The study illustrates the influence of oral dosage form design on 
dissolution rates for drugs from different chemical and pharma- 
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Figure lO-Dissolution rates of propylthiouracil capsule and tablets 
in simulated gastric fluid T.S. Key: 0, so8 elastic capsule; 0, Tablet 
A;  and (3, Tablet B. 
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cological classes. It also suggests avenues that should not be over- 
looked when investigating new drugs or improving older medica- 
tions. The results demonstrate that many relatively insoluble drugs 
may be readily formulated in soft elastic capsules and have faster 
dissolution rates than tablets in that solutions or suspensions of a 
drug can be readily encapsulated. Furthermore, surfactants or other 
compounds may be encapsulated along with the drug so as to  en- 
hance its solubility and potential absorption rate. Soft elastic cap- 
sules are recommended in the formulations of low-dose medication, 
of relatively insoluble drugs, and of drugs where early high-blood 
level of the drug is indicated. 
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Chemical Standardization and Quality Assurance of 
Whole Crude Coal Tar USP Utilizing GLC Procedures 


M. GRUBER, R. KLEIN, and M. FOXX 


Abstract [7 A procedure has been developed which utilizes gas- 
liquid chromatographic (GLC) analysis for the chemical standard- 
ization of medicinal crude coal tar USP. A similar method is 
recommended for the determination of coal tar fractions in Liquor 
Carbonis Detergens (LCD) (coal tar solution USP). Data con- 
firming that LCD and similar “extracts,” “fractionates,” and 
“synthetics” cannot be considered as generic, pharmaceutical, or 
medicinal equivalents of a properly standardized whole crude coal 
tar are presented. 


Keyphrases 0 Crude coal tar-analysis 0 Coal tar solution- 
analysis Ethanol content, coal tar solution-determination 0 
GLC-anal ysis. 


Dioscorides, a Greek physician, described nearly 2000 
years ago the merits of asphaltic tar in the “Materia 
Medica” as a treatment for cutaneous disorders (1). The 
advantages of the empirical use of “tars” were sub- 
sequently emphasized by numerous investigators in- 
cluding Brocq (2), White (3), and Goeckerman (4,5). 
In modern times, this medication is widely prescribed 


for various skin diseases, such as psoriasis and eczema, 
which are frequently severe and occasionally disabling. 


In addition, this modality is routinely prescribed for 
seborrheic dermatitis, occupational and contact derma- 
titis, dermatophytosis, varicose eczema, chronic and 
exudative and lichenoid dermatitis, pruritis ani, and 
various other chronic skin disorders. 


Although therapeutic response is often dramatic, the 
known variability of coal tar composition and con- 
sequent inconsistency of clinical results has made this 
medication the subject of complaint and controversy 
among dermatologists. 


This ancient but fundamental topical drug is virtually 
devoid of any guardian standards of chemical composi- 
tion. Consequently, almost any coal tar, regardless of 
its composition, may satisfy the requirements of current 
official compendia for crude coal tar. Practically no 
controls have been established to assure uniformity, 
potency, safety, and efficacy. It is, therefore, quite 
evident that the scientific development of far more 
definitive drug reference standards and methods of 
analysis for this valuable, but variable, therapeutic agent 
is mandatory. No proficient effort has been initiated to 
create an effective method to control the physical and 
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cological classes. It also suggests avenues that should not be over- 
looked when investigating new drugs or improving older medica- 
tions. The results demonstrate that many relatively insoluble drugs 
may be readily formulated in soft elastic capsules and have faster 
dissolution rates than tablets in that solutions or suspensions of a 
drug can be readily encapsulated. Furthermore, surfactants or other 
compounds may be encapsulated along with the drug so as to  en- 
hance its solubility and potential absorption rate. Soft elastic cap- 
sules are recommended in the formulations of low-dose medication, 
of relatively insoluble drugs, and of drugs where early high-blood 
level of the drug is indicated. 
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ization of medicinal crude coal tar USP. A similar method is 
recommended for the determination of coal tar fractions in Liquor 
Carbonis Detergens (LCD) (coal tar solution USP). Data con- 
firming that LCD and similar “extracts,” “fractionates,” and 
“synthetics” cannot be considered as generic, pharmaceutical, or 
medicinal equivalents of a properly standardized whole crude coal 
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Dioscorides, a Greek physician, described nearly 2000 
years ago the merits of asphaltic tar in the “Materia 
Medica” as a treatment for cutaneous disorders (1). The 
advantages of the empirical use of “tars” were sub- 
sequently emphasized by numerous investigators in- 
cluding Brocq (2), White (3), and Goeckerman (4,5). 
In modern times, this medication is widely prescribed 


for various skin diseases, such as psoriasis and eczema, 
which are frequently severe and occasionally disabling. 


In addition, this modality is routinely prescribed for 
seborrheic dermatitis, occupational and contact derma- 
titis, dermatophytosis, varicose eczema, chronic and 
exudative and lichenoid dermatitis, pruritis ani, and 
various other chronic skin disorders. 


Although therapeutic response is often dramatic, the 
known variability of coal tar composition and con- 
sequent inconsistency of clinical results has made this 
medication the subject of complaint and controversy 
among dermatologists. 


This ancient but fundamental topical drug is virtually 
devoid of any guardian standards of chemical composi- 
tion. Consequently, almost any coal tar, regardless of 
its composition, may satisfy the requirements of current 
official compendia for crude coal tar. Practically no 
controls have been established to assure uniformity, 
potency, safety, and efficacy. It is, therefore, quite 
evident that the scientific development of far more 
definitive drug reference standards and methods of 
analysis for this valuable, but variable, therapeutic agent 
is mandatory. No proficient effort has been initiated to 
create an effective method to control the physical and 
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chemical properties of this medicinal substance with 
the exception of an exploratory investigation by 
de Martin and Cyr in 1953 (6). 


A. B. 


GENERAL CHARACTERISTICS 


Crude coal tar is an extremely complex by-product of the de- 
structive distillation of coal. There are uncontrolled qualitative and 
quantitative chemical and pharmacological differences, dependent 
upon the source of raw material, method, and temperature of distil- 
lation, shape and size of retorts, and other factors (7). Accordingly, 
since the medicinal qualities of this material are dependent upon the 
aggregate effect of its hundreds of discrete components, many of 
which have never been identified, considerable variations in clinical 
results are apparently unavoidable. A lack of uniformity and the 
variations in therapeutic effect of different coal tars have caused 
concern (8). 


All attempts to retain the therapeutic effects, while simultaneously 
removing the objectionable black color, odor, and staining proper- 
ties of coal tar, have been futile, although it has been “fractionated,” 
“separated,” “extracted,” “filtered” and “synthesized” to improve 
its esthetic appearance. The relatively clear substances which have 
emerged possess one common deficiency, namely a considerable re- 
duction of pharmacological activity caused by the removal of the 
“objectionable” tar fractions including pitch, carbon, and asphaltic 
compounds (9). 


Even its mode of action has not been satisfactorily defined, having 
been variously described as “reducing,” “photosensitizing,” 
“irritant,” “antiseptic,” “antipruritic,” “keratoplastic,” “anti- 
acanthotic,” “vasoconstrictive,” “antiparasitic,” “antifungal,” and 
“antibacterial.” 


Coal tar is described in the USP XVII as a “nearly black, viscous 
liquid, heavier than water, having a characteristic, naphthalene- 
like odor and a sharp, burning taste” (10). These vague descriptions 
have only compounded the physician’s problem of attempting to 
obtain consistent and uniform clinical results. 


The monograph on LCD (coal tar solution USP) is equally 
obscure (1 1). The only quantitative specification is for alcohol con- 
centration. This permits enormous variation in the tar-extract con- 
tent and the incorporation of such dissimilar constituents as to 
make this qualification virtually meaningless. 


For the past 15 years, the authors’ control laboratory has em- 
ployed, with some success, the methods introduced by de Martin and 
Cyr (6). These techniques considerably improved quality and 
uniformity, but were inadequate for assuring a specific, chemically 
standardized, medicinal “whole” coal tar. During the past 2 years, 
the authors’ have utilized GLC to achieve this goal. 


Other attempts have been made to standardize the therapeutic re- 
sponse which physicians could reasonably anticipate from tar by 
comparing relative bioassays or measurements of the photodynamic 
action of tar on normal guinea pig skin (12). Photobiological 
activity as the quality control determinant of tar, manifested by 
sensitization effects on human, rabbit, guinea pig, or other mam- 
malian skin, is deceiving since this attribute of coal tar is related 
primarily to its anthracene-acridine content (9). The fluorescence 
under longwave UV light is easily induced or modified by the mere 
presence of anthracene and/or acridine in sufficient amounts. Ac- 
cordingly, UV photosensitization cannot assure a medicinally ac- 
ceptable grade of raw material since this characteristic bears only a 
singular relationship to the total properties of coal tar. 


Some manufacturers have incorporated surface-active agents with 
coal tar and equated their antifungal release activities as a measure 
of their biological effect (1 3). Anticipated therapeutic performance, 
as measured by the reference standard of antiseptic properties, is 
also unpredictable. Coal tars, regardless of composition, demon- 
strate considerable fungistatic and bacteriostatic activity. These 
properties, while of value, have never been demonstrated to be 
primarily responsible for the clinical efficacy of tar. They are simply 
additional chemical and therapeutic attributes. 


A gas  chromatographic procedure is presented for the quality 
control of crude coal tar, as well as LCD (coal tar solution USP). 


1Zetar (colloidal whole crude coal tar USP), manufactured by 
Dermik Laboratories, Inc., Syosset, N. Y. 


2x I 
D. 


E .  


c 1 


1 Figure 1-GLC profiles of 


Comparison of the various samples of each indicates the wide and 
uncontrolled range of presently admissable materials and demon- 
strates why consistent clinical results are not possible under the 
present official specifications defining this important topical drug. 


The scientific data and information developed would enable the 
preparation of a monograph, which would exclude from official 
recognition any coal tar that does not possess comparable 
physical characteristics and chemical composition. 


EXPERMENTAL 


In order to provide a more selective and specific tar analysis, it 
was necessary to analyze a number of market samples. These were 
obtained from various commercial sources and pharmacies, selected 
at random throughout the U. S. Although all of the samples secured 
were labeled USP and met present monograph specifications for 
coal tar and coal tar solution, they did nevertheless demonstrate 
marked physical differences and profound chemical variations both 
qualitatively and quantitatively. 


Apparatus-A dual column Varian Aerograph model 204B 
chromatograph equipped with dual flame-ionization detectors was 
employed for all GLC work. Injection port and detector tempera- 
tures were 275 and 280°, respectively. Flow rates of 40 ml. He/ 
min., 30 ml. Hz/min., and 300-ml. filtered air/min. (supplied by 
two Oscar’s Vibrator Air Pumps) were maintained. Specific pa- 
rameters are listed for each type of sample and analysis in the sections 
following. 


Methods and Procedures-Crude Coal Tar-GLC sample size 
was 0.3 pl. supplied from a Hamilton No. 7101 1-p1. syringe. These 
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Table I-Solubility and Specific Gravity Data for 
Illustrated Crude Coal Tar Samples 


C&, CC14, Z Carbenes, Benzol, % 
Sample Insoluble Insoluble Insoluble Sp. Gr.2so 


A 12.42 28.42 16.00 17.41 1.2011 
B 9.64 16.89 7.25 14.22 1.2131 
C 3.42 9.64 6.24 6.42 1.4232 
D 3.39 10.40 7.01 8.21 1.4309 
E 6.71 14.02 7.31 12.19 1.2247 


samples were programmed on a 1.52-m. X 0.32-cm. (5-ft. X 0.125411.) 
0.d. stainless steel column packed with 5 % SE 30 on 8G100 mesh 
(chromasorb W, acid washed) from 110 to 255" at lO"/min., and 
held at the upper limit until no further peaks were recorded. 


The variability of the chromatographic portion of crude coal tar 
was verified using a liquid-solid chromatographic technique on the 
samples, which involved filling a 22-mm. 0.d. chromatographic 
tube equipped with a stopcock to a depth of 150 mm. with 
alumina (Grade F-20, Aluminum Corp. of America), and washing 
with 200 ml. of reagent grade petroleum ether. An accurately 
weighed 1-g. sample of the crude coal tar was macerated with 5 g. 
of alumina (prewashed with petroleum ether) and quantitatively 
transferred to the tube with the aid of 25 ml. of petroleum ether. 
The sample was eluted using 350 ml. of petroleum ether and the 
eluate collected at a rate of 4 ml./min. in a tared 400-ml. beaker, 
evaporated to near dryness on a steam bath under nitrogen, and the 
remainder of the solvent spontaneously evaporated at room tem- 
perature under a stream of nitrogen. The sample was desiccated for 
15 min. and weighed. The column was further eluted with 350 ml. 
of reagent grade ethyl acetate in the same fashion. The residues were 
in turn run via GLC to determine if any significant portion of the 
petroleum ether eluate was lost in evaporation or any significant 
amounts of chromatographable material were present in the ethyl 
acetate fraction. 


All other wet tests were performed according to the methods de- 
scribed by de Martin and Cyr (6). 


LCD (Coal Tar Solution USP)-Tar Determination-GLC 
samples were 2.50 pl. using a Hamilton No. 7105, 5-pl. syringe for 
injection, programmed from 100 to 255" at lO"/min., and held at 
the upper limit using the same column as for coal tar. The initial 
temperature was decreased to allow for better separation of ethanol 
from the tar constituents. The percent tar was calculated by com- 
parison of peak heights of naphthalene, methyl naphthalene, and 
phenanthrene versus those obtained from a standard using the 
same crude coal tar diluted to exactly 20.00% w/v in carbon 
disulfide A.R., according to the calculation: 


J i  Vs 
Js Vi Z coal tar = - X - X Cs 


where Ji is the height of peakj in the sample; Js is the height of peak 
j in the standard; Vs is the injected volume (pl.) of standard; Vi is 
the injected volume (pl.) of sample; and Cs is the concentration (z w/v) of tar in CS2 used as standard. 


Ethanol Determination-The column used is 1.52-m. X 0.32-cm. 
(5-ft. X 0.125-in.) 0.d. stainless steel filled with 10% polyethylene 
glycol2 on chromasorb W (acid washed) isothermally at 70" with 
all other parameters as cited previously. The technique involves 
the use of 20.00% (v/v) acetone A.R./methanol A.R. as internal 
standard. The height responses were found to be linear between 
0.2 p1. and 2.5 pl. of standard. Each analysis is performed using 
three injections of various volumes between 0.5 and 1.5 pl., both for 
standard and sample. The ethanol response was plotted versus 
acetone response. Percentage of ethanol is found by determining 
the appropriate responses for ethanol from the graph in both 
sample and standard at the same acetone response and employing 
the following equation: 


where Ru is the response of sample from graph; Rs is the response 
of standard from graph; sp. gr.. is the specific gravity of standard 


2 Carbowax 20M, Union Carbide Corp., New York, N. Y. 
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Table 11-Comparison of Liquid us. Gas Chromatography 
for the Determination of Chromatographic Portion 
of Crude Coal Tar 


% Chromatographic 
via Liquid 


Sample via GLC Chromatography 
~ 


us. us. 
Phenanthrene Naphthalene 


A 12.1 12.4 13.2 
B 17.4 17.0 15.9 
C 26.2 26.9 25.8 
D 27.1 27.0 27.4 
E 21.1 20.8 20.2 


ethanol at temperature T; sp. gr., is the specific gravity of sample 
at temperature T; % Es is the percentage of ethanol w/w in standard; 
i.e., % Es of 95 % ethanol = 92.3. The results were checked accord- 
ing to the USP determination for ethanol as stated in the mono- 


Thirty-five random samples, labeled "crude coal tar USP" of 
exactly 0.3 pl. each were chromatographed under these conditions; 
five are presented in Fig. 1 for the purpose of illustration. Samples 
A and B were obtained from pharmacies, C is representative of ma- 
terial used by these laboratories, and D and E are samples from dif- 
ferent batches obtained from another pharmaceutical manufacturer. 


graph. 


RESULTS AND DISCUSSION 


The discrepancies found among the random samples of coal tar 
USP, both qualitatively and quantitatively, are enormous. The 
solubility and specific gravity data presented in Table I corroborate 
the observations of de Martin and Cyr (6); although in the case of 
Samples D and E, no positive prediction as to formulation com- 
patibility could be made from the data obtained in wet tests. Pre- 
dictions based on chromatographic evidence were subsequently 
substantiated by experimental incorporation into washable and 
greasy bases. 


Crude coal tars A, B, and E yielded coarsely dispersed, inelegant 
pharmaceuticals. Even crude tar received from the same supplier 
may vary markedly from lot to  lot, yielding different GLC profiles 
and producing visible physical variations in finished products 
while conforming to USP specifications. The preparations contain- 
ing material from Samples A through E were not evaluated clini- 
cally. However, clinical trials previously conducted demonstrated 
that different tars produce significantly different patient responses 
on treatment of various dermatological conditions. 


The evident chromatographic differences were checked on a 
weight basis by GLC and column chromatography to determine the 
validity of the measurement technique employed. These results are 
presented in Table 11. 


The petroleum ether fraction obtained by column chromatog- 
raphy indicated significant losses of benzene, toluene, xylenes, and 
pyridine. These, however, comprise less than 5 %  of the chromato- 
graphable portion taken on an area response basis; the overall net 
loss was considered insignificant. More important, excluding the 
peaks for xylenes, pyridine, benzene, and toluene (starred peaks 
in Fig. l), the chromatographic traces were virtually identical to  
those obtained from the original samples of crude tar. Quantitative 
measurements based on naphthalene and phenanthrene responses, 
when compared to the original, yielded results which approximated 
those found on a weight basis (Table 11). No significant amounts 
of chromatographable material were evident in the trace of the 
ethyl acetate fractions. Modifications of this technique are being 
used in this laboratory as a separation procedure for estimating the 
quality and quantity of coal tar in various preparations. It is obvious 
that additional separations must be performed if significant amounts 
of nonpolar materials, such as mineral oil, are present in the finished 
formulation. However, for this investigation, it did serve to provide 
additional quantitative evidence of the extent of composite dif- 
ferences which might be expected. 


LCD-Exactly 2.50 pl. of each of the five samples of coal tar 
solution (Fig. 2) were chromatographed under the conditions de- 
scribed. Because of the large amount of ethanol present, it was 
anticipated that the sample size would be inconsistent. Included in 







Table Ill-Reproducibility of Peak Heights 
for LCD Samples (Sample C, Fig. 2) 


-Height, mm.--. 
Peak Run 1 Run 2 Reproducibility. 


a 110.0 109.0 f0.5% 


C 33.0 34.5 f 1 . 4 %  
b 29.8 33.5 * 5 . 5 %  


d 31 . O  32.0 * 1 . 6 2  ~. 


e 163.2 165.5 *0.6%y 
f 67.0 65.5 f 1 . 1 %  
g 45.8 44.8 =t1 .2% 
h 35.0 38.6 &4.4% 


Q f = +1.6%. 


Fig. 2 are replicate runs of Sample C with peaks labeled “a” 
through “h.” Height ratios were taken as a function of Run 2 versus 
Run 1. These data are presented in Table I11 and indicate an 
average error of f 1 . 6 2 ,  which was found to be typical andaccept- 
able. 


Each of these samples fulfilled the requirement for coal tar solu- 
tion as directed in USP XVII (i.e., ethanol content between 81 % 
and 86%). Although no quantitation of the coal tar content of 
these solutions was attempted, inasmuch as the original tar samples 
were not available, two coal tar solutions were prepared in the 
laboratory according to the USP procedure using one randomly 
selected tar sample. Analyses were performed versus the original 
tar diluted to exactly 20.00% w/v in CS2 via GLC using the con- 
ditions noted previously. Peaks A, B, and C (naphthalene, methyl 
naphthalene, and phenanthrene) were used for calculation. The 
chromatograms are shown in Fig. 3 and the data presented in Table 
IV. Sample I was estimated to contain 20.29% w/v chromatograph- 
able tar and Sample 11, 20.46% w/v tar. 


Some variations were noted, particularly that the results derived 
from the phenanthrene peak produced lower, although acceptable, 
results than either of the other two employed. The authors’ suspect 
that some sorption of phenanthrene occurs on the sand and, from 
the data, it appears to be approximately 6.5 of the amount pres- 
ent. Since a detailed investigation was not performed regarding this 
possibility, the authors chose to include no correction and the results 
are presented as a mean of the determinations from each of the 
three selected peaks. On an overall basis, no significant sorption 
of the chromatographable portion of the tar is apparent, thereby 
presenting a much more valid assay procedure for coal tar solu- 
tion USP (LCD). 


It is important to emphasize that none of the LCD and “extract” 
samples actually contain the labeled amount of coal tar (20%). This 
figure (20%) is based on the amount of crude coal tar initially 
added to the ethanol, sand, and polysorbate 80, and not the amount 
of coal tar remaining in the extract after filtration. For example, 
Sample I of LCD was analyzed for water content via the classical 
Karl Fischer method and found to contain 6.5%. Combined with 
the ethanol data (81.39% per USP analysis), this leaves a material 
balance of 12.1 % ofwhich 5.0% is polysorbate 80. (The polysorbate 
80 does not, for all practical purposes, ab(ad)sorb on the sand used 
in the laboratory preparation of LCD.) This leaves approximately 
7% tar “fractions” in the LCD solution, the bulk of which is 
chromatographable. 


Previous clinical research by Obermayer (9) has demonstrated 
that no particular fraction or fractions derived from whole crude 
coal tar yield total clinical results comparable to whole crude coal 
tar. In fact, certain of the fractions he tested had little or no medi- 
cinal value. It is quite evident, therefore, that even a “standardized” 
LCD constitutes only a fraction of the total composition of crude 
coal tar and cannot be considered a 20% solution. It similarly can- 
not be expected to produce comparable and reproducible thera- 
peutic results. 


Finally, a check of a simple GLC technique for the determination 
of ethanol was performed to assure the validity of the findings. 
Each of the samples was analyzed in duplicate and confirmed by 
the USP distillation procedure. These data were presented in Table 
V. All were found to conform, as stated previously, to the USP 
monograph for coal tar solution (LCD). 


As an alternate to polyethylene glycols,2 the authors have used 
a column of 1.52-111. X 0.32-cm. (5-ft. X 0.125-in.) 0.d. stainless 
steel, filled with Poropak Q, isothermally at 150” with some success. 
However, this column becomes inconvenient when several samples 
of coal tar solution are to be analyzed since the elution of portions 
of the tar interferes with subsequent injections. Clearing of the 
column overnight at elevated temperatures was not always sufficient. 
Since no problem of this type was found with the polyethylene 
glycolsa column (overnight purging at 195” was sufficient to clear 
it of retained chromatographable tar components), this is the 
column of choice for this procedure. 


CONCLUSIONS AND SUMMARY 


From the data reported in the literature regarding whole crude 
coal tar and LCD, certain differences were expected due to the vari- 
ability of source, conditions of distillation, and modes of collection 
used in the manufacture of coal tar. This investigation has demon- 
strated that the situation is far more critical than originally 
suspected. The combination of previously discussed factors has 
resulted in an incompletely controlled drug and the indiscriminate 
manufacture of crude coal tar substitutes which include fractionated 
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Figure 2-GLCprofles of commercial samples of LCD. 
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Figure 3-GLC profiles of 
laboratory prepared “stan- 
dardized” LCD.  Key: A, LCD- 
I ;  3, Standard; and C, LCD- 
II.  


extracted, filtered, and synthesized liquids, which bear little physical 
and chemical resemblance or correlation to a therapeutically 
acceptable grade of crude coal tar. 


The authors have presented a new approach to the chemical 
standardization and analysis of this drug. In addition, an alternate 
method for determining the ethanol content of coal tar solution 
USP (LCD) is presented, which is equivalent to, and more rapid 
than, the procedure specified in the pharmacopeia. 


It is reasonable to conclude that by designation of starting raw 
material, shape and size of retort, destructive distillation tempera- 
ture, temperature during tar collection, and various other factors, 
in conjunction with laboratory specifications (including 15 z 
maximum permissible variation in any one of the selected major 
constituents of the chromatographable portion of the tar, with 
differential solubility and specific gravity data), one would produce 
a tar demonstrating little or no inconsistencies in composition from 
batch to batch. In fact, this GLC technique has been routinely and 
successfully employed in the authors’ laboratory for the past 2 years. 
It is equally obvious that while GLC standardized crude coal tar 
may yield a “standardized” LCD, the activity of this or any other 
“extract” cannot be expected to approach the efficacy obtained 
from the original whole substance. 


This investigation is intended as a beginning, and further research 
pertaining to a nonchromatographable fraction of crude coal tar, 
as well as the sorption phenomena which occur in the manufacture 
of coal tar solutions, is being conducted. Additional analytical 
methods such as wet analyses and differential solubilities are being 
explored. These further investigations present interesting pos- 
sibilities for future reports. 


Table IV-Analysis of Laboratory Prepared LCD 
~ ~~ ~ 


-Standard--. --LCD Ia-- -LCD IP-- 
V. = 2 . 3 2 ~ 1 .  Vi = 2.49 pl. Vi = 2.51 pl. 


Peak Js Ji Z Tar Ji Tar 


A 76.2 85.19 20.84 83.11 20.16 
B 51.3 59.10 21.47 60.10 21.98 
C 66.1 67.10 18.92 68.71 19.21 


= 20.41%;;. Est. = 20.29%. * F  = 20.45 Z.  Est. = 20.46%. 


Table V-Comparison of GLC us. Distillation (USP) Method for 
the Determination of Ethanol in LCD 


A 
B 
C 
D 
E 


IIa 
15 


83.70. 83.61 
85.43: 85.59 
82.10, 81.89 
84.20, 83.96 
81.69. 81.88 
81.42; 81.36 
81.30, 81.56 


83.40 
85.72 
82.06 
83.82 
81.80 
81.10 
81.15 


~~ 


Laboratory preparations. 


Since whole crude coal tar is not a chemical entity and its total 
therapeutic effect is dependent upon a myriad of carbonized and 
volatile constituents, achievement of complete and absolute uni- 
formity of clinical results is improbable. It is apparent, however, 
that modern, precise analytical instrumentation can be utilized to 
revise the inadequate USP monograph on coal tar. A GLC tar 
profile, together with adequate chemical and physical specifications, 
will assure pharmacists of minimum rather than maximum varia- 
tions in composition. Consequently, physicians may anticipate 
greater consistency and uniformity of therapeutic results. 
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Quantitative Chromatographic Analysis of 
Methallibure in Animal Feed Mixtures 


G. J. KROL, J. F. CARNEY, and B. T. KHO 


~ ~ ~ 


Abstract 0 Methallibure [l-methyl-6-(l-methylallyl)-2,5-dithio- 
biurea] was separated from the constituents of feed extracts by 
partition column chromatography. The separation utilized poly- 
dextran gel as a stationary phase and a composite organic solvent 
as a mobile phase. The method requires no special treatment of the 
solid support and the column can be used for an indeterminate 
number of elutions. The observed interference of metal ions in the 
extraction and chromatography step was eliminated by the addi- 
tion of dithizone to the extracting solvent. The procedure is quanti- 
tative and applicable to routine analysis of different commercial 
field samples. The chromatographic separation was tested for 
specificity with a thiadiazole derivative, which was prepared from 
methallibure, and complete separation between the two related 
structures was observed. The chromatographic column, used in the 
analysis, yielded approximately 900 theoretical plates. 


Keyphrases 0 Methallibure4etermination 0 Animal feed 
mixtures-methallibure determination 0 Column chromatog- 
raphy-separation 0 Dithizone-metal-ion interference elimina- 
tion UV spectrophotometry-analysis 
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Figure 1-Separation of methallibure from diphenylthiocarbazone 
and Feed Mixture B extract (Drago) on polydextran gel (1.2 X 44- 
cm. column) with isopropanol-chloroform-cyclohexane-acetic acid- 
water (100:100:130:8:2) solvent. Key: M ,  methallibure; D ,  di- 
phenylthiocarbazone; DC, diphenylthiocarbazone complex: and FE, 
feed extractives. 


A partition chromatographic method for analysis of 
methallibure, an oestrus regulator for veterinary appli- 
cations, in the presence of certain animal feed mixtures 
was reported by Hudson and Pearson (1). The method 
used diatomaceous earth' as a solid support and chloro- 
form, formamide, and n-hexane as a two-phase solvent 
system. However, this procedure is relatively time con- 
suming, since it requires preparation of a new column 
for every elution and involves relatively large volumes of 
eluent. 


In view of these limitations, an alternative chrom- 
atographic method was developed. The method is 
based on an alkylated polydextran gelz solid support 
and an eluent composed of a mixed organic solvent. The 
preferential solvation of the gel by the more polar com- 
ponents of the solvent mixture yields a partition effect 
similar to that observed by Nystrom and Sjovall(2). In 
contrast to the diatomaceous earth method ( I ) ,  the 
liquid partition effect obtained in this method requires 
no special treatment of the solid support, since the solva- 
tion of the gel and elution are carried out with the same 
mixed solvent system. Furthermore, once the column is 
packed, it can be used for an indeterminate number of 
elutions. 


During the development phase of this method, a 
complication was encountered since some feed samples 
contained significant amounts of metal salts and the 
dithiobiurea structure of methallibure is a relatively 
efficient metal-ion complexing group (3,4). In a number 
of instances, this situation led to a significant apparent 


loss in the percent recovery of the methallibure, since a 
significant fraction of methallibure was complexed by 
metal ions and eluted in different volume. To avoid this 
complication, the extraction was carried out in the pres- 
ence of an excess amount of diphenylthiocarbazone 
(dithizone), which competes effectively for metal ions 
with methallibure. Initially, 8-hydroxyquinoline was 
utilized for this purpose ; however, it was subsequently 
observed that some metal-ion complexes of 8-hydroxy- 
quinoline were eluted in the same volume as methal- 
libure. A complete separation between the methallibure, 
dithizone, and dithizone metal-ion complexes was ob- 
tained. 


EXPERIMENTAL 


Equipment-Kontes glass chromaflex columns (or equivalent), 
50 x 1.2 cm. (i.d.) and 50 X 5 cm., were used (Kontes, Vineland, 
N. J.). To prevent introduction of UV-absorbing extractives from 
the O-ring which is provided with the above columns, the O-rings 
have been replaced with O-rings improvised from 0.32-cm. (0.125- 
in.) (0.d.) organic solvent resistant tubing.3 The sintered-glass disk, 
which is present in the column, was covered with a nylon mesh 
(Pharmacia Fine Chemicals Inc., New Market, N. J.). The smaller 
column was fitted with a 500-ml. separator, the larger with a 2-1. 
funnel. Each separator had an airtight connection to the column. A 
Cary model 14 was used for the UV determinations, while Beckman 
DB was used in the method development to determine the optimum 
chromatographic solvent and the elution volumes. UV flow cell 
(1-cm. light path) was obtained from A. H. Thomas Co. 


Solvents and Chemicals-Redistilled isopropanol (analytical 
reagent grade, Mallinckrodt), chloroform, glacial acetic acid, and 
spectro grade cyclohexane were used. The chromatographic solvent 
consisted of isopropanol, chloroform, cyclohexane, glacial acetic 
acid, and water (1.0 : 1 .O : 1.3 :0.08 :0.02 by volume, respectively). 


1 Celite, Johns-Manville, New York, N. Y. 
2 Sephadex LH-20, Pharmacia Fine Chemicals, Inc., New Market, 


NJ 08854 s Acidllex, Technicon Inc., Chauncey, N. Y. 
.. 
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Figure 2-Separation of methallibure from diphenylthiocarbazoe 
and Feed Mixture C (Kent) on polydextran gel (1.2 X 44-cm. column) 
with isopropanol-chloroform-cyclohexane-acetic acid-water (100 : 
100: 130 :8 :2 )  solvent. Key: M, methallibure; D ,  diphenylthio- 
carbazone; DC,  diphenylthiocarbazone complex; and FE, feed ex- 
tractives. 


Methallibure was obtained from I.C.I., Pharmaceutical Division, 
Macclesfield, Cheshire, England. 


Since the commercially available dithizone (obtained from either 
Eastman Organic Chemicals or Fisher Scientific Co.) was found to 
be insufficiently pure for purposes of this study, it was purified by the 
following procedure: 250 mg. of dithizone was dissolved in 50 ml. of 
the chromatographic solvent. The solution was filtered, applied to 
the larger column (23-cm. bed height), and eluted with 460 ml. of the 
chromatographic solvent. The preparation of the large column is 
analogous to the procedure described for the preparation of 
50 X 1.2-cm. columns. However, the solvent used for both prepara- 
tion and elution may be composed of undistilled reagent grade 
solvents. The purified dithizone fraction, which was contained in the 
major blue band, was eluted in the 350- to 460-ml. fraction and used 
without further treatment. The solution prepared previously was 
stored in the dark at 4" and may be used for several days. The 
chromatographic column may be used repeatedly for the prepara- 
tion of more dithizone after washing the column with additional 
300 ml. of the solvent between sample applications. 


Procedure-During the development phase and the subsequent 
testing of the method with different commercial feeds, the authors 
have utilized a Beckman DB flow cell-log recorder system. The 
spectrophotometer was set at the wavelength of the absorption 
maximum of methallibure (249 mp), and the area of the methallibure 
peak on the recorder scan was found to be proportional to the 
amount of methallibure. Representative elution patterns are il- 
lustrated by Figs. 1-3. However, since the volume which contained 
the methallibure fraction was found to be quite reproducible, the 
procedure was modified to a more suitable routine analysis which 
does not require a spectrophotometer-flow cell system. The follow- 
ing description outlines the procedure for routine analysis. 
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Figure 3-Separation of methallibure from diphenylthiocarbazone 
and Feed Mixture A extract (Felco) on polydextran gel (1.2 X 44-em. 
column) with isopropanol-chloroform-cyclohexane-acetic acid-water 
(100 :I00 :I30 :8:2)  solvent. Key: M ,  methallibure; D ,  diphenyl- 
thiocarbazone: DC,  diphenylthiocarbazone complex; and FE, feed 
extractives. 


Figure 4-UV scan of the 
25-ml. methallibure and 
the 4-ml. blank fraction. 


2 0.05 Origin of the fraction: m a Feed Mixture B extract 
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Preparation of Column-Polydextran gel was suspended in the 
chromatographic solvent (200 ml. of solvent/lO g. of polydextran 
gel) and the slurry equilibrated by shaking for 2 hr. The gel was 
allowed to settle, excess solvent decanted, and a fresh portion of 
solvent added. This procedure was repeated three times. The final 
slurry was transferred to the column by gravity feed. The column 
height was 44 cm. 


Extraction of Methallibure from Feed-A 40-g. feed sample, 
containing approximately 2.2 mg. of methallibure, was transferred 
into a 250-ml. bottle and extracted with 10 ml. of the dithizone 
solution and 150 ml. of the chromatographic solvent. The extrac- 
tion was aided by continuous shaking for 5 min. This procedure is 
applicable to a methallibure premix, such as polyethylene glycol 
(PEG), which is readily soluble in the chromatographic solvent. If 
methallibure is present in a methylcellulose premix, which is not 
soluble in the chromatographic solvent, the extraction could be 
carried out with a high speed homogenizer (for 15 min. at 40,000 
r.p.m.). A VirTis "45" homogenizer is suitable for this purpose. 
Alternatively, the extraction could also be carried out by shaking 
with the more polar components of chromatographic solvent (omit 
cyclohexane). A portion of the extracted feed slurry was filtered 
through a fine- or medium-porosity sintered-glass funnel to provide 
a 4-ml. aliquot of clear filtrate. In order to avoid evaporation, the 
filtration was carried out under positive pressure with the aid of a 
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Figure 5-UV scan of the 25-ml. methallibure and the 4-ml. blank 
fraction. Origin of the fractions: Feed Mixture A extract (Felco). 
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Figure 6-Separation of methallibure (M) from thiadiazole (T )  on 
polydextran (I .2 x 44-em. column) with isopropanol-chloroform- 
cyclohexane-acetic acid-waler (100 : 100 : 130 :8 : 2) solvent. 
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Table I-Observed Recoveries of Methallibure from Feed 
Samples Spiked with Methylcellulose and PEG Premixes 


Table II-Accuracy and Precision of the Methallibure Assay 


r- Premix 
Feed Calculated, Observed, Recovery, 


Mixture mcg. mcg. % 


Bb 


CC 


Methylcellulose 
29.9 


35.0 


33.8 


32.2 


33.2 
35.4 


34.4 


32.1 


34.4 


PEG 
35.7 


30.5 


31.4 


34.2 


29.3 


31.6 


30.3 
33.7 


32.5 


29.8 99.6 
29.6 98.9 
36.8 m . 0  
38.3 io9.5 
32.0 94.7 
33.0 97.7 
33.8 104.8 
33.8 104.8 
33.0 99.4 
33.5 94.6 
33.0 93.3 
34.4 100.0 
34.6 100.6 
34.8 108.3 
33.0 102.8 
35.2 102.2 
34.6 100.6 


35.4 
33.3 
29.8 


99.2 
93.2 
97.8 


30.6 100.3 
32.8 104.4 
31.0 98.8 
35.3 103.1 
32.8 95.9 
28.3 96.6 
29.4 100.3 
32.4 102.4 
33.8 107.0 
30.3 100.0 
32.4 96.2 
35.1 104.1 
31.0 95.5 
30.5 93.8 


~~~ ~~ ~ 


a Felco Sow Chunks. b Drago, 3 parts ground corn and 1 part Sow 
Concentrate 853.0 Kent Hand Feed Sow Mix. 


rubber bulb. A 4-ml. aliquot of the filtrate was transferred into a 
5-ml. volumetric flask and diluted to 5 ml. with 1 ml. of dithizone 
solution. 


Chromatography-A 3-ml. aliquot of the prepared solution 
was applied quantitatively to the column. The column was eluted 
with 102 ml. of the chromatographic solvent at a flow rate of ap- 
proximately 0.5 f 0.1 ml./min. (A pressure head was provided by 
a 300-ml. solvent reservoir in the separator above the column.) 


The first 73-ml. fraction, which contained the feed extractives and 
dithizone (free and chelated by metal ions), was discarded and the 
next two fractions containing 25 and 4 ml. were collected and re- 
tained for quantitation by UV absorption. Both fractions were 
scanned in the 350-240-mp range against the chromatographic 
solvent. Figures 4 and 5 illustrate typical UV scans of the 25- and 4- 
ml. fractions. 


Quantitation-If the UV absorption of the 25-ml. fraction 
matched (within ~t0.005)  the UV absorption of the 4-ml. fraction in 
the 35G290-mp range, the absorbance (at 249 mp) of the 4-ml. frac- 
tion was subtracted from the absorbance of the 25-ml. fraction and 
the difference in absorption (A) ,  used to calculate the amount of 
methallibure in the sample. The following formula was used to 
calculate the amount of methallibure in the 25-ml. fraction. 


mcg. (of methallibure recovered after chromstography) = 


mcg. (of methallibure per g. of feed) = (A)c X 194 X 5/8 (Eq. 2) 


where (A)< is (AX, - Ad) ,  absorbance of the 25-ml. fraction which 
contains methallibure corrected for background absorbance as re- 
flected by the 4-ml. fraction; vo l .~  is the volume of the fraction 
which contains the methallibure; 0.129 is the extinction factor of 


7 -Premix 
Feed Mean 


Mixture Recovery, % SD cv 
Methylcellulose 


A= 100.9 5.3 5.3 
Bb 99.4 5.4 5 . 5  
CC 102.4 3 .1  3 .0  


PEG 
A5 99.0 3.6 3.7 
Bb 100.9 4.2 4.2 
Cc 97.9 4 . 1  4 .2  


~~ ~~ 


a Felco Sow Chunks. b Drago, 3 parts ground corn and 1 part Sow 
Concentrate 853. c Kent Hand Feed Sow Mix. 


methallibure in the chromatographic solvent expressed in ml./mcg. 
units; and “3 is the dilution factor ofthe feed extract. 


If the absorbance of the 25-ml. fraction in the 350-290-mp range 
does not match the absorbance of the 4-ml. fraction, one may deter- 
mine the amount of methallibure in the 25-ml. fraction by the curva- 
ture inversion technique (5,6). This procedure involves scanning the 
methallibure fraction (25 ml.) against several reference solutions of 
methallibure at different concentrations but in the concentration 
range of the unknown sample. From the curvature at the inflection 
point (249 mp, absorption maximum of methallibure), one can de- 
termine the concentration of the unknown sample. However, es- 
sentially all feed mixtures the authors encountered were analyzed 
without resorting to the curvature inversion technique. Usually, the 
magnitude of background absorbance was predictable and equiva- 
lent to 10-15z of the total absorbance of the methallibure frac- 
tion. The estimation of the background absorbance did not intro- 
duce more than a 3 error in calculation of the amount of methal- 
libure. 


RESULTS AND DISCUSSION 


Three different commercial feed mixtures were spiked with known 
amounts of PEG and methylcellulose premixes. The samples were 
analyzed by direct UV determination without the aid of the curva- 
ture inversion technique. Tables I and I1 present the observed 
recoveries and the statistical analysis of the observed data. It is 
apparent from Tables I and I1 that although the standard deviations 
are relatively large, the observed recovery is essentially complete 
and independent of the nature of the feed mixture. 


The chromatographic separation utilized in this study has also 
been tested for specificity. A complete separation between methal- 
libure and its oxidation product, thiadiazole, has been observed 
(Fig. 6). On the basis of the elution voiume and peak width, the 
chromatographic column used in this analysis yielded approximately 
900 theoretical plates. This is equivalent to 20 theoretical plates/ 
cm. 


A similar partition chromatographic system was applied to the 
separation of the coccidiostat, nquinate (oxyquinoline structure), 
from feed mixtures (7). Although the chemical structure of methal- 
libure is unrelated to the structure of nequinate, the chromato- 
graphic system is specific for both compounds; each compound was 
separated from closely related structures. This chromatographic 
approach was also extended to the quantitative separation of struc- 
turally related steroid compounds (8). 
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Improved Colorimetric Determination of Primary 
Aromatic Amines with 9-Chloroacridine: Application 
to Some Local Anesthetics 


J. T. STEWART and D. M. LOTTI 


Abstract 0 Improvement in the stability of the 9-chloroacridine 
stock solution has been made in the colorimetric method for pri- 
mary aromatic amines based on the reaction between the acridine 
and an amine. The improved procedure has been applied to some 
local anesthetics and local anesthetic mixtures. It has been found 
to be comparable in sensitivity to other local anesthetic determina- 
tions, particularly the popular diazotization-coupling procedures. 
Quantitative data from several systems reveal that use of this pro- 
cedure permits the determination of local anesthetics in the pres- 
ence of various drugs and other local anesthetics. Comparative 
analyses were performed with the method of Bratton and Marshall 
on procaine, metabutethamine, and nesacaine hydrochlorides. 


Keyphrases 0 Amines, primary aromatic-improved analysis 0 
9-Chloroacridine solution-stabilization 0 Tetrahydrofuran-9- 
chloroacridine solvent Colorimetric analysis-spectrophotometry 


A colorimetric method for the determination of small 
quantities of primary aromatic amines with 9-chloro- 
acridine and its use in the analysis of some sulfon- 
amides have been previously reported by this laboratory 
(1, 2). Data presented in these papers showed that the 
sensitivity of the method rivals that of the commonly 
used diazotization-coupling procedures for primary 
aromatic amines and sulfonamides. It is necessary for 
the ethanolic 9-chloroacridine stock solution to be pre- 
pared immediately before use since the acridine under- 
goes rapid ethanolysis in ethanol (3). This fresh solu- 
tion is permissible to use for approximately 0.5 hr. 
after preparation. 


The objective of this paper is to report an improve- 
ment in the existing method by stabilization of the 
9-chloroacridine stock solution, and application of the 
method to the analysis of several local anesthetics and 
local anesthetic mixtures. A comparative study of this 
improved technique was made with the procedure of 
Bratton and Marshall (4). 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with spectrophotometers (Perkin-Elmer, model 202, and Beckman, 
model DU). Matched cells with a 1-cm. optical path were used. 


Reagents and Chemicals-9-Chloroacridinel was used as the 
chromogenic reagent. Powdered samples of propoxycaine hy- 
drochloride,2 butacaine sulfate,s b u t e ~ i n , ~  butethamine hydro- 
chloride,4 metabutethamine hydr~chloride,~ nesacaine hydro- 
chloride,s benzocaine, 1 and procaine hydrochloride6 were used in 
the analytical procedure for preparation of standard curves. Piper- 
ocaine,? lidocaine: and tetracaineg hydrochlorides were also used 
in the analysis. All other chemicals used were the highest grade 
of the commercially available materials. 


Solutions (4 X 10-4 M )  were prepared by dissolving weighed 
amounts of benzocaine and butesin in ethanol and the remaining 
local anesthetics in water. The reagent solution of 9-chloroacridine 
(4 X M) was prepared by dissolving a weighed amount in tetra- 
hydrofuran 10 and storing in a light-resistant volumetric flask. l 1  


Procedure-One milliliter of an ethanolic or aqueous solution 
of a local anesthetic (4 x 10-4 M )  was placed in a 10-ml. volu- 
metric flask. To this was added 1 ml. of a tetrahydrofuran solu- 
tion of 9-chloroacridine (4 X 10-a M). Then the pH was adjusted 
to approximately 4 with 10% v/v aqueous hydrochloric acid. The 
solution was shaken and allowed to  sit for 15 min. at room tem- 
perature, followed by the addition of ethanol to volume, and ab- 
sorbance was measured at 435 mp. Absorbance measurements were 
corrected for reagent blanks in the procedure. 


RESULTS AND DISCUSSION 


The colorimetric method for primary aromatic amines using 9- 
chloroacridine has been improved by using tetrahydrofuran in place 
of ethanol as solvent to make the acridine stock solution. Data 
shown in Table I for some local anesthetics reveal that the addition 
of small amounts of tetrahydrofuran to the analytical procedure 
does not cause any significant change in the sensitivity. The ethanolic 
solution was only useful for about 0.5 hr. due to reaction between 
the acridine and ethanol, and it was a disadvantage to prepare new 
acridine stock solutions that often. There was a need for a solvent in 
which dissolution, but no reaction between the acridine and solvent, 
would occur. Miscellaneous solvents were investigated, but only 
tetrahydrofuran proved successful in meeting these requirements. 


1 Eastman Chemical Co. 
2 Sterling Drug Co.. Rensselaer. N. Y 
3 AbbottLabGatoAes, North Chicago, Ill. 
4 Novocol Chemical Manufacturing Co.. Inc.. Brooklvn. 
6 Strasenburgh Laboratories, Roch;ster,. N. Y.  
6 Purocaine Chemical Co., New York, N. Y. 
7 Eli Lilly and Co., Indianapolis, Ind. 
8 Astra Pharmaceutical Products, Worcester, Mass. 
s Winthrop Laboratories, New York, N. Y. 


10 Mallinckrodt, analytical reagent grade. 
* I  Low actinic volumetric flask (Corning No. 55640). 
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to Some Local Anesthetics 
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Abstract 0 Improvement in the stability of the 9-chloroacridine 
stock solution has been made in the colorimetric method for pri- 
mary aromatic amines based on the reaction between the acridine 
and an amine. The improved procedure has been applied to some 
local anesthetics and local anesthetic mixtures. It has been found 
to be comparable in sensitivity to other local anesthetic determina- 
tions, particularly the popular diazotization-coupling procedures. 
Quantitative data from several systems reveal that use of this pro- 
cedure permits the determination of local anesthetics in the pres- 
ence of various drugs and other local anesthetics. Comparative 
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A colorimetric method for the determination of small 
quantities of primary aromatic amines with 9-chloro- 
acridine and its use in the analysis of some sulfon- 
amides have been previously reported by this laboratory 
(1, 2). Data presented in these papers showed that the 
sensitivity of the method rivals that of the commonly 
used diazotization-coupling procedures for primary 
aromatic amines and sulfonamides. It is necessary for 
the ethanolic 9-chloroacridine stock solution to be pre- 
pared immediately before use since the acridine under- 
goes rapid ethanolysis in ethanol (3). This fresh solu- 
tion is permissible to use for approximately 0.5 hr. 
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The objective of this paper is to report an improve- 
ment in the existing method by stabilization of the 
9-chloroacridine stock solution, and application of the 
method to the analysis of several local anesthetics and 
local anesthetic mixtures. A comparative study of this 
improved technique was made with the procedure of 
Bratton and Marshall (4). 
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Apparatus-Spectra and absorbance measurements were made 
with spectrophotometers (Perkin-Elmer, model 202, and Beckman, 
model DU). Matched cells with a 1-cm. optical path were used. 


Reagents and Chemicals-9-Chloroacridinel was used as the 
chromogenic reagent. Powdered samples of propoxycaine hy- 
drochloride,2 butacaine sulfate,s b u t e ~ i n , ~  butethamine hydro- 
chloride,4 metabutethamine hydr~chloride,~ nesacaine hydro- 
chloride,s benzocaine, 1 and procaine hydrochloride6 were used in 
the analytical procedure for preparation of standard curves. Piper- 
ocaine,? lidocaine: and tetracaineg hydrochlorides were also used 
in the analysis. All other chemicals used were the highest grade 
of the commercially available materials. 


Solutions (4 X 10-4 M )  were prepared by dissolving weighed 
amounts of benzocaine and butesin in ethanol and the remaining 
local anesthetics in water. The reagent solution of 9-chloroacridine 
(4 X M) was prepared by dissolving a weighed amount in tetra- 
hydrofuran 10 and storing in a light-resistant volumetric flask. l 1  


Procedure-One milliliter of an ethanolic or aqueous solution 
of a local anesthetic (4 x 10-4 M )  was placed in a 10-ml. volu- 
metric flask. To this was added 1 ml. of a tetrahydrofuran solu- 
tion of 9-chloroacridine (4 X 10-a M). Then the pH was adjusted 
to approximately 4 with 10% v/v aqueous hydrochloric acid. The 
solution was shaken and allowed to  sit for 15 min. at room tem- 
perature, followed by the addition of ethanol to volume, and ab- 
sorbance was measured at 435 mp. Absorbance measurements were 
corrected for reagent blanks in the procedure. 


RESULTS AND DISCUSSION 


The colorimetric method for primary aromatic amines using 9- 
chloroacridine has been improved by using tetrahydrofuran in place 
of ethanol as solvent to make the acridine stock solution. Data 
shown in Table I for some local anesthetics reveal that the addition 
of small amounts of tetrahydrofuran to the analytical procedure 
does not cause any significant change in the sensitivity. The ethanolic 
solution was only useful for about 0.5 hr. due to reaction between 
the acridine and ethanol, and it was a disadvantage to prepare new 
acridine stock solutions that often. There was a need for a solvent in 
which dissolution, but no reaction between the acridine and solvent, 
would occur. Miscellaneous solvents were investigated, but only 
tetrahydrofuran proved successful in meeting these requirements. 
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Table I--Comparison of Absorbance Readings of Reaction 
Products Formed During the Analytical Procedure, with 
Ethanol and/or Tetrahydrofuran (THF) as Solvent for 
9-Chloroacridine 


~ 


-- Absorbance- 


Local Anesthetic M X With Ethanol With THF 


Propoxycaine 


Butacaine 


Butethamine 


Concn., Analytical Reaction 


hydrochloride 4.00 0.305 0.310 


sulfate 4.00 0.325 0.320 


hydrochloride 4.00 0.305 0.305 


There was, however, limited success with terf-butyl alcohol. 
The tetrahydrofuran solution should be stored in a light-resistant 
volumetric flask, since it has been observed in this laboratory that 
light caused some decomposition of the 9-chloroacridine, possibly 
through a free radical reaction (5). Stock solutions of the acridine 
in tetrahydrofuran have been stable up to 1 month after preparation 
when properly stored. 


fert-Butyl alcohol has some limitations in its employment as a 
solvent for 9-chloroacridine. The alcohol is very difficult to handle 
since it freezes at 25.5 O (6). The observed reaction time for the analyt- 
ical procedure is 3 M 5  min. longer with terf-butyl alcohol present 
than with tetrahydrofuran, and the stock solution of the acridine is 
stable for only 1 week. It has been possible in this laboratory to 
overcome the disadvantage of handling due to freezing by insulating 
the volumetric flask containing the acridine stock solution, but the 
observed slower reaction time for the analysis and instability of the 
reagent solution for periods longer than 1 week make tetrahydro- 
furan the preferred solvent for the acridine. 


The improved method using the tetrahydrofuran-acridine solu- 
tion was then applied to the analysis of some local anesthetics and 
local anesthetic mixtures. The results indicated that the reaction 
between local anesthetics containing a primary aromatic amino 
group and 9-chloroacridine to yield highly colored aminoacridine 
hydrochlorides can be utilized as a suitable assay procedure for 
local anesthetics. The absorption curve in the visible spectrum for a 
typical sample of benzocaine is shown in Fig. 1; the absorption 
maximum occurs at 435 mp, Reagent blank readings at this wave- 
length are very low. 
In comparing absorption curves of the colored solutions obtained 


with equimolar concentrations of the various local anesthetics 
containing primary aromatic amino groups, it was noted that the 
curves were almost identical. Compounds such as propoxycaine, 
butacaine, butesin, butethamine, metabutethamine, and procaine 
all produce color that absorbs at the same wavelength and with 
essentially the same intensity as does benzocaine. Absorbance values 
for these anesthetics were between 0.3M.35 absorbance units at 
435 mp as exemplified by benzocaine and metabutethamine (Fig. 1). 
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Figure I-Visible absorbance curves of aminoacridine derivatives 
of local anesthetics. Key: X, benzocaine; [7, metabuterhamine hydro- 
chloride: 0, nesacaine hydrochloride; and A, reagenf blank. 


Table 11-Analysis of Known Local Anesthetic Mixtures for 
Local Anesthetic 


-Local Anesthetic-. 
Components, Concn. of Found, Yield, 


Mixture 4.00 x 10-5 M M X  10-6 z 
I" Procaine hydrochloride 3.976 99.4 


Tetracaine hydrochloride 


Piperocaine hydrochloride 


Lidocaine hydrochloride 


Benzyl alcohol 
8-Hydroxyquinoline 


Pentobarbital sodium 
Aminophylli ne 


Menthol 
Camphor 
Isopropyl alcohol 


Mixture analyzed for procaine content. * Mixture analyzed for 


IIb Propoxycaine hydrochloride 3.960 99.0 


IIIc Butacaine sulfate 3.988 99.7 


IV Benzocaine 3.992 99.8 


V Butethamine hydrochloride 3.972 99.3 


VI Butesin 3.988 99.7 


propoxycaine content. c Mixture analyzed for butacaine content. 


Structurally all of these compounds have a primary aromatic amino 
group in the position para to the ester linkage except metabuteth- 
amine, in which the amino function is meta to the ester linkage. 
Nesacaine shows somewhat diminished intensity values at the same 
wavelength (Fig. l), due presumably to a less-than-quantitative yield 
of reaction with 9-chloroacridine caused by the inductive effect of 
the chloro group meta to the primary amino group in the local 
anesthetic. 


The local anesthetics, piperocaine, lidocaine, and tetracaine, 
which do not contain a primary aromatic amino group, give no 
color formation with this procedure. 


Standard curves can be prepared by plotting observed absor- 
bance readings versus the volumes taken of equimolar concentra- 
tions of various local anesthetics. In all cases, Beer's law holds for 
this system. 


Quantitative data from several systems shown in Table II reveal 
that use of this improved procedure permits the determination of 
local anesthetics containing a primary aromatic amino group in the 
presence of other local anesthetic derivatives, such as piperocaine, 
lidocaine, and tetracaine, and in the presence of other compounds 
which are found in various combinations with local anesthetics in 
commercially available products. It was shown from earlier studies 
that primary, secondary, and tertiary aliphatic amines; secondary 
and tertiary aromatic amines ; heterocycles; and carbonyl-contain- 
ing compounds also do not interfere with this method (1). 


The analytical method is essentially a microprocedure, and sensi- 
tivity is in the range of 1 0 - 6  M of local anesthetic, which makes it 
comparable to other local anesthetic determinations, particularly 
the popular diazotization-coupling procedures. 


Table III-Determination of 2.00 X 
Procaine, Nesacaine, and Metabutethamine Hydrochlorides by 
the 9-Chloroacridine Method and the Method of 
Bratton and Marshall 


M Solutions of 


PChloroacridine Bratton-Marshall 
-Method- -Method-- 
Mean % Mean % 


of of 
Concn. SD of Concn. SD of 


Em- Mean, Em- Mean, 
ployed % played Z 


Procaine hydrochloride 99.30 0.29 99.43 0.28 
Nesacaine hydrochloride 99.60 0.17 99.75 0.23 
Metabutethamine hydro- 99.55 0.23 99.20 0.29 


chloride 
_ _ _ _ ~  ~ 
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A favorable characteristic of the analysis is that the absorbance of 
the product formed is stable and does not fade over a 24-hr. period. 
This is an advantage over the colorimetric method of Bratton and 
Marshall. In the latter method, absorbance readings must be made 
within 15 min. after color development, due to precipitation of the 
azo dyes in the method (7). The 9-chloroacridine method also does 
not involve diazotization. Thus, it eliminates the need for freshly 
prepared sodium nitrite and ammonium sulfamate solutions re- 
quired with the Bratton-Marshall technique. Control of pH is re- 
quired in both methods. 


The improved method of analysis for local anesthetics by the 
9-chloroacridine approach was carried out for some representative 
local anesthetics, and comparative analysis were performed using 
the colorimetric procedure of Bratton and Marshall. Assays were 
performed on procaine, nesacaine, and metabutethamine hydro- 
chlorides. 


The procedure outlined by Connors was used for the analysis by 
the Bratton-Marshall method (8). 


Four determinations by each method were performed for each 
local anesthetic. The mean percent of concentration employed and 
the percent standard deviation of the mean for each local anesthetic 
are shown in Table 111 for both methods (9). 
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Qualitative and Quantitative Determination 
of 1,2- and 1,3-Diglycerides by Nuclear 
Magnetic Resonance Spectroscopy 


R. J. WARREN and J. E. ZAREMBO 


Abstract 0 An NMR procedure is presented for the qualitative 
and quantitative analysis of 1,2- and 1,3-diglycerides alone or in 
combination. The method provides a rapid, accurate quantitative 
analysis, as well as serving as a specific identification of the two 
isomers. The determination can be carried out on sample sizes in 
the range 20-50 mg. 
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One of the more difficult problems in glyceride 
analysis is the differentiation and quantitative deter- 
mination of 1,2- and 1,3-diglycerides in the presence of 
one another. Chemical methods are tedious and time 
consuming. IR spectra are of little value when trying 
to determine low percentages of one isomer in a mixture 
of the two. Near-IR spectroscopy (1) has been used to 
differentiate the 1,2- and 1,3-diglycerides and might 
have some value. The major drawbacks to using this 
technique are the large amounts of sample required 
for a determination, overlap of absorption bands, and 
relatively small differences in absorptivity values. 


The purpose of this study was to  establish the feas- 
ibility of using NMR for differentiating between the 


two isomers and for quantitative analysis of the two 
isomers. 


EXPERIMENTAL 


All spectra were recorded on a JEOLCO C60H spectrometer. 
Deuterated chloroform with 3 CHCla added was used as solvent. 
The spectra were recorded at room temperature at a concentration 
of 80 mg./ml. Chemical shifts were measured relative to trimethyl- 
silane (TMS). 


The 1,2- and 1,3-digIycerides used were 1,2- and 1,3-distearins of 
reference standard quality. 


RESULTS AND DISCUSSION 
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The NMR spectra of the 1,2- and 1,3-diglyceride isomers differ 
markedly in the region 220-260 C.P.S. (3.64.4 p.p.m.) (Fig. 1). 
The 1,3-isomer has a singlet absorption at 249 C.P.S. due to the 
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A favorable characteristic of the analysis is that the absorbance of 
the product formed is stable and does not fade over a 24-hr. period. 
This is an advantage over the colorimetric method of Bratton and 
Marshall. In the latter method, absorbance readings must be made 
within 15 min. after color development, due to precipitation of the 
azo dyes in the method (7). The 9-chloroacridine method also does 
not involve diazotization. Thus, it eliminates the need for freshly 
prepared sodium nitrite and ammonium sulfamate solutions re- 
quired with the Bratton-Marshall technique. Control of pH is re- 
quired in both methods. 


The improved method of analysis for local anesthetics by the 
9-chloroacridine approach was carried out for some representative 
local anesthetics, and comparative analysis were performed using 
the colorimetric procedure of Bratton and Marshall. Assays were 
performed on procaine, nesacaine, and metabutethamine hydro- 
chlorides. 


The procedure outlined by Connors was used for the analysis by 
the Bratton-Marshall method (8). 


Four determinations by each method were performed for each 
local anesthetic. The mean percent of concentration employed and 
the percent standard deviation of the mean for each local anesthetic 
are shown in Table 111 for both methods (9). 
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Figure 1-A, NMR spectra of the 1,bdiglyceride isomer. B, NMR spectra of the 1,3-diglyceride isomer. TMS was used as the internal 
reference standard. 


five glyceryl protons. The 1,2-isomer has a more complex spectrum 
consisting of a quartet at 259 C.P.S. from the two mutually non- 
equivalent 1-protons and a doublet at 225 C.P.S. from the two 3- 
protons. The quintet of the 2-proton is not used in this analysis. 
There is no interference from the 1,3-isomer at the first doublet, and 
this enables one to determine the 1,Zcontent in a mixture of the 
two isomers. A series of standards was prepared containing approxi- 
mately 5,7.5, 10, and 13 mg. of the 1,Zisomer in 25 mg. of the 1,3- 
isomer. The materials used for the mixture were reference standard 
samples. The mixtures were dissolved in CDCla containing 3 x  
(v/v) of CHCh The single absorption of the CHC18 at 436 C.P.S. 


was used as an internal standard in determining the amount of 1,2- 
isomer present. The NMR spectra of the mixtures were obtained 
and integrated. Figure 2 shows a spectrum of a representative 
mixture. The integrated intensity of the 1,2-absorption relative to 
the internal standard was recorded. The value A 1,2-/A CHCL was 
then plotted uersus percent of 1,bdiglyceride (Fig. 3). (A 1,2- = in- 
tegral value of signal at 225 C.P.S. A CHCL = integral value of 
signal at 436 c.P.s.) 


Subsequent samples were prepared and run in the same way. By 
comparison of standards and samples, it was possible to determine 
the amount of 1,2-isomer present. 
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Figure 2-NMR spectra of a mixture of 1,2- and 1,S-distearin. 
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Figure 3-The ualue of A 1,2-/A CHCI, plotted against the percent 
of I,bdigIyceride, with A I ,2- = integral ualue of signal at 225 C.P.S. 
and A CHC18 = integral ualue of signal at 436 C . P . S .  


Some interference could be expected if large amounts of tri- 
glycerides were present, but this is an unlikely circumstance. Un- 
saturated acid moieties would not interfere since they would absorb 
in the region beyond 275 C.P.S. 


The determination can be carried out on samples in the 1 W O -  
mg. range, but the results are best obtained with samples of approxi- 
mately 50 mg. In addition to the quantitative aspect of the method, 
the NMR spectra also provide a specific qualitative identification 
of the isomers. 


SUMMARY 


A quantitative and qualitative method of analysis for 1,3- and 
I ,Zdiglyceride isomers has been presented. The method can be 
carried out on sample sizes at the order of 50 mg. The method is 
fast, accurate, and specific for the two isomers. 
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TECHNICAL ARTICLES 


Adsorption of Organic Compounds by Commercial 
Filter Papers and Its Implication on Quantitative- 
Qualitative Chemical Analysis 


WIN LOUNG CHIOU and LLOYD D. SMITH 


Abstract Eighteen acidic and neutral organic compounds were 
studied for adsorption onto Filter 1 (MF-Millipore filter) with a 
diameter of 17.5 mm. The adsorption after filtration of 3 ml. of 
solution ranged from zero to almost 100%. The adsorption to 
Filter I1 (Whatman filter), however, was much lower and in some 
cases negligible. The water-soluble or ionic forms of compounds 
are less adsorbed. The extent of adsorption for each compound 
might depend on its concentration, filtration rate, volume of solu- 
tion filtered, and Filter I size used. The adsorption was found to 
be reversible and could be represented by the Freundlich adsorption 
isotherm equation. The water-soluble impurities from both types of 
filters were also studied. Their absorbances below 230 mp were 
considerably high. The implication of adsorption and impurities 
from filters on quantitativeequalitative chemical analysis was dis- 
cussed. 


Keyphrases 0 Filter paper adsorption-organic compounds 
Adsorption-organic compounds on filters 0 Impurities-filters 
0 Solubility, organic compounds-filter adsorption 0 Filtration 
rate effect-filter adsorption 


The phenomenon of the possible adsorption of or- 
ganic or inorganic compounds onto polymeric materials 
such as nylon (l) ,  polyethylene (2), cellulose dialysis 
membrane, and regular filter paper has been well recog- 
nized in the past. Filter pads, made from cellulose esters 
or similar polymeric materials, have been widely used in 
both analytical and biological work (3-14). However, 
the possible adsorption of chemicals to these filters has 
been generally underestimated or not noticed by research 
workers using these products. Some of the reasons for 
unawareness may stem from a statement by the manu- 
facturer in their brochure (15) that the filters will not 
generally adsorb components from liquid solutions. 


The systematic investigation, reported in this article, 
of the potential effect of these filters on both quanti- 
tative and qualitative chemical analysis was begun after 
an accidental discovery of the surprisingly high adsorp- 
tion of a water-soluble organic compound after filtra- 
tion, It was also stimulated by a report of Saad and 
Higuchi ( 5 )  that a discrepancy of 150 to 200% in the 
solubility of cholesterol was observed after filtering a 
saturated aqueous suspension through different pore 
size of the filters. The authors, however, gave no expla- 
nation about the possible cause of this difference. 
Although there are many types of these filters, only 
Filter I 2  was selected for thorough studies due to its wide 


1 Millipore filter disks, Millipore Corp., Bedford, Mass. * MF Millipore. 


use. The adsorption to the Filter 113 was also studied to a 
lesser extent for the purpose of comparison. 


EXPERIMEWAL 


Materials-Eighteen acidic or neutral organic compounds were 
chosen for adsorption studies: m-nitrobenzoic acid (Eastman Or- 
ganic Chemicals); iopanoic acid (Sterling Drug Inc.); hydrocorti- 
sone, hydrocortisone acetate, and ethinyl estradiol (The Upjohn 
Co.); chloramphenicol (Pdrke, Davis & Co.); benzoic acid (Merck 
& Co.); phenobarbital (Smith Kline & French Labs.); sodium 
phenobarbital (Merck & Co.); hexachlorophene (Robinson Labora- 
tory Inc.); salicylic acid (Mallinckrodt Chemical Works); pnitro- 
benzoic acid (Eastman Organic Chemicals); griseofulvin (McNeil 
Laboratories, Inc.); warfarin (S. B. Penick & Co.); sodium warfarin 
(Abbott Laboratories); digitoxin (Eli Lilly & Co.); naphthalene 
(Matheson Co. Inc.); and spironolactone (Searle & Co.). All the 
chemicals were reagent grade and were not further purified prior to 
experiments. 


Filter I disks4 had a prefilter diameter of 17.5 mm. and various pore 
sizes: 0.025 p (VS type), 0.22 p (GS type), and 1.2 p (RA type). 
Pyrex microanalysis filter holder (Cat. No. XXlO 025 00 from the 
Millipore Corp.) was used for the support of filtration throughout 
the experiments. Filter I1 (W. R. Balston, Ltd., England) em- 
ployed a round form of disk with the same diameter as Filter I, cut 
with a pair of scissors and placed into the Millipore filter holder for 
the filtration study. 


Preparation of Solutions-Solutions of relatively water-soluble 
compounds such as m-nitrobenzoic acid, benzoic acid, phenobar- 
bital, sodium phenobarbital, salicylic acid, p-nitrobenzoic acid, 
sodium warfarin, and naphthalene were prepared by dissolving them 
directly in distilled water or diluted aqueous hydrochloric acid 
solution. Solutions of relatively water-insoluble compounds such as 
iopanoic acid, hydrocortisone, chloramphenicol, hydrocortisone 
acetate, hexachlorophene, griseofulvin, ethinyl estradiol, digitoxin, 
and spironolactone were prepared by dilution of the concentrated 
stock solution in 95 ethanol with distilled water. These solutions 
contained, however, less than 1 


Adsorption Studies-Before carrying out adsorption studies, the 
filter apparatus without the placement of filter disks was thoroughly 
cleaned with distilled water. Three milliliters of the distilled water or 
aqueous hydrochloric acid solution was then passed through the ap- 
paratus by the suction of a water aspirator. Possible contamination 
in the filtrate was checked spectrophotometrically by using a Cary 15 
spectrophotometer. 


The effect of both single and multiple filtrations on adsorption to 
the filters was studied. In the single-filtration studies, 3 ml. of aque- 
ous solutions of organic substances was filtered through either the 
Filter I or I1 disk. The time of the filtration was kept as constant as 
possible: about 30 sec. for 0.22-p Filter I and 1.2-p Filter I and Filter 
11, and about 2.5 min. for the 0.025-11 Millipore. The absorbance 
of the solution, usually at the peak absorption wavelength of each 


ethanol (v/v). 


8 Whatman filter paper, No. 4. 
4 All Millipore filter disks used in this investigation were purchased 


from the the Millipore Corp. in 1969. The lot number for 1.2-p pore size 
is 1145. 
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Table I-Absorbances” of the Filtrate after Passing 3 ml. of 
Distilled Water through Different Filter Paperb 


Wave- 
length, - Filter I 7 


m!J 0.025-p 0.220-p 1.20-p Filter I1 


205 0 406 n 278 n n95 


0.062 0.040 0.034 0.027 
240 0,048 0.018 0.004 0.011 
250 0.047 0.017 0.013 0.009 
260 0,039 0.013 0.025 0.008 
270 0 I022 0.013 0.043 0.009 
280 0.015 0.010 0.055 0.007 
290 0.012 0.005 0.019 0.005 
300 0,009 0.003 0.012 0.004 


- 0.003 310 0.009 - 
0.002 320 0.009 - - 


4 All values are the average of three runs. b Area of the filter paper is 
2.5 cm.2. 


compound, was measured before and after the filtration using a Cary 
15 spectrophotometer. Within the concentration range studied, it 
was found that the absorbances of the solutions of all the com- 
pounds followed Beer’s law. 


In the multiple-filtration studies, four aliquots of 3 ml. each of the 
aqueous solutions were passed successively through the same 0.22-p 
Filter I pad; the absorbance of each 3-ml. filtrate was then deter- 
mined. The effect of the rate of filtration on adsorption was also 
studied by the single-filtration method filtered over 30 and 300 sec. 


It was found that both Filters I and I1 contain a fairly large 
amount of water-soluble impurities which can be extracted into the 
filtrate during the filtration process and show optical absorption at 
various wavelengths. Therefore, control experiments were per- 
formed by passing distilled water or appropriate aqueous vehicles 
through filter disks for all adsorption studies reported in this com- 
munication. The extent of adsorption was estimated after making 
such blank corrections. All experiments were run at least in dupli- 
cate. It must be noted the variation of adsorption from different runs 
was generally very small and insignificant. 


Desorption Studies-In desorption studies, 3 ml. of aqueous 
solution was passed through 0.22-p Filter I, the absorbance of the 
filtrate was measured, and the percent adsorbed was determined. The 
filter pad was then removed, the apparatus was thoroughly cleaned, 
and a blank check was run to ensure no contamination. The same 
pad was replaced in the apparatus, and 3 ml. of distilled water or 
0.01 N HC1 (as in the case of warfarin) passed through the pad. The 
absorbance of the filtrate was measured and the percent of chemical 


washed from the filter pad was determined. Additional two or three 
similar washings were carried out on the same pad, and the extent of 
desorption was determined each time. 


Adsorption Equilibrium Studies-Two 0.22-p Filter I disks 
were placed in 15-ml. screw-top culture tubes. Five milliliters of 
various concentrations of griseofulvin or warfarin was added. The 
tubes were stirred at 100 strokes/min. in a constant-temperature 
(29 f 0.5”) water bath shaker (Eberbach Corp.) for 24 hr. The solu- 
tions were drained off the pads and the absorbance at suitable wave- 
lengths was measured. It was found the adsorption equilibrium was 
reached after 24 hr. of shaking. 


RESULTS AND DISCUSSION 


Impurities from Filters-As previously noted (3, a significant 
amount of UV-absorbing impurities could be extracted from Filter 
I and these interfered with the spectrophotometric assay of the 
filtrate at 205 mp during the study of the water solubility of cho- 
lesterol. However, it seems, to date, that no quantitative analysis of 
the impurities has been reported in the literature. The water-soluble 
impurities from Filter I1 also appear to be generally ignored. 


Table I shows the absorbances from 205 to 320 mp of the filtrates 
after passing 3 ml. of distilled water through different filters. It is 
obvious that the absorbance of extracted contaminants increases 
with the decrease of the wavelength except for the 1.2-p Filter I disk 
which shows a minimum absorbance at 240 mp. The absorbance of 
the impurities below 230 mp is so high that it can result in a serious 
error in the quantitativequalitative analysis if not taken into con- 
sideration. It must be noted the absorbance of filtrates decreased as 
the volume of the distilled water filtered increased. This is expected 
because there is only a maximum amount of impurities present. 
Therefore, the effect of the contaminants on the spectrophotometric 
measurements will be greater when working with smaller volumes of 
solutions. It should also be emphasized that the filtering area used in 
these studies is only about 2.5 cm2.  Since much larger filter paper, 
especially Filter I1 type, is usually employed for the filtration pur- 
pose, the amount of extracted impurities will be considerable. This 
investigation does not attempt to determine the exact chemical 
nature of the impurities, although it has been reported in the past 
that Filter I might contain 2-3% of its dry weight as a deter- 
gent (16). It should be noted that the different spectra of the im- 
purities from various pore sizes of Filter I might indicate that they 
contained different water-extracted contaminants and/or different 
quantities of such contaminant. 


Adsorption from Single Filtration through Filter I-Table I1 lists 
the wavelength used for each compound, their initial concentrations 
and absorbances, and the percent adsorbed from the first 3 ml. of the 
filtering solutions by the 0.22- and 0.025-p Filter I pads. It is quite 
surprising to find all 18 compounds with a wide range of solubility 


Table 11-Adsorption of Various Chemicals by Filter I Pads (17.5-mm. Diameter) 


Initial 
Concn., Wave- Initial Chemicals Adsorbed, %” 
mcg./ length, Absorb- 7-- Pore S i v -  


Chemicals ml. mp ance 0.22-p 0.025-p 


m-Nitrobenzoic acid (distd. HzO) 20 270 0.841 
Iopanoic acid 10 230 0.675 
Hydrocortisone 10 247 0.414 
Chloramphenicol 20 276 0.649 
Benzoic acid (0.1 N HCI) 10 230 0.966 
Benzoic acid (distd. H20)  10 225 0.723 
Phenobarbital (0.01 N HCI) 20 223 0.392 
Na-Phenobarbital (distd. H20) 20 240 0.645 
Hydrocortisone acetate 10 247 0.395 
Hexachlorophene 20 314 0.328 
Salicylic acid (0.1 N HCI) 25 303 0.664 
Salicylic acid (distd. H20) 25 302 0.641 
p-Nitrobenzoic acid (0.1 N HCl) 10 264 0.612 
Griseofulvin 10 295 0.717 
Ethinyl estradiol 10 210 0.353 
Warfarin (0.01 N HCI) 10 273 0.329 
Na-Warfarin (distd. HzO) 20 308 0.803 
Digitoxin 10 220 0.190 
Naphthalene 25 276 0.949 
Spironolactone 10 242 0.435 


3.2 4.6 
5.8 0.06 
6.1 9.6 
9.9 14.4 


14.2 46.6 
9.1 2.6 


16.9 23.5 
6.2 6.5 


17.0 35.6 
17.4 64.7 
21.2 69.5 


38.6 94.8 
4.7 0.e 


57.9 1OO.e 
86.0 97.7 
99.4 60.2 


Values obtained after analysis of a 3-ml. filtrate. b Approximate value. 
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CONCENTRATION, mcg./rnl. 


Figure 1-Percent of griseofulvin adsorbed after passing 3 ml. of 
solutions through different filter paper. Key: 0, 0.025-p Filter I ;  0, 
0.22-p Filter I ;  0,1.20-c( Filter I ;  and A ,  Filter I I .  


and chemical structure were adsorbed by the 0.22-p Filter I, ranging 
from 3.2 to 99.4$, This is contrary to the statement given by the 
manufacturer. A range of zero to almost 100% adsorption was 
found for the 0.025-p Filter I. 


From Table I1 several interesting points seem worth discussing. 
1. Adsorption by Filter I probably exists for every organic 


compound. Hence, one should check this possibility whenever they 
are intended to be used for quantitative separation. A warning of the 
possible adsorption should be stated in the brochure by the manu- 
facturer. 


2. It is recommended that the adsorption problem should be 
checked when using other types of Millipore filters (Duralon and 
Mitex). They were not studied in this investigation. 


3. As will be further discussed later, the extent of adsorption 
seems to relate to the pore size of filters: the smaller the pore size, 
the more the adsorption. This might be due to the higher specific 
surface area available for adsorption in the smaller pore size filters. 
This is demonstrated in the table, where a majority of compounds 
show higher adsorption by the 0.025-p Filter I. It is, however, possi- 
ble that the presence of different amounts or nature of the water- 
extractable impurities may also affect the degree of adsorption. The 
effect of the removal of these impurities on adsorption seems worth 
further study. 


4. The water solubility of compounds also appears to relate to the 
adsorption: the lower the solubility, the stronger the adsorption. 
This is illustrated by the generally lower adsorption of the more 
soluble compounds listed at the top of the table (iopanoic acid is an 
exception). One interesting example is hydrocortisone and hydro- 


* 1 0 r. 0 


Y A 
0.0 - - - - - - - - - -  c L A  


10 20 30 
CONCENTRATION, rncg./rnl. 


Figure %Percent of warfarin adsorbed afrer passing 3 ml. of solu- 
tions through different filter paper. Key: 0, 0.025-p Filter I;  0, 
0.22-p Filter I;  0 ,1 .20 -p  Filter I ;  andA, Filter II. 


cortisone acetate. Both have similar chemical structures. However, 
hydrocortisone acetate, with much less water solubility, shows 
greater adsorption. 


5.  The ionic forms are generally much less adsorbed than their 
nonionic forms. This is clearly shown by warfarin, phenobarbital, 
benzoic acid, and salicylic acid. It indicates that the ionic bonding 
between organic adsorbates and filter adsorbents is not significant 
in contributing to adsorption. The adsorption between them may 
mainly be due to  hydrophobic and hydrogen bonds. 


6. The importance of the van der Waals force in causing adsorp- 
tion is demonstrated by the high adsorption of naphthalene, a fully 
conjugated flat hydrocarbon. 


7. It should be pointed out that the concentrations of several com- 
pounds listed in Table I1 such as hydrocortisone acetate (17), ethinyl 
estradiol (17), digitoxin (18), griseofulvin (6), and spironolactone 
(the authors' preliminary study) are approximately equal to their 
water solubility. A serious error in the solubility value may be made 
if one uses these filters and ignores their adsorption problem. It is 
also possible the discrepancy of the reported solubilities of many 
compounds in the literature (5, 17) might be attributed to the im- 
purity, contamination and adsorption by the filters. Cholesterol 
might represent a good example. It is quite startling to find from the 
literature that this biologically important steroid has an extremely 
wide range of reported water-solubility values: 0.025 mcg./ml. at 
30" from Saad and Higuchi ( 5 ) ;  about 2.0 mcg./ml. from the Merck 
Index (18) and Gemant (19); 52 mcg./ml. from Lange and Amund- 


'Oo.O r 
q ,+ 60.0 


g 20.0 
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CONCENTRATION, mcg./rnl. 


Figure 2-Percent of spironolactone adsorbed after passing 3 ml. 
of solutions through different filter paper. Key: 0, 0.22-p Filter I ;  0, 
0.025-p;,Filter I ;  0,1.20-p Filter I ;  andA, Filter 11. 
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SEQUENCE OF 3-rnl. FILTRATION 


Figure 4-Adsorption of four chemicals by 0.22-p Filter I pads after 
repetitive filtration of 3 ml. aqueous solution. Key: 0, naphthalene 
(initial concentration, 7.6 mcg./ml.); A ,  spironolactone ( l o  mcg./m/.); 
0, warfarin (0.01 N HCI, I0 mcg./ml.); 0, griseofulvin (5 mcg./m/.); 
and 0, ethinytyl estradiol (I0 mcg./ml.). 
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Table 111-Effect of Filtration Rate on Adsorption by Filter I 
Pad, 0.22-p Pore Size 


Chemicals 
% Adsorbed-- 


30 set." 300 set.= 


Salicylic acid 
(0.1 N HCI: 25 mcdml.) 21.2 2 7 . 3  


I 


o-Nitrobenzoic acid 
(0.1 N HCI; lbicg./ml.) 25.8 46.6 


(distd. H20; 10 mcg./ml.) 28.9 29.1 


(0.01 N HCI; 30 mcg./ml.) 3 3 . 7  36.6 


Griseofulvin 


Warfarin 


a Filtration time of 3 ml. aqueous solution. 


son (20); and 2600mcg./ml. from the “Handbook of Chemistry and 
Physics” (21) which cites the value from Dehn (22). Although the 
solubility of a compound may vary with its particle size, crystalline 
form, and electric charge of particles (23), it is believed these factors 
could not explain a 10,000-fold difference. 


Adsorption by Filters I and I1 uersus Concentrations-The per- 
cent of adsorption at different concentrations of three compounds, 
griseofulvin, spironolactone, and warfarin, by Filter I1 and three 
different pore sizes of Filter I is shown in Figs. 1-3. The percent 
adsorbed was found to vary with the type of filters, Filter I Liersus 
Filter 11, the pore size of Filter I, and finally the concentration of 
each compound. The decreasing degree of adsorption by the four 
different filters is generally in the following order: 0.025-p Filter I > 
0.22-p Filter I > 1.2-p Filter I > Filter 11. 


Adsorption from Multiple Filtration through Filter I-The per- 
cent of adsorption from the multiple filtration of five compounds, 
i.e., spironolactone, griseofulvin, ethinyl estradiol, warfarin, and 
naphthalene, through the 0.22-p Filter I is shown in Fig. 4. The 
extent of adsorption of all compounds studied decreased as the 
volume of filtering solutions increased. This is not unexpected be- 
cause the adsorption site is usually saturable. The adsorption 
capacity of Filter I toward the naphthalene molecule is, however, 
surprisingly high, as evidenced by the least steepness of the slope in 
Fig. 4, and 85% of naphthalene was still adsorbed in the fourth 
filtration through the same filter. 


Effect of Filtration Rate on Adsorption-From the practical 
point of view, it is also interesting and important to know whether 
the filtration rate will affect the adsorption, since different rates 
may be employed at different occasions by the same or different 
workers. The results obtained from four compounds after filter- 
ing through 0.22-p Filter I are shown in Table 111. A 10-fold dif- 
ference in the filtration rate did indeed result in a change in the 
degree of adsorption. The slower the filtration rate, the more was 


80.0 - 
2 
t 
ct 2 60.0 - 
W 


LL 
n 


* 40.0 - 


I I 1 I 
3 6 9 12 


CUMULATIVE VOLUME OF WATER WASHING, ml. 


Figure 5-Cumulative desorption of four chemicals from 0.22-p 
Filter I pads afier previous filtration of 3 ml. aqueous solution. Key: 
0, spironolactone (initial filtered concentration, 10 mcg./ml.); 
A, naphthalene (7.6 mcg./ml.); 0, salicylic acid (HxO; 25 mcg./ml.); 
ando, warfarin (0.01 N HCI: 20 mcg./ml.). 


1.6 


1.4 
Ql 


c3 s 


1.2 


I I I I I 
-0.1 0.0 0.1 0.2 0.3 


LOG C 


Figure 6-Freundlich adsorption isotherm of griseofulciii (0.22-p 
Filfer I ) .  


the adsorption. Some compounds like p-nitrobenzoic acid and 
salicylic acid are sensitive to the rate while some are not. 


Desorption Studies-Desorption experiments on four compounds, 
i.e., spironolactone, naphthalene, salicylic acid, and warfarin, were 
run to study further the binding nature of adsorption on Filter I. The 
results are shown in Fig. 5. The fact that the adsorbed compounds 
could be washed from the filter indicates a reversible characteristic of 
the adsorption. The strong van der Waals bonding between the 
naphthalene and Filter I is once again demonstrated by the least 
desorption of naphthalene. Only 6% of the adsorbed naphthalene 
was washed away by 12 ml. of distilled water. 


Adsorption Equilibrium-Table IV represents equilibrium ad- 
sorption data for griseofulvin and warfarin. The percent adsorbed 
was found to be almost independent of initial concentration.The 
plots of Freundlich adsorption isotherms are shown in Figs. 6 
and 7 in which q represents micrograms of compounds adsorbed 
by the two filter disks used for each study, and c, in micrograms per 
milliliter, is the concentration of the solutions at equilibrium. 


SUMMARY 


1.  Eighteen acidic and neutral organic compounds with a wide 
range of water solubility and chemical structure were studied for 
their adsorption to Filters I and 11. The adsorption on the 0.22- and 
0.025-p Filter I varied from zero to almost 100% during the single- 
filtration studies. The adsorption on Filter I1 was low or negligible. 


2. Water-soluble compounds generally showed a lower tendency 
for adsorption. 


Table IV-Data Showing Equilibrium Adsorption of 
Griseofulvin and Warfarin by 0.22-p Pore Size Filter I 


Initial Concn., 
Chemicals mcg./ml. 2 Adsorbed 


Griseofulvin 


Warfarin 


4 . 0  
6.0 
8.0 


10.0 
5.0 


10.0 
20.0 
3 0 . 0  


81.2 
80.7 
8 3 . 5  
82.5 
99.4 
98.8 
98.4 
98.4 
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2.2 


1.8 
CI s 


1.4 


-1.4 -1.1 -0.8 -0.5 
LOG C 


Figure 7-Freundlich adsorption isotherm of warfarin (0.22-p Filter 
0. 


3. Ionic salts were less adsorbed than their neutral forms. 
4. The adsorption of a compound might vary with its concentra- 


tion, volume of the solution filtered, filtration rate, and the pore size. 
5.  The adsorption was found to be reversible. The adsorption at 


equilibrium could be represented by Freundlich adsorption isotherm 


6. Water-soluble impurities from Filters I and I1 were studied 
spectrophotometrically. Their absorbances below 230 mp were 
found to be considerably high. 


7. The possible effects of adsorption and impurities from filters on 
the quantitative-qualitative chemical analysis were discussed. 


plots. 
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Polytetrafluoroethylene Coating as a Suppository 
Mold Releasing Agent 


H. W. PUFFER and PAMELA A. BARNETT 


Abstract The release quality of suppository molds with either 
smooth or damaged polytetrafluoroethylene coated or uncoated 
cavity surfaces was compared using four different suppository 
bases. The release of suppositories from damaged molds was im- 
proved by coating the damaged cavity surfaces with polytetra- 
fluoroethylene. Such a coating did not appreciably improve the 
release characteristics of new molds. 


Keyphrases 0 Polytetrafluoroethylene coating-suppository mold 
0 Suppository molds-suppository releasing agent 


The fusion or melting-casting process is a popular 
method in the preparation of suppositories (1). How- 
ever, sticking of the suppositories to the cavity surface 
can become a problem, particularly with worn or 
damaged molds. To obviate this problem, some author- 
ities (2, 3) recommend coating the cavity surfaces of the 
mold with a lubricant such as mineral oil or green soap 
tincture. Obviously such a step requires time and is 
inconvenient. Lubricants used in this manner may also 
be deposited as a thin film on the surface of the sup- 
pository. It would seem best to avoid the use of lubri- 
cants entirely. 


Similar problems of sticking in industrial molds have 
been prevented or reduced by using polytetrafluoro- 
ethylene' (4, 5) ,  an inert plastic homopolymer. Poly- 
tetrafluoroethylene has the advantage of imparting anon- 
stick finish to the mold. This study, therefore, was under- 
taken to evaluate polytetrafluoroethylene as a mold 
releasing agent in the fusion method of molding supposi- 
tories. 


EXPERIMENTAL 


Materials-The four molds used in this study were constructed 
of nickel-plated brass, having outside dimensions of 14.7 X 3 X 
3.7 cm. and weighing 1261 g. each. They were of the divided type, 
aligned by two affixed pins and secured by two thumbscrews. Each 
mold contained six Wellcombe-shaped cavities having a capacity 
of 2 g. each. Two of the molds were new and their surfaces were 
smooth and polished. Two of the molds were badly damaged by 
severe scratches and chemical erosion. One new mold and one 
damaged mold were custom coated2 with polytetrafluoroethylene. 


The following suppository bases were used: (a) theobroma oil 
BP,a (b) suppository base 11,4 ( c )  glycerinated gelatin USP? and 
(6, polyethylene glycol containing polyethylene glycol 1000," 50%, 
and polyethylene glycol 4000: 50%. 


Procedure-The theobroma oil and suppository base I1 were 
melted and maintained molten, using a constant-temperature 


1 Teflon, E. I. du Pont de Nemours, Inc., Wilmington, Del. 
2 Custom coating applied by Plastic Coatings Ltd., Christchurch 1, 


8 Kempthorne Prosser and Co., Dunedin, New Zealand. 
4A base composed of special, hardened, fatty alcohols and fats, 


6 The gelatin and glycerin used in this base were supplied by Kemp- 


6 Union Carbide Corp., New York, N. Y. 
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New Zealand. 


marketed by Henkel International GMBH, Dusseldorf, Germany, 


thorne Prosser and Co., Dunedin, New Zealand. 


Table I-Suppository Release from Polytetrafluoroethylene 
Coated and Uncoated Molds Using Various Bases 


Time 
Before 


Un- 
molding, 


mm. 


1 


2 


3 


4 


6 


8 


10 


12 


Condi- 
tion of 
Molds 


N 
NP 
DP 
D 
N 
N P  
DP 
D 
N 
NP 
DP 
D 
N 
NP 
DP 
D 
N 
NP 
DP 
D 
N 
NP 
DP 
D 
N 
NP 
DP 
D 
N 
NP 
DP 
D 


Number of Suppositories 
-Released from Moldsb 


Theo- Suppos- Glycer- Poly- 
broma itory inated ethylene 


Oil Base I1 Gelatin Glycol 


0 6 17 21 
0 3 20 25 
0 5 19 28 
0 0 8 12 
2 12 29 25 


12 39 29 


8 24 48 40 
4 15 20 32 -~ _ _  


23 42 46 51 
14 40 49 52 
15 36 50 53 
9 22 47 45 


45 43 56 60 
41 44 50 60 .. _. 


42 42 48 60 
25 27 44 60 
55 56 60 60 
45 51 59 60 
44 51 58 57 


60 57 59 60 
60 60 60 60 
59 60 60 60 
42 48 43 56 


a Key: N, new mold with smooth polished cavity surfaces; NP, new 
mold with polytetrafluoroethylene-coated cavity surfaces; DP, damaged 
mold with polytetrafluoroethylene-coated cavity surfaces; D, damaged 
mold with scratched and eroded cavity surfaces. 6 For each time period, 
10 lots containing six suppositories were formed for each of the possible 
suppository base-mold surface combinations. Each figure represents 
the quantity of perfectly formed suppositories released from the mold 
(60 suppositories maximum possible for each figure). 


water bath: at a temperature of 36.5 i 0.5". The polyethylene 
glycol base was similarly prepared and used at a temperature of 54.5 * 0.5". Glycerinated gelatin base was prepared according to  the 
USP (6) method and maintained molten with the water bath at a 
temperature of 46.5 A 0.5". Each base was prepared and used as a 
single batch throughout the study. 


For each time period (Table I), 10 lots containing six suppositories 
were formed for each of the possible suppository base mold surface 
combinations. The molten base was removed from the water bath 
and poured continuously to form each lot. After pouring, each lot of 
suppositories was allowed to solidify at room temperature, 17 & 3 O ,  


for the designated time. At the end of the time period, the supposi- 
tories were removed from the mold, and the quantity of perfectly 
formed suppositories released from the mold was counted. After use, 
the molds were allowed to stand and equilibrate with room tempera- 
ture before being used again. 


7 Constant-temperature water bath, type SB 3, manufactured by 
Grant Instruments (Cambridge) Ltd., Barrington, Cambridge, England. 







Table II-Total Suppositories Released from Each Type Mold 


New Mold, Damaged Mold, 
Suppository New Mold, Polytetrafluoro- Polytetrafluoro- Damaged Mold, 


Base Uncoated ethylene Coated ethylene Coated Uncoated 


Theobroma oil 260 224 225 148 
Suppository base I[ 30 1 29 1 284 213 
Glycerinated gelatin 368 381 382 28 1 


Total 1306 1279 1287 986 
Polyethylene glycol 377 383 396 344 


of maximum 
possible yielda 68.0 66.6 67.0 51.4 


a Maximum possible yield was 1920 suppositories. 


RESULTS AND DISCUSSION 


Polytetrafluoroethylene was most effective in improving the re- 
lease of suppositories composed of a fatty base and had little effect 
on the release of polyethylene glycol suppositories after the first 6 
min. (Table I). Coating the molds with polytetrafluoroethylene did 
not decrease appreciably the time required for the molds to stand 
before removing the suppositories (Table I). As indicated in Table 
11, there was little difference in the number of suppositories released 
from polytetrafluoroethylene-coated molds uerms the new mold with 
smooth cavity surfaces. However, the release qualities of the dam- 
aged mold that had been coated with polytetrafluoroethylene ap- 
peared to be very much improved and approximated that of the new 
molds (Table 11). With the assumption that 12 min. is adequate for 
complete solidification of the four bases tested, the experimental 
results indicate an increase of approximately 2 0 z 8  in the yield of 
suppositories from damaged molds that were polytetrafluoro- 
ethylene coated. According to these results, badly damaged molds 
could be restored by coating their surfaces with polytetrafluoro- 
ethylene. However, there would be little advantage in poly- 


~ ~~ 


8CalcuIated using data from the 12-min. time period, Table I, 
as follows: damaged molds (D) yield 42+48+43+56 = 189 supposi- 
tories, damaged molds polytetrafluoroethylene coated (DP) yield 
59+60+60+60 = 239; 239-189 = 50 suppositories; 501239 = 
20.5 Z. 


tetrafluoroethylene coating new molds. The cost of the coating is 
relatively inexpensive and substantially less than buying a new mold. 
The coating is easily damaged and, as with new molds, the surfaces 
should be handled carefully. 
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N O T E S  


Gas Chromatographic Determination of 
N-r-Phenylpropyl-N-benzyloxy Acetamide (W-1372) in Blood 


J. F. DOUGLAS and J. A. STOCKAGE* 


Abstract 0 A procedure is described for the determination of N- 
7-phenylpropyl-N-benzyloxy acetamide (W-1372) in plasma or 
whole blood. W-1372 is extracted from plasma with hexane and 
measured quantitatively by gas chromatography. The technique is 
simple, reproducible, and accurate in the range of 1-10 mcg./ml. 
Dibutyl phthalate is used as the internal standard for quantitation 
by the relative peak area method. 


Keyphrases N-7-Phenylpropyl-N-benzyloxy acetamide (W-1372) 
--determination, blood 0 Blood-W-1372 drug determination 
GLC-analysis 


W-1372 is a new hypolipidemic agent which has 
been shown by Berger et al. (1, 2) to retard athero- 
sclerotic lesions and reduce blood cholesterol in 
animals maintained on a hypercholesteremic diet. 
This manuscript describes a procedure for the quan- 
titative determination of W-1372 in blood. 


EXPERIMENTAL 


Equipment and Reagents-An F and M model 402 dual- 
column gas chromatograph, equipped with a hydrogen-flame 


Figure 1-Gas chromatograms of human pfasma treated as des- 
cribed. Left: Chromatogram from normal plasma. Right: Chroma- 
togram from normalplasma with 10 mcg./ml. of W-1372added. 


TabIe I-Recovery of W-1372 Added to  Human Plasma 


mcg./ml. Added Recovery, z5 
2.0 
5.0 


10.0 


99.2 f 1.0 
98.0 f 1.1 
98.3 f 0.6 


a Values are the mean of quadruplicate determinations and are given 
with their standard error. 


ionization detector and a 1-mv. Minneapolis-Honeywell recorder, 
was employed. The chromatographic columns used were 1.23-m. X 
0.63-em. (4-ft. X 0.2541.) glass tubes packed with 3.8 methylvinyl 
silicone gum rubber (W98) on 80-100 mesh Diataport S. The 
temperatures used were: column, 200"; injection port, 275"; and 
detector block, 225 '. Carrier gas (helium) flow was 60 ml./min. 


Sensitivity settings were range 10 with an attenuation factor of 
4X. The reagents were redistilled hexane, redistilled chloroform, 
and dibutyl phthalate (Eastman). The retention times under these 
conditions are 4.8 min. for W-1372 and 1.6 min. for dibutyl phthalate 
(Fig. 1). 


Procedur-Plasma or whole blood, 1.0 ml., was extracted with 
10 ml. of hexane, and 8.0 ml. of the organic solvent was removed and 
evaporated to dryness in a stream of nitrogen. For drug concentra- 
tion greater than 10 mcg./ml., the specimen was diluted with 
physiological saline to an appropriate volume prior to extraction. 
The dried sample was dissolved in 0.1 ml. of chloroform containing 
1.0 mcg. of dibutyl phthalate, and 2.6 pl. of this solution was in- 
jected into the gas chromatograph. The concentration of W-1372 


0 2.0 4.0 6.0 8.0 10.0 
W-1372, mcg./ml. 


Figure 2-Relationship between relative peak area and W-1372 
concentration in plasma. 
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Table II-Blood Concentrations of W-I372 in Several Species 
after Intravenous Administration" 


Time, min. W-1372, mcg./ml. 


1 
5 


15 
30 
60 


Dog, 20 mg./kg. 
11.9 
6.1 
1.1 


Trace 
Trace 


Squirrel Monkey, 25 mg./kg. 
1 28.9 


10 3.9 
30 2.0 


Cebus Monkey, 25 mg./kg. 
1 


10 
30 


9.2 
3 . 8  


Trace 


0 Values are the average of two animals. The amount of drug given 
is as indicated. 


was determined by the relative peak area method, using dibutyl 
phthalate as the internal standard. 


RESULTS AND DISCUSSION 


W-1372 can be quantitated gas chromatographically when the 
relative peak area is used as an index of concentration. The rela- 
tionship between relative peak area and drug concentration in the 
range of 1-10 mcg./ml. of plasma is illustrated in Fig. 2. The re- 
producibility of the procedure, as indicated by the standard error 


of quintuplicate determinations, is also shown in Fig. 2. The re- 
covery of W-1372 was 98-99%, as shown in Table I. 


The extraction procedure effectively separates W-1372 from 
normal interfering plasma constituents, since determinations in 
normal plasma of humans (Fig. l), dogs, or monkeys give little 
or no blank (<0.1 mcg./ml.). The known major metabolites of W- 
1372-benzoic acid, hippuric acid, and N-y-phenylpropyl-N-benzyl- 
oxyamine (3)-do not interfere. 


The blood-depletion pattern of W-1372 following intravenous 
administration was studied in the dog, squirrel monkey, and Cebus 
monkey. The results (Table 11) indicate that the drug is rapidly 
removed from the blood, with only trace amounts present after 
30 min. in the dog and Cebus monkey and a low level present at 
this time in the squirrel monkey. A previous study (3) has shown 
that the plasma half-life of radioactivity following oral administra- 
tion of W-1372-benzyl-14C is 4 hr. in the squirrel monkey and 12 hr. 
in the dog. 
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Mechanism of Action of Retinyl Compounds 
on Wound Healing I: Structural Relationship 
of Retinyl Compounds and Wound Healing 


K. H. LEE and THEODORE G. TONG 


Abstract 0 Retinol, retinyl acetate, and retinoic acid promote 
wound healing. Retinoic acid is most active. Beta-carotene is active, 
while lycopene is inactive; @-ionone is active and cu-ionone is 
inactive. For full activity, the compound should contain a &ionone 
ring, a conjugated double-bond side chain, and a terminal car- 
boxylic acid side chain. 


Keyphrases 0 Retinyl compounds, activity-structural relation- 
ship Wound healing-retinyl compound effect 0 GLC-separa- 
tion 0 NMR spectroscopy-identity 


In  a previous report, it was shown that local applica- 
tion of retinol, retinyl acetate, or retinoic acid, dissolved 
in a nonionic base (NIB), promotes skin wound healing 
(1). Retinoic acid is relatively more effective than retinol 
or retinyl acetate. The fact that retinol, retinyl acetate, 
and retinoic acid are all effective when applied locally 
on the skin wound indicates that the primary alcohol 


group is not essential in promoting wound healing. It 
is of interest, therefore, to study the structural relation- 
ship of the other part of the retinol molecule for wound- 
healing activity. The compounds evaluated in this inves- 
tigation are 0-carotene, lycopene, @-ionone, and a- 
ionone. 


Beta-carotene has the same ring structure and con- 
jugated double-bond hydrocarbon side chain as retinol. 
It should show activity on wound healing as ret- 
inol. Lycopene has essentially the same structure as 
0-carotene but differs from the latter in not having the 
closed ring structure at either end of the molecule. Beta- 
ionone, on the other hand, has the same cyclohexene 
ring but does not have the same length of hydrocarbon 
side chain as retinol or 0-carotene. Alpha-ionone differs 
from @-ionone by the position of the double bond in the 
cyclohexene ring and does not conjugate with the side 
chain. The structure-activity relationships of these com- 
pounds to wound healing are discussed. 
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Table II-Blood Concentrations of W-I372 in Several Species 
after Intravenous Administration" 


Time, min. W-1372, mcg./ml. 


1 
5 


15 
30 
60 


Dog, 20 mg./kg. 
11.9 
6.1 
1.1 


Trace 
Trace 


Squirrel Monkey, 25 mg./kg. 
1 28.9 


10 3.9 
30 2.0 


Cebus Monkey, 25 mg./kg. 
1 


10 
30 


9.2 
3 . 8  


Trace 


0 Values are the average of two animals. The amount of drug given 
is as indicated. 


was determined by the relative peak area method, using dibutyl 
phthalate as the internal standard. 


RESULTS AND DISCUSSION 


W-1372 can be quantitated gas chromatographically when the 
relative peak area is used as an index of concentration. The rela- 
tionship between relative peak area and drug concentration in the 
range of 1-10 mcg./ml. of plasma is illustrated in Fig. 2. The re- 
producibility of the procedure, as indicated by the standard error 


of quintuplicate determinations, is also shown in Fig. 2. The re- 
covery of W-1372 was 98-99%, as shown in Table I. 


The extraction procedure effectively separates W-1372 from 
normal interfering plasma constituents, since determinations in 
normal plasma of humans (Fig. l), dogs, or monkeys give little 
or no blank (<0.1 mcg./ml.). The known major metabolites of W- 
1372-benzoic acid, hippuric acid, and N-y-phenylpropyl-N-benzyl- 
oxyamine (3)-do not interfere. 


The blood-depletion pattern of W-1372 following intravenous 
administration was studied in the dog, squirrel monkey, and Cebus 
monkey. The results (Table 11) indicate that the drug is rapidly 
removed from the blood, with only trace amounts present after 
30 min. in the dog and Cebus monkey and a low level present at 
this time in the squirrel monkey. A previous study (3) has shown 
that the plasma half-life of radioactivity following oral administra- 
tion of W-1372-benzyl-14C is 4 hr. in the squirrel monkey and 12 hr. 
in the dog. 
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Mechanism of Action of Retinyl Compounds 
on Wound Healing I: Structural Relationship 
of Retinyl Compounds and Wound Healing 


K. H. LEE and THEODORE G. TONG 


Abstract 0 Retinol, retinyl acetate, and retinoic acid promote 
wound healing. Retinoic acid is most active. Beta-carotene is active, 
while lycopene is inactive; @-ionone is active and cu-ionone is 
inactive. For full activity, the compound should contain a &ionone 
ring, a conjugated double-bond side chain, and a terminal car- 
boxylic acid side chain. 


Keyphrases 0 Retinyl compounds, activity-structural relation- 
ship Wound healing-retinyl compound effect 0 GLC-separa- 
tion 0 NMR spectroscopy-identity 


In  a previous report, it was shown that local applica- 
tion of retinol, retinyl acetate, or retinoic acid, dissolved 
in a nonionic base (NIB), promotes skin wound healing 
(1). Retinoic acid is relatively more effective than retinol 
or retinyl acetate. The fact that retinol, retinyl acetate, 
and retinoic acid are all effective when applied locally 
on the skin wound indicates that the primary alcohol 


group is not essential in promoting wound healing. It 
is of interest, therefore, to study the structural relation- 
ship of the other part of the retinol molecule for wound- 
healing activity. The compounds evaluated in this inves- 
tigation are 0-carotene, lycopene, @-ionone, and a- 
ionone. 


Beta-carotene has the same ring structure and con- 
jugated double-bond hydrocarbon side chain as retinol. 
It should show activity on wound healing as ret- 
inol. Lycopene has essentially the same structure as 
0-carotene but differs from the latter in not having the 
closed ring structure at either end of the molecule. Beta- 
ionone, on the other hand, has the same cyclohexene 
ring but does not have the same length of hydrocarbon 
side chain as retinol or 0-carotene. Alpha-ionone differs 
from @-ionone by the position of the double bond in the 
cyclohexene ring and does not conjugate with the side 
chain. The structure-activity relationships of these com- 
pounds to wound healing are discussed. 
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EXPERIMENTAL 


Materials and Chemicals-Synthetic crystalline, @-carotene, 
Sigma grade, Type 1, and crystalline lycopene, Blakeslea trispora 
origin, were obtained from Sigma Chemical Co., St. Louis, Mo. 
Sodium salicylate and salicylic acid, reagent grade, were obtained 
from J. T. Baker Chemical Co., Phillipsburg, N. J. The prednisone 
used was a product of The Upjohn Co.,  Kalamazoo, Mich. Non- 
ionic base and 1 % hydrocortisone in NIB were prepared by the 
Pharmaceutical Technology Laboratory, San Francisco Medical 
Center, San Francisco, Calif. Beta-ionone ( n 9  1 S84) and a-ionone 
(n? 1.5030), 77 Z, were obtained from Aldrich Chemical Co., Inc., 
Milwaukee, Wis. 


Purification of a-Ionone-The purities of the ionones were mea- 
sured by their spectra (Analytical NMR Spectrometer, model A-60A, 
Varian Associates, Palo Alto, Calif.). Beta-ionone, as purchased, 
was a pure preparation, while a-ionone contained 31 % of the p- 
isomer. The isomers were separated by using a preparative gas 
chromatograph (Varian Aerograph, model 700, Walnut Creek, 
Calif.). A FFAP column, 3.04 m. X 0.95 cm. (10 ft. X 0.37 in.j, at 
190" was used. The separation was complete and satisfactory. Both 
fractions collected were pure as measured by an NMR spectrometer. 
The NMR spectra are shown in Fig. 1. 


Application of NIB Preparations-NIB preparations were ap- 
plied, with gentle rubbing, directly on the sutured wound right 
after wounding. The application was repeated, once a day, on the 
1st and 2nd days after wounding. For the control, only NIB was 
applied. 


Administration of Drugs-Sodium salicylate, dissolved in a small 
amount of water and prednisone suspended in corn syrup, was 
fed to the rats daily for 4 days through a short stomach tube 
connected to a blunt hypodermic needle attached to a 50-ml. 


syringe, starting 1 day before operation. The dosage levels for 
sodium salicylate and prednisone were 50 and 2.5 mg. per rat per day, 
respectively. 


Wound Procedure-Sprague-Dawley male rats, weighing 230-240 
g., were anesthetized with ethyl ether in an open mask. The hair 
on the back was depilated with an electric clipper. One incision, 6 
cm. in length, was made through the skin and underlying muscula- 
ture at a distance about 1.5 cm. from the midline on each side; no 
ligatures were used. Bleeding usually ceased after a few minutes. 
The incisions were closed with continuous through-and-through 
sutures with stitches 0.5 cm. apart. Black silk surgical thread and a 
curved needle were used. The continuous suture was pulled tight 
enough to secure good adaptation of the wound edges. The wounds 
were left undressed. 


Measurement of Healing-Tensile strength, the force required to 
open a healing skin wound, was used to measure healing(2). On the 
7th day after wounding, the tensile strength of the wound was 
measured with a simple laboratory-made tensiometer. The ten- 
siometer consisted of a 15.24 X 30.48-cm. (6 X 12-in.) board with 
one post, 10.16 cm. (4 in.) long, fixed on each side of the long ends. 
The board was placed at the end of a table. A pulley, with bearing, 
was mounted on the top of one post. A battery clamp, with 1-cm. 
clamp width, was tied to the tip of the post without a pulley by a 
piece of 20-lb. test monofilament fishing line so that the clamp could 
reach the middle of the board. Another battery clamp was tied to 
a long piece of fishing line with a 1-1. polyethylene bottle tied to the 
other end. Before testing, the animal was anesthetized with ethyl 
ether in an open mask. The sutures of the wound were cut out with 
a pair of scissors. The animal was then placed on a stack of paper 
towels on the middle of the board. The amount of the towels could 
be adjusted so that the wound was on the same level as the tips ofthe 
posts. The clamps were then carefully clamped on the skin at the 
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Table I-Structural Formulas of the Retinyl Compounds Studied 


CHJ CH, 
I I I. Retinol (vitamin A) CH=CHC=CHCH=CHC=CHCH@H 


0 
II 


CH, CH, I I I t .  Retinyl acetate CH=CHC=CHCH=CHC=CHCH,OCCH, 


CHj CH, 0 
I I I1 111. Retinoic acid CH=CH-C=CHCH=CHC=CHCOH 


CH, CH, 
I 


IV. @-Carotene 


V. Lycopene 


CH t CH, CH, 
I I I CH=CHC=CHCH=CHC=CHCH=CHCH=CCH=CHCH=CCH=CH 


opposite sides of the wound at a distance 0.5 cm. from the wound. 
The longer piece of fishing line was placed on the pulley, and the 
position of the board was adjusted so that the polyethylene bottle 
was freely hanging in the air. Water was added to the polyethylene 
bottle at a rapid but constant rate from a large reservoir (20-1. 
bottle) until the wound began to open. The amount of water in the 
polyethylene bottle was weighed and considered as the tensile 
strength of the wound. Two to three determinations were made on 
each wound. The mean of the determinations made on wounds on 
both sides of the animal was taken as the tensile strength of the 
wound. 


RESULTS AND DISCUSSION 


The structural formulas for the compounds are shown in Table I. 
The fact that retinol, retinyl acetate, and retinoic acid are all 


active in promoting wound healing indicates that the primary 
alcohol group is not essential (1). Beta-carotene, the natural pre- 
cursor of retinol, has essentially the same trimethylcyclohexene ring 
and conjugated double-bond hydrocarbon side chain as retinol 
(Compound IV, Table I). The results of the effect of 8-carotene on 
skin wound healing in rats are summarized in Table 11. The mean 
tensile strength of the NIB control is 451 & 9 g. (Group I). The mean 
tensile strength of Group I1 animals to which 8-carotene in NIB was 
applied is 514 + 7 g. The increase in tensile strength as compared 
with the control is 14%. The mean tensile strength of Group 111 
animals receiving 8-carotene in isopropyl myristate (IPM) is 515 i 9 


g., which is 14% higher than that of the control and is essentially 
the same as that of Group I1 animals. This also indicates that neither 
NIB nor IPM affects healing. The results from Group V and Group 
VII animals have definitely shown that topical application of 8- 
carotene, like retinoic acid, reverses the healing-inhibitory action 
caused by oral administration of sodium salicylate or prednisone, 
as shown in Group IV and Group VI (1). 


The effects of lycopene and ionones on wound healing are shown 
in Table 111. Lycopene has essentially the same structure as 8- 
carotene, except that it does not have the closed ring structure at 
either end of the molecule (Compound V, Table I). The mean 
tensile strength of Group I1 animals receiving 1 lycopene in NIB 
topically is 418 f 5 g. It is clear that lycopene does not promote 
healing and, instead, it has a mild inhibitory effect. 


Beta-ionone has essentially the same trimethyl cyclohexene ring 
structure as retinol or 0-carotene, except that it does not have the 
same side chain (Compound VI, Table I). The mean tensile strength 
of the healing wound of animals receiving topical application of 1 % 
0-ionone in NIB is 497 f 11 g., which is 110% of the control (Group 
111). Beta-ionone is less active than 0-carotene. 


On the other hand, cu-ionone, the isomer of 0-ionone (the only dif- 
ference being the position of the double bond in the trimethyl cyclo- 
hexene ring) does not have any activity in prom3ting healing. The 
mean tensile strength of the rats receiving 1 % of a-ionone in NIB 
is 453 + 6 g. (Group IV). It is interesting to point out the well-known 
fact that the or-isomer of retinol also does not have any vitamin 
A activity. The results from the foregoing structural relationship and 


Table 11-Effect of Topical Application of &Carotene on Wound Healing 
~ ~ ~ ~~ ~~ ~ ~ ~ 


No. of Drugs Given 7 Mean Tensile Percent 
Group Animals Orally Topically Strength, g. Control 


- 
- 


I 14 
I1 16 


I11 10 


IV 8 NaSA 
V 8 NaSA 


- 


NIB 451 =t 9 100 
1 % 8-Carotene 514 + 7 114 


1 % 0-Carotene 515 =t 9 114 


- 358 10 79 


in NIB 


in IPMa 


1 % @-Carotene 478 f 15 106 
in IPM 


VI 
VII 


.~~ ~~ ~ 


7 Prednisone - 346+ 11 
9 Prednisone 1 0-Carotene 445 + 11 


in IPM 


77 
99 


a Isopropyl myristate. 
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Table 111-Effect of Topical Application of Lycopene and 
Ionones on Wound Healing 


_______ ~~ ~~ 


Mean Tensile 
No. of Drugs Strength, g. 


Group Animals Applied f SE 


I 14 NIB Control 451 i 9 
I1 8 1 % Lycopene in NIB 418 =k 5 


IV 8 1 d o n o n e  in NIB 453 It 6 
I11 9 1 8-Ionone in NIB 497 It 11 


wound-healing promotion activity studies indicate that p-ionone 
ring and conjugated double-bond hydrocarbon side chain and 
terminal carboxylic group are responsible for the full healing- 
promotion activity. 


Tetrameric Structure and Conformation of 
Heat-Microaggregated Human Serum Albumin 


JOEL KIRSCHBAUM 


Abstract 0 13lI-labeled heat-microaggregated human serum albumin 
is a colloid used in a method that measures liver blood flow through 
a determination of the rate of removal of microaggregates from the 
circulation. The heat-microaggregated material, either labeled or 
unlabeled, has a molecular weight (mol. wt.) of 273,000 daltons and 
a sedimentation coefficient of 8.6 S. Since the precursor, human 
serum albumin, has a molecular weight of 67,000 daltons and a 
sedimentation coefficient of 4.6 S, the microaggregate is a tetramer. 
The tetramer may be converted to subunits with a molecular 
weight of 72,oo(r76,000 daltons and a sedimentation coefficient of 
4.7 S by the addition of buffered urea, guanidinium chloride, or 
formamide or by decreasing the pH to 2.2. Immunological studies 
indicate that this subunit has a different conformation from that of 
native human serum albumin. Hydrodynamic calculations indicate 
that the colloid has a particle size between 50 X 50 X 200 A and 
50 X 100 X 100 A. 


Keyphrases 0 Albumin, human serum, heat-microaggregated- 
tetrameric structure, conformation, physical constants 0 Human 
serum albumin, heat-microaggregated-structure, physical con- 
stants 0 Ultracentrifugation-sedimentation coefficients 0 Con- 
formational studies-heat-microaggregated human serum albumin 


Heating human serum albumin results, under certain 
conditions, in the formation of two protein aggregates 
(1,2), made clinically useful by subsequent labeling with 
1 3 1 1 .  One preparation, particulate in nature (2), is 
known as heat-macroaggregated human serum albumin. 
The other preparation is known as heat-microag- 
gregated human serum albumin (3). The rate of disap- 
pearance of injected colloidal microaggregated particles 
from the circulation of mammals permits an estimation 
of the phagocytic capacity of the reticuloendothelial 
system, because this removal involves principally the 
Kupffer cells of the liver. Knowledge of phagocytic 
capacity appears to be useful in determining the extent 
of such diseases as pneumococcal pneumonia, typhoid 


fever, and Hodgkin's disease. This paper describes 
some physical properties of the metabolizable micro- 
aggregate, either unlabeled or labeled with lalI. 


EXPERIMENTAL 


Source of Heat-Microaggregated Human Serum Albumin-The 
aggregation of human serum albumin (HSA) was performed ac- 
cording to the method of Iio and Wagner (3), as modified from the 
method of Benacerraf et al. (1). HSA at a concentration of 3% 
protein in 0.9% NaCl adjusted to pH 10 with NaOH was shaken 
vigorously for 20 min. a t  70" and then for 15 min. at 79". After 
rapid cooling, the precipitate that formed from the solution was 
resuspended in 0.1 A4 NaHC03. After storage, the precipitate dis- 
solved and the solution of heat-microaggregated HSA was diluted 
to 10 mg./ml. 


Sedimentation Coefficients-By the use of a Spinco model E 
analytical ultracentrifuge, the sedimentation coefficients of l 3  '1- 
labeled and unlabeled heat-microaggregated HSA at 20" and the 
viscosity and density of water, s : ~ , ~  (4), were calculated at 29,500, 
42,040, and 50,740 r.p.m. with 0.2 M NaCI-O.02 M sodium phos- 
phate buffer (pH 6.85) as diluent. The viscosity was measured with 
the aid of either capillary or rotating ( 5 )  viscometers. A 10-ml. 
pycnometer at 20 f 0.002' (Fisher Isotemp water bath) was used 
for density measurements. Viscosity and density corrections for 
aqueous solutions of urea and guanidinium chloride were also ob- 
tained from the data of Kawahara and Tanford (6). 


Molecular Weights-The molecular weight was determined by 
two methods. The Archibald approach-to-sedimentation equilib- 
rium method (7) was used with the modification of Engelberg (8) 
to evaluate the integral of the concentration gradient. The Yphantis 
meniscus-depletion (9) analyses were performed in a capillary-type 
double-sector cell at 20" at a speed of 20,410 r.p.m. The cell bottom 
was layered with FC-43 fluorochemical oil (Beckman Instruments), 
and 0.03 ml. of 0.1 dialyzed solution was layered over the oil. 
The solvent was the last dialysate. 


Immunological studies utilized rabbit and horse antihuman serum 
albumin (Hyland Laboratories, Los Angeles, Calif.). 


Polyacrylamide gel electrophoresis was performed with the 
Canalco model 6 apparatus (Canal Industrial Corp., Rockville, 
Md.). 
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wound-healing promotion activity studies indicate that p-ionone 
ring and conjugated double-bond hydrocarbon side chain and 
terminal carboxylic group are responsible for the full healing- 
promotion activity. 


Tetrameric Structure and Conformation of 
Heat-Microaggregated Human Serum Albumin 
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Abstract 0 13lI-labeled heat-microaggregated human serum albumin 
is a colloid used in a method that measures liver blood flow through 
a determination of the rate of removal of microaggregates from the 
circulation. The heat-microaggregated material, either labeled or 
unlabeled, has a molecular weight (mol. wt.) of 273,000 daltons and 
a sedimentation coefficient of 8.6 S. Since the precursor, human 
serum albumin, has a molecular weight of 67,000 daltons and a 
sedimentation coefficient of 4.6 S, the microaggregate is a tetramer. 
The tetramer may be converted to subunits with a molecular 
weight of 72,oo(r76,000 daltons and a sedimentation coefficient of 
4.7 S by the addition of buffered urea, guanidinium chloride, or 
formamide or by decreasing the pH to 2.2. Immunological studies 
indicate that this subunit has a different conformation from that of 
native human serum albumin. Hydrodynamic calculations indicate 
that the colloid has a particle size between 50 X 50 X 200 A and 
50 X 100 X 100 A. 
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Heating human serum albumin results, under certain 
conditions, in the formation of two protein aggregates 
(1,2), made clinically useful by subsequent labeling with 
1 3 1 1 .  One preparation, particulate in nature (2), is 
known as heat-macroaggregated human serum albumin. 
The other preparation is known as heat-microag- 
gregated human serum albumin (3). The rate of disap- 
pearance of injected colloidal microaggregated particles 
from the circulation of mammals permits an estimation 
of the phagocytic capacity of the reticuloendothelial 
system, because this removal involves principally the 
Kupffer cells of the liver. Knowledge of phagocytic 
capacity appears to be useful in determining the extent 
of such diseases as pneumococcal pneumonia, typhoid 


fever, and Hodgkin's disease. This paper describes 
some physical properties of the metabolizable micro- 
aggregate, either unlabeled or labeled with lalI. 


EXPERIMENTAL 


Source of Heat-Microaggregated Human Serum Albumin-The 
aggregation of human serum albumin (HSA) was performed ac- 
cording to the method of Iio and Wagner (3), as modified from the 
method of Benacerraf et al. (1). HSA at a concentration of 3% 
protein in 0.9% NaCl adjusted to pH 10 with NaOH was shaken 
vigorously for 20 min. a t  70" and then for 15 min. at 79". After 
rapid cooling, the precipitate that formed from the solution was 
resuspended in 0.1 A4 NaHC03. After storage, the precipitate dis- 
solved and the solution of heat-microaggregated HSA was diluted 
to 10 mg./ml. 


Sedimentation Coefficients-By the use of a Spinco model E 
analytical ultracentrifuge, the sedimentation coefficients of l 3  '1- 
labeled and unlabeled heat-microaggregated HSA at 20" and the 
viscosity and density of water, s : ~ , ~  (4), were calculated at 29,500, 
42,040, and 50,740 r.p.m. with 0.2 M NaCI-O.02 M sodium phos- 
phate buffer (pH 6.85) as diluent. The viscosity was measured with 
the aid of either capillary or rotating ( 5 )  viscometers. A 10-ml. 
pycnometer at 20 f 0.002' (Fisher Isotemp water bath) was used 
for density measurements. Viscosity and density corrections for 
aqueous solutions of urea and guanidinium chloride were also ob- 
tained from the data of Kawahara and Tanford (6). 


Molecular Weights-The molecular weight was determined by 
two methods. The Archibald approach-to-sedimentation equilib- 
rium method (7) was used with the modification of Engelberg (8) 
to evaluate the integral of the concentration gradient. The Yphantis 
meniscus-depletion (9) analyses were performed in a capillary-type 
double-sector cell at 20" at a speed of 20,410 r.p.m. The cell bottom 
was layered with FC-43 fluorochemical oil (Beckman Instruments), 
and 0.03 ml. of 0.1 dialyzed solution was layered over the oil. 
The solvent was the last dialysate. 


Immunological studies utilized rabbit and horse antihuman serum 
albumin (Hyland Laboratories, Los Angeles, Calif.). 


Polyacrylamide gel electrophoresis was performed with the 
Canalco model 6 apparatus (Canal Industrial Corp., Rockville, 
Md.). 
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Table I-Sedimentation Coefficients of Human Serum Albumin, Heat-Microaggregated Human Serum Albumin, and 1311 Heat- 
Microaggregated Human Serum Albumin in Various Solvents 


Solvent 
go,m x 1 0 1 3  SS.- - 


HSAa Aggregated HSAb 1311-Aggregated H S k  


0 . 2  M NaCI-0.02 M phosphate buffer, pH 6.85 
Buffered 8 M urea, pH 6.85 
Buffered 8 M urea, pH 6.85, followed by dialysis 


Buffered 9 M formamide, pH 6.85 
Buffered 5 M guanidinium chloride, pH 6.85 


against neutral buffer 


4 . 6  
4 . 0  


4.5 
4.1 
3.3 


8.6 
4 . 0  


4.7 
4 . 0  
3.3 


8 .5  
4 . 0  


4 . 5  
4 . 2  
3.2 


a Human serum albumin. * Heat-microaggregated human serum albumin. c 1311 heat-microaggregated human serum albumin. 


RESULTS AND DISCUSSION 


Hydrodynamic Properties of the Heat-Microaggregated Human 
Serum Albumin Molecule--The heat-microaggregated HSA was 
considered sufficiently pure for hydrodynamic studies, because 
polyacrylamide gel electrophoresis indicated that approximately 
95 Z of the heat-microaggregated HSA migrated as one component 
and the sedimentation velocity studies showed only one peak with 
almost no asymmetry. The sedimentation coefficient of unlabeled 
heat-microaggregated HSA at 20”, corrected to the viscosity of 
water and extrapolated to zero concentration, was 8.56 f 0.04 S 
(S = sec.) between pH 4.7 and 10.2 (Table I). The sedimen- 
tation coefficient of the heat-microaggregated 1311-labeled HSA was 
8.45 f 0.08 S. The heat-microaggregated preparation was sen- 
sitive to small changes in duration of heating; an increase of 5 
min. in the heating time at 79” led to the formation of a particle 
with a molecular weight of 880,000 daltons. 


The partial specific volume of heat-microaggregated HSA was 
experimentally determined (10) to be 0.737 ~ m . ~ / g . ,  compared with 
0.733-0.736 cm.”g. for native HSA (11,12). 


According to the Archibald method, approximately 95 % of the 
sedimenting material had a molecular weight of 279,000 f 10,OOO 
daltons at the meniscus and cell bottom; the remaining 5 % possessed 
an approximate molecular weight of 132,000 f 9000 daltons, which 
corresponds to the naturally occurring dimer of HSA found in 
serum albumin at similar concentrations of 5-8 (12). The molec- 
ular weight found by the Yphantis method at 20,410 r.p.m. was 
267,000 f 8000 daltons. Since the molecular weight of HSA is 
67,000 (12, 13), four molecules of HSA must have combined to 
give one molecule of microaggregated HSA. The addition of 1311 


has no apparent effect on molecular weight or sedimentation 
coefficient. 


The diffusion constant, Dzo,w, was calculated to be 2.84 X lo-’ 
cm.2 sec.-l from the Svedberg equation (14), D ~ o , ~  = RTs/M(l - 
Bp), where R is the gas constant, T is the temperature in OK., s is 
the sedimentation coefficient, M is the molecular weight, B is the 
partial specific volume, and p is the density. Using this value for 
D ~ o , ~ ,  f/fmin. was calculated (15) to be 1.7, where f = kT/D (k is 
Boltzmann’s constant) and &in. = 67rq (3MB/4rN)’/s ( q  is the 
viscosity of solvent and N is Avogadro’s number). This indicates 
that the heat-microaggregated HSA molecule is slightly asymmetric, 
since HSA is globular with a calculated f/fmin. value of 1.3-1.4 
(15, 16). 


Dissociation of the Aggregate-The apparently mild conditions 
required for aggregation suggested that dissociation of the ag- 
gregate to monomers of HSA was possible. As will be shown later, 
it was found that although the monomeric molecular weight of the 
dissociated microaggregate was similar to that of the monomer, 
the conformation changed. As seen in Table I, the sedimentation 
coefficients of microaggregated HSA and monomeric HSA dis- 
solved in buffered 8 M urea, 9 M formamide, or 5 M guanidinium 
chloride were identical within the limits of experimental error (17). 
These values indicated that heat-microaggregated HSA (mol. wt. 
273,000) had dissociated to monomeric HSA. The molecular weight 
in 8 M urea, 9 M formamide, and 5 M guanidinium chloride was 
between 72,000 and 76,000 daltons. Ten milligrams microag- 
gregated HSA/milliliter 0.2 M glycine-HCI buffer (pH 2.2) showed 
two components. The s & , ~  values of 4.5 and 9 S indicated some 
breakdown of the aggregate. Aggregated HSA, HSA, or mixtures 
of both HSA and aggregated HSA all produced schlieren images 


with one broad peak, indicating not only breakdown of the ag- 
gregate but also some denaturation of the monomeric HSA (18). 
After removal of urea by dialysis, the schlieren peaks still appeared 
broad, indicating that denaturation of HSA is only partially 
reversible. 


Conformation of Heat-Microaggregated Human Serum Albumin- 
Although both monomeric HSA and monomeric HSA first dis- 
solved in buffered 8 M urea and then dialyzed against HzO yield 
strong precipitin bands, both aggregated HSA and urea-dissociated, 
aggregated HSA (dialyzed subsequently against H20 and buffer to 
remove urea) fail to form precipitin bands with rabbit or horse 
antihuman serum albumin. This failure indicates that the HSA 
monomer formed from dissociated tetrameric microaggregated 
HSA has a different conformation from that of human serum al- 
bumin. 


Since: (a) the HSAomolecules are globular (15) with a diameter 
of approximately 50 A [radius = (3MB/47rN)1/a]; (b) the conforma- 
tion of each of the HSA molecules after heating is still generally 
spherical, as seen by the sedimentation coefficient of 4.5 S found 
after the addition of urea and subsequent dialysis (Table 1); and 
(c) the aggregate is asymmetric, then the aggregat? may consist of 
either: (a )  a chain 4 subunits long (200 X 50 X 50 A); (6) a betragon, 
two subunits wide and 2 subunits long (100 X 100 x 50 A), or an 
intermediate conformation. One forbidden conformation is the 
symmetrical tetrahedral pyramid. 


Binding Forces of the Aggregate-The disaggregation of the 
tetramer caused by buffered urea, guanidinium chloride, form- 
amide, or low pH indicates that the denaturing agent may be 
interacting with peptide groups through hydrogen and hydrophobic 
bonds (19). The aggregate may have been formed by the reverse 
process, with heat causing the cleavage (“melting”) of some inter- 
peptide bonds and the subsequent cooling of the mixture resulting 
in the partial intertwining of the protein chains from four 
molecules. 
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Abstract 0 The effect of a series of UV irradiated and nonirradiated 
phenothiazine drugs on the chromate leakage from lipid spherules 
has been determined. All of the drugs studied increased chromate 
leakage to varying degrees prior to irradiation. However, only 
chlorpromazine and prochlorperazine exhibited a marked increase 
in chromate leakage after irradiation. These effects are discussed 
in terms of the in viuo photosensitizing properties of the drugs. 
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Nonphysiologic photosensitized reactions have been 
studied extensively since Raab first observed the photo- 
sensitized activity of acridine toward paramecium 
almost 70 years ago (1). During the intervening time, 
much has been learned about such reactions, although 
their exact mechanism of action has not been completely 
elucidated. However, it has been reasonably well 
established that changes in the permeability of the mem- 
brane of cells or cell organelles are often induced by 
light-irradiated photosensitizing agents (2). 


It was the purpose of this investigation, therefore, to  
develop a physical model that might be used to assess 
photosensitizing agents by measuring their influence 
on membrane permeability. The phospholipid spherule 
model developed by Bangham el al. (3) was selected 
for this purpose. These workers have shown that phos- 
pholipids, when permitted to swell in an aqueous salt 
solution, form salt-containing compartments bounded 
by bimolecular membranes. These structures (spher- 
ules) exhibit permeability characteristics that are quite 


similar to those of biological membranes. Further- 
more, these spherules have been shown by numerous 
researchers to be useful tools for studying membrane- 
drug interactions, particularly when changes in per- 
meability are involved (4). Therefore, changes in 
permeability of these spherules induced by light-ir- 
radiated drugs should be a measure of the photo- 
sensitizing property of these drugs. 


Five phenothiazine derivatives were selected for this 
initial study. Two of these compounds, chlorpromazine 
and prochlorperazine, have been shown unequivocally 
to be photosensitizers (5 ) .  The other three compounds, 
promazine, triflupromazine, and fluphenazine, rarely 
if ever produce photosensitization (5-7). 


MATERIALS AND METHODS 


The phenothiazine derivatives were used without further purifica- 
tion. These were chlorpromazine hydrochloride and prochlorpera- 
zine hydrochloride (Smith Kline & French Laboratories); promazine 
hydrochloride (Wyeth Laboratories) ; and triflupromazine hydro- 
chloride and fluphenazine dihydrochloride (The Squibb Institute 
for Medical Research). 


The lipid spherules were prepared by the method of Bangham 
et al. (3) with slight modification. Briefly, egg lecithin and dicetyl- 
phosphate (90 and 10 pmoles, respectively) were dissolved in 
chloroform and placed in a 50-ml. round-bottom flask. The solvent 
was removed under reduced pressure using a flash evaporator. 
Six milliliters of a 0.145 M potassium chromate solution was then 
added to the flask, and the lipid material was permitted to swell 
for 4 hr. at room temperature. At the end of 4 hr., any chromate 
ion not trapped within the spherules was removed by dialyzing the 
dispersion against a 0.145 M KC1 solution for 18-20 hr. One 
milliliter of the dialyzed suspension of chromate-containing spher- 
ules was transferred to each of five cells. By use of a micrometer 
syringe, 0.05 ml. of a 1 X 10-* M solution in 0.145 M KCI of the 


856 0 Journal of Pharmaceutical Sciences 








(14) T. Svedberg and K. 0. Peterson, “The Ultracentrifuge,” 


(15) C. Tanford, “Physical Chemistry of Macromolecules,” 


(16) C. Tanford and J. G. Buzzell, J.  Phys. Chem., 60, 225 


(17) H. K. Schachman, “Ultracentrifugation in Biochemistry,” 


(18) H. Neurath, G. R. Cooper, and J. 0. Erickson, J.  Biol. 


(19) W. P. Jencks, “Catalysis in Chemistry and Enzymology,” 


Oxford University Press, London, England, 1940, p. 5. 


Wiley, New York, N. Y., 1963, p. 356. 


(1956). 


Academic, New York, N. Y., 1959, p. 82. 


Chem., 142, 249(1942). 


McGraw-Hill, New York, N. Y., 1969, p. 323. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received December 8, 1969, from the Squibb Institute for Medical 


Accepted for publication January 27, 1970. 
The author thanks Dr. K. Florey for helpful suggestions and 


criticism, Drs. G. Bruno and D. R. K. Murty for samples of un- 
labeled and ‘Wlabeled heat-microaggregated and heat-macro- 
aggregated human serum albumin and for their useful advice, the 
American National Red Cross for samples of human serum al- 
bumin, Mr. 0. Kocy for performing the polyacrylamide gel electro- 
phoresis, Dr. R. Millonig for the immunological analyses, and Dr. 
David Frost for editorial assistance. 


Research, New Brmswick, NJ 08903 


Phospholipid Spherules as a Model to Assess 
Photosensitizing Properties of Drugs 


ALVIN FELMEISTER and SHRILEKHA V. TOLAT 


Abstract 0 The effect of a series of UV irradiated and nonirradiated 
phenothiazine drugs on the chromate leakage from lipid spherules 
has been determined. All of the drugs studied increased chromate 
leakage to varying degrees prior to irradiation. However, only 
chlorpromazine and prochlorperazine exhibited a marked increase 
in chromate leakage after irradiation. These effects are discussed 
in terms of the in viuo photosensitizing properties of the drugs. 


Keyphrases 0 Photosensitizing properties-phenothiazines 0 
Lipid spherules, chromate leakage-photosensitizing properties, 
phenothiazines 0 Phenothiazines-photosensitizing properties 
Spectrophotometry-analysis 


~ ~~ ~ ~~ 


Nonphysiologic photosensitized reactions have been 
studied extensively since Raab first observed the photo- 
sensitized activity of acridine toward paramecium 
almost 70 years ago (1). During the intervening time, 
much has been learned about such reactions, although 
their exact mechanism of action has not been completely 
elucidated. However, it has been reasonably well 
established that changes in the permeability of the mem- 
brane of cells or cell organelles are often induced by 
light-irradiated photosensitizing agents (2). 


It was the purpose of this investigation, therefore, to  
develop a physical model that might be used to assess 
photosensitizing agents by measuring their influence 
on membrane permeability. The phospholipid spherule 
model developed by Bangham el al. (3) was selected 
for this purpose. These workers have shown that phos- 
pholipids, when permitted to swell in an aqueous salt 
solution, form salt-containing compartments bounded 
by bimolecular membranes. These structures (spher- 
ules) exhibit permeability characteristics that are quite 


similar to those of biological membranes. Further- 
more, these spherules have been shown by numerous 
researchers to be useful tools for studying membrane- 
drug interactions, particularly when changes in per- 
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chloroform and placed in a 50-ml. round-bottom flask. The solvent 
was removed under reduced pressure using a flash evaporator. 
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added to the flask, and the lipid material was permitted to swell 
for 4 hr. at room temperature. At the end of 4 hr., any chromate 
ion not trapped within the spherules was removed by dialyzing the 
dispersion against a 0.145 M KC1 solution for 18-20 hr. One 
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ules was transferred to each of five cells. By use of a micrometer 
syringe, 0.05 ml. of a 1 X 10-* M solution in 0.145 M KCI of the 
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drug under investigation was added to each of two of these cells 
(final drug concentration = 5 X M).  The same volume of an 
UV-irradiated solution of the drug was added to two of the re- 
maining cells. An equal volume of 0.145 M KCI was added to the 
remaining cell, which served as the control. After mixing the mate- 
rial in each cell, 1 ml. of the dispersion was transferred from each 
cell to a corresponding dialyzing sac. The sacs were sealed and 
then placed in separate test tubes containing 5 ml. of 0.145 M 
KCI. The test tubes were maintained at 37” in a water bath for 30 
min. At the end of this time the sacs were removed and the con- 
centration of chromate ion present in the KC1 solution was deter- 
mined spectrophotometrically (absorbance at 380 mp). The ab- 
sorbance, which is proportional to the chromate-ion concentra- 
tion, was used as a measure of leakage of this ion from the spherule 
(i.e.,  lipid membrane permeability). 


Known concentrations of chromate ion were determined by this 
procedure in the presence of the irradiated and nonirradiated 
phenothiazines (5 X M) to determine whether either the drug 
itself or any of its photoproducts interfered with the spectrophoto- 
metric analysis. The results obtained were not significantly different 
from those obtained in the absence of the phenothiazines. 


Irradiation of Drug Solution-Three milliliters of a 1 X 10+ M 
solution of the drug was placed in a standard 1-cm. quartz cell. 
The cell was positioned 4 in. from the center of a “black light” UV 
lamp, model 16, Eastern Corp., and exposed for 90 min. The wave- 
lengths emitted by this lamp fall between 290 and 400 mp. The 
irradiated solution was then transferred, as previously described, 
to cells containing the spherules. 


RESULTS AND DISCUSSION 


The effect of both the irradiated and nonirradiated phenothiazine 
derivatives on the release of chromate ion from the spherules is 
summarized in Table I. 


Preirradiation-All the nonirradiated drugs tested induced con- 
siderably more leakage than that observed with the control. This 
probably is a measure of the ability of these compounds to interact 
at a lipid-water interface. Similar effects have been observed with 
these drugs on other model systems such as erythrocytes, platelets 
(8), and monomolecular films (9). In fact, phenothiazine-membrane 
interaction has been proposed as one mechanism of the pharma- 
cologic activity of these drugs (10). The greater leakage induced by 
chlorpromazine and prochlorperazine apparently is a measure of a 
greater drug-spherule interaction. 


Postirradiation-Of the five drugs studied, only chlorpromazine 
and prochlorperazine showed any significant change in chromate 
leakage after irradiation. With both of these phenothiazines, the 
increase in leakage is considerable. The difference between these 
two compounds, however, is not significant, indicating that on an 
equal concentration basis, both of these drugs, when irradiated, 
induce about the same degree of leakage. 


The large increase in leakage induced by the UV irradiation of 
chlorpromazine and prochlorperazine suggests that such irradia- 
tion results in the formation of species that are considerably more 
membrane active than the parent compounds. 


It has been reported that chlorpromazine photopolymerizes 
uia a free radical formed by the elimination of the chlorine from 
the 2-position (11). It is reasonable to postulate that prochlor- 
perazine. which also has a chlorine at the 2-position, will poly- 
merize via a similar mechanism. The fact that only these chlorine- 
containing compounds resulted in increased chromate leakage, 
coupled with the likelihood that only these compounds will poly- 
merize on exposure to UV radiation, suggests that a photopolymer 
may be the membrane-active species. 


Huang et al. (11) postulated that the formation of a photo- 
polymer of chlorpromazine could be responsible for some photo- 
sensitized reactions observed in individuals maintained on large 
doses of this drug. 


However, the possibility cannot be eliminated that the N-oxide 
and hydroxy derivatives of chlorpromazine, which were also 
identified by Huang and Sands (12) as photoproducts, may be re- 
sponsible to some degree for the observed effects. These products, 
resulting from the UV irradiation of chlorpromazine, have been 
shown to be more surface active than chlorpromazine itself (13) 
and thus more likely to penetrate and disrupt phospholipid mem- 
branes. 


Table I-Release of Chromate from Phospholipid Spherules 
Induced by UV-Irradiated and Nonirradiated Phenothiazines 


Increase 
due to 


-% of Chromate Releaseda-- Irradia- 
Nonirradiated Irradiated tion, 


Drug Added Meanb f SEM Mead f SEM %a 


Chlorpromazine 370 f 17 2790 f 570 86 
Prochlorperazine 428 f 25 2400 f 220 82 


170 f 22 Promazine 180 f 30 
Triflupromazine 220 f 50 230 f 55 
Flup henazine 220 f 40 190 zk 40 


- 
- 
- 


a As compared to that released by the control. b Calculated from three 
to five independently obtained values. 


CONCLUSION 


Weissman e ta / .  (14) have pointed out that artificial lipid spherules 
appear to resemble natural structures (lysosomes, mitochondria, 
and erythrocytes) in their release of ions after exposure to lytic 
agents such as lysolecithin, streptolysin S, a nonionic surfactant 
(Triton X-100), and steroids. Apparently, these effects, in both 
natural and artificial systems, are the results of changes in per- 
meability induced by the interaction and subsequent rearrange- 
ment of the lipid layers by the lytic agents. 


It would appear then that the five phenothiazines are lytic at the 
concentration used in this study (5 x M), since they all pro- 
duced a significant increase in chromate leakage. Such a lytic effect 
was observed by Ahtee and Paasonen (8) with a series of phenothia- 
zine drugs using erythrocytes, although these authors noted that at 
lower drug concentration, erythrocyte membrane stabilization OC- 
curred rather than lysis. Furthermore, irradiated chlorpromazine and 
prochlorperazine appear to be much more potent lytic agents than 
any of the nonirradiated compounds, suggesting the formation of 
new, more membrane-active species by the irradiation. 


Thus, the results of this investigation suggest that if either of 
these latter two drugs accumulate in membranes of cells or cell 
organelles, even at levels below that required to produce lysis, 
irradiation could convert them to species with significant lytic 
activity. Such lytic species in turn could lead to increased cell 
membrane permeability and subsequent edema and inflammation. 
In contrast, the lytic potential of the other drugs studied would 
be expected to remain relatively unchanged after exposure to UV 
irradiation. Based on this finding, it appears that of these five 
phenothiazines, only chlorpromazine and prochlorperazine should 
produce direct photosensitized cutaneous reactions. 


The available clinical data generally support this postulation. 
Both chlorpromazine and prochlorperazine are consistently re- 
ported to produce photosensitization ( 5 ) .  In addition, both also are 
capable of producing this effect in all exposed individuals if a 
sufficient drug concentration level is achieved. In contrast, based 
on the available clinical reports, triflupromazine and fluphenazine 
are essentially nonphotosensitizing (5, 6), and promazine has been 
reported as a photosensitizer in only one early study (7). 


This preliminary study does indicate that lipid spherules are 
useful models to assess photosensitizing properties of the pheno- 
thiazine drugs. Studies with additional known and potential photo- 
sensitizers are currently underway to validate the usefulness of this 
model for other groups of compounds. 
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Abstract 0 Results of the authors’ previous experiment indicated 
that the primary site of action of topically applied surfactants 
(polysorbate 85 and polyoxyethylene ether 96) is in the epidermal 
membranes. To elucidate the interaction of surfactants with bio- 
logical membranes, the composition of epidermal phospholipids 
and the rate of biosynthesis of major phospholipid components 
were determined by utilizing thin-layer chromatographic, spectro- 
photometric, and radiotracer techniques. Results indicated that the 
major lipid components are cholesterol, lecithin, lysolecithin, 
phosphatidyl ethanolamine, and sphingomyelin. The treatment 
with surfactant did not induce any significant change in the phos- 
pholipid composition. The biosynthetic and turnover rates of all 
identified phospholipids, however, were greatly increased (two to 
four times) in the surfactant-treated skin. Available data suggest 
that the tested surfactants damaged the epidermal membranes. A 
role of surfactants in increasing the absorption of medicinal sub- 
stances was also proposed in view of these results and other reports 
regarding the effect of surfactants on biological membranes. 
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In a multiphase system the molecules of a surface-ac- 
tive agent align and orient themselves at the interface. 
In a biological system the membranes provide the inter- 
face. The concentration of a surfactant in a tissue be- 
cause of its hydrophilic-lipophilic character is the 
highest at, or in, the biological membranes; therefore, 
the site of action of a topically applied surfactant is very 
likely in the epidermal membranes. 


Unfortunately, it is difficult to design experiments to  
test the action of surfactants on biological membranes. 
At present, the exact structural configuration of mem- 
branes is not defined because of the lack of reliable 
techniques to study membranes at cellular or molecular 
level. Recent reviews describe most of the presently ac- 
cepted theories relating to the structure and function of 
biological membranes (1-5). Changes in membranes 
induced by surfactants or any other agents can be stud- 


ied only by indirect methods. On the basis of the pres- 
ently accepted concepts of biological membranes, a 
qualitative and/or quantitative change in lipid compo- 
sition of a tissue may indicate structural changes and, 
consequently, functional changes in the membranes. 
Results of previous investigations (6-8) indicated that 
the treatment with surfactant preparations induced an 
increase both in the content and in the biosynthetic rate 
of epidermal phospholipids, nucleic acids, and acid-sol- 
uble material. This increase was explained by the as- 
sumption that the surfactants damaged the biological 
membranes by either rupturing the membranes or re- 
placing certain phospholipid molecules in the continu- 
ous phospholipid micelles present in the membranes. 
Phospholipid molecules present in ruptured membranes 
and those that are possibly replaced by surfactants were 
measured along with newly formed molecules during 
the analysis of skin tissue. 


The higher rate of biosynthesis of epidermal phos- 
pholipids was explained by the reasoning that it was ex- 
pected in order to  repair the surfactant-damaged mem- 
branes or to  regenerate membranes. A further step in 
this project was to find out whether the surface-active 
agents interact with the membrane as a whole or with 
only certain components of the membrane. If the sur- 
factants disrupt or damage the membrane as a result of 
hydrophobic or micellar interactions or by hydrogen 
bonding and a completely new membrane is regenerated, 
then the content and the rate of biosynthesis of all phos- 
pholipid membrane components will be increased. On 
the other hand, if the surfactant interacts with certain 
phospholipid molecules participating in the membrane, 
i.e., a molecule can replace one phospholipid molecule 
present in the lipid micelles, one should find that the con- 
tent and the rate of biosynthesis of those particular 
phospholipids would be increased more than that of 
other phospholipid components. The determination of 
phospholipid composition and the rate of biosynthesis 
of each phospholipid component in the control and sur- 
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with surfactant did not induce any significant change in the phos- 
pholipid composition. The biosynthetic and turnover rates of all 
identified phospholipids, however, were greatly increased (two to 
four times) in the surfactant-treated skin. Available data suggest 
that the tested surfactants damaged the epidermal membranes. A 
role of surfactants in increasing the absorption of medicinal sub- 
stances was also proposed in view of these results and other reports 
regarding the effect of surfactants on biological membranes. 


Keyphrases 0 Phospholipid composition, rabbits-normal, sur- 
factant-treated skin 0 Nonionic surfactantsdermatitic effect, 
rabbits 0 TLC-analysis 0 Scintillometry-analysis, 32P-in~or- 
poration 0 Spectrophotometry-analysis 


In a multiphase system the molecules of a surface-ac- 
tive agent align and orient themselves at the interface. 
In a biological system the membranes provide the inter- 
face. The concentration of a surfactant in a tissue be- 
cause of its hydrophilic-lipophilic character is the 
highest at, or in, the biological membranes; therefore, 
the site of action of a topically applied surfactant is very 
likely in the epidermal membranes. 


Unfortunately, it is difficult to design experiments to  
test the action of surfactants on biological membranes. 
At present, the exact structural configuration of mem- 
branes is not defined because of the lack of reliable 
techniques to study membranes at cellular or molecular 
level. Recent reviews describe most of the presently ac- 
cepted theories relating to the structure and function of 
biological membranes (1-5). Changes in membranes 
induced by surfactants or any other agents can be stud- 


ied only by indirect methods. On the basis of the pres- 
ently accepted concepts of biological membranes, a 
qualitative and/or quantitative change in lipid compo- 
sition of a tissue may indicate structural changes and, 
consequently, functional changes in the membranes. 
Results of previous investigations (6-8) indicated that 
the treatment with surfactant preparations induced an 
increase both in the content and in the biosynthetic rate 
of epidermal phospholipids, nucleic acids, and acid-sol- 
uble material. This increase was explained by the as- 
sumption that the surfactants damaged the biological 
membranes by either rupturing the membranes or re- 
placing certain phospholipid molecules in the continu- 
ous phospholipid micelles present in the membranes. 
Phospholipid molecules present in ruptured membranes 
and those that are possibly replaced by surfactants were 
measured along with newly formed molecules during 
the analysis of skin tissue. 


The higher rate of biosynthesis of epidermal phos- 
pholipids was explained by the reasoning that it was ex- 
pected in order to  repair the surfactant-damaged mem- 
branes or to  regenerate membranes. A further step in 
this project was to find out whether the surface-active 
agents interact with the membrane as a whole or with 
only certain components of the membrane. If the sur- 
factants disrupt or damage the membrane as a result of 
hydrophobic or micellar interactions or by hydrogen 
bonding and a completely new membrane is regenerated, 
then the content and the rate of biosynthesis of all phos- 
pholipid membrane components will be increased. On 
the other hand, if the surfactant interacts with certain 
phospholipid molecules participating in the membrane, 
i.e., a molecule can replace one phospholipid molecule 
present in the lipid micelles, one should find that the con- 
tent and the rate of biosynthesis of those particular 
phospholipids would be increased more than that of 
other phospholipid components. The determination of 
phospholipid composition and the rate of biosynthesis 
of each phospholipid component in the control and sur- 
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Table I-Relative Percent Composition of Epidermal Phospholipids 
~ 


Relative Percent5 7 


Polyoxyethylene 
Untreated, Petrolatum, Polysorbate 85, Ether 96, 


Phospholipids mean f SD mean f SD mean f SD mean f SD 


Lecithin 41.6 f 5.0 41.6 f 5 . 2  43.3 f 4 . 8  4 0 . 2  f 4 . 6  
Lysolecithin 10.9 f 4.3 10.4 f 3 .9  10.3 f 4.6 10.4 f 4 . 8  
Phosphatidyl 


ethanolamine 27.1 f 4 . 0  27.7 f 4 . 6  21.5 f 3 . 4  29 .2  f 3 . 6  
Sphingomyelin 20.3 =t 5 . 1  20.4 f 2.0  18.8 f 5 . 5  20.1 f 5.4  


~ ~~ ~~ ~ 


" Results indicated represent the mean value of percentage composition, on the basis of lipid phosphorus, with standard deviation(fSD, N = 31). 
The percentagecomposition was calculated, in case of each rabbit, from the sum of phosphorus recovered from spots on  the thin-layer plate corre- 
sponding to the four phospholipids which was accepted as  100%. Epidermal samples were obtained from three groups of rabbits: 21 rabbits were 
treated for 4 days, five for 2 days, and five for 7 days. 


factant-treated skin, as described in this report, was an- 
other attempt to test, although indirectly, the site of ac- 
tion of the selected surfactant at the molecular level. 


MATERIALS AND METHODS 


The selection and the treatment of the experimental animals and 
the isolation of epidermis and epidermal lipids have been described 
in the authors' previous reports (6-8). Aliquots of the lipid extract 
were used for the separation of phospholipids by TLC. 


Thin-Layer Chromatograph y-Thirty grams of silica gel G (E. 
Merck, A. G., Darmstadt, Germany) was mixed with 63 ml. of 0.01 
M N a C 0 3  solution and spread on 20 X 20-cm. glass plates in 0.25- 
mm. thickness. The plates were dried at room temperature and were 
activated for 1 hr. at 105" just before use. Aliquots of lipid extracts 
were applied along with standard solutions of known phospholipids 
with a microliter syringe as narrow streaks on 2-cm. wide lanes, 1.5 
cm. from the bottom of the plate. The plates were subjected to 
ascending chromatography in a closed glass developing tank, which 
contained 100 ml. of chloroform-methanol-distilled water, 65 : 30: 5. 
This solvent was allowed to rise to 15 cm. from the starting line. 


The developed chromatograms were examined by various detec- 
tion methods, such as exposure to iodine vapor, spraying with am- 
monium molybdate-perchloric acid, rhodamine B, and DragendorlT 
reagents (9). Individual lipids were identified by comparison with 
standard lipid applied on the same thin-layer plate. Additional 
evidence of identity of the various phospholipids was obtained by 
recent experiment using the Zeiss chromatogram spectrophotometer 
(10). The identified components, as well as standard known lipids 
and blank areas, were scraped into glass-stoppered test tubes, and 
the phospholipids were digested with sulfuric acid and hydrogen per- 
oxide and the phosphorus was determined as described by Keenan 
et al. ( 11). 


Radiotracer Technique-Recent experiments were extended to 
measure the rate of in viuo incorporation of 32P into the epidermal 
phospholipid components. In this part of the project, rabbits (five in 
a group) were treated for 2 ,4 ,  and 7 days. Twenty-four hours before 
the end of treatment, approximately 5 mc. inorganic 32P (Na2HP04) 
was injected intravenously through the ear veins. The experimental 
procedure for extracting the epidermal lipids was the same as with 
other rabbits treated for 4 days without the use of an isotope (7). To 
minimize the error introduced by the TLC technique, the same 


sample that was obtained from the identified and marked spots was 
used for both spectrophotometric determination of phosphorus ( 1  1) 
and for the measurement of 32P incorporation. In this way a more 
reliable specific radioactivity (c.p.m./mcg. lipid-P) could be cal- 
culated. Aliquots (3.0 ml.) of the isobutanol lsyer, which was used 
for the spectrophotometricdetermination of phosphorus, were mixed 
with scintillator solvent (7.0 ml. Bray's solution) composed of 60 g. 
naphthalene, 20 ml. ethylene glycol, 100 ml. methanol, 4 g. PPO, 
and 0.2 g. POPOP, and dioxane made up the volume to 1.0 I. The 
radioactivity was measured by Unilux I liquid scintillation counter 
(Nuclear Chicago). 


RESULTS AND DISCUSSION 


Thin-layer chromatographic analyses of epidermal lipid extracts 
indicated that there are four phospholipids-lecithin, lysolecithin, 
phosphatidyl ethanolamine, and sphingomyelin-present in rabbit 
skin in amounts that could be measured and identified. Besides these 
four components, three other phospholipids were detected but not 
identified, mainly because of the minute amount present. Table I 
demonstrates the relative percent composition of the four major 
epidermal phospholipids of untreated and surfactant-treated rabbit 
skin. The relative percent composition was calculated from the sum 
of phosphorus recovered from spots containing these four 
phospholipids. The unidentified phospholipids, which probably 
compose 1&20z of the total phospholipid content, were disre- 
garded. 


According to the data shown by Table I, there is no statistically 
significant change in the percent composition of these phospho- 
lipids after the treatment with the tested surfactant preparations 
(10% in white petrolatum). There is, however, a slight increase in 
lecithin content as well as a slight decrease in sphingomyelin content 
of samples treated with polysorbate 85 compared with that of un- 
treated skin samples. The distribution of incorporated radio- 
activity in epidermal phospholipids is shown by Table 11. Due to 
the treatment with polysorbate 85, the content of lecithin seemed to 
be increased (Table I) but the reverse is true regarding the radio- 
activity (Table 11). The same treatment resulted in a decrease in 
the content (Table I) and an increase in the radioactivity (Table 11) 
of sphingomyelin. That the treatment with surfactants has an effect, 
however slight, on the content but more on the rate of biosynthesis 
of these four phospholipids becomes evident if the results 
shown in Table I11 are considered. Table 111 demonstrates the effect 


Table 11-Distribution of Incorporated Radioactivity in Epidermal Phospholipids 


Relative Percenta - 
Polyoxyethylene 


Untreated, Petrolatum, Polysorbate 85, Ether 96, 
Phospholipids mean f SD mean f SD mean f SD mean i SD 


Lecithin 50.0 f 4 . 7  48 .5  f 5 . 2  
Lysolecithin 7 . 5  h 2 . 9  7 . 6  f 2 . 1  
Phosphatidyl 


ethanolamine 28.9 h 3 . 2  31.2 f 3 . 7  
Sphingomyelin 13.5 f 4 . 4  12.8 f 5 . 3  


46.9 + 5 . 8  
6 . 6  f 1.7 


43 .2  i 5 . 8  
8 . 6  f 2 . 8  


27.6 f 5 . 1  
18.8 f 7 . 2  


29.6 f 2 . 8  
18.7 f 5 . 3  


~ ~~ 


Q Values represent the mean percentage of counts measured in the four phospholipids recovered from the thin-layer plates. The percentage of 
radioactivity was calculated, in case of each rabbit, from the sum of counts in the four phospholipids recovered which was accepted as 100%. The 
mean of these percentages were calculated, in case of each phospholipid component, with standard deviations (*SD, N = 15). Epidermal samples 
were obtained from three groups of rabbits (five in each group) treated for 2, 4, and 7 days, respectively. 
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Table 111-Incorporation of 32P into Epidermal Phospholipids 


Specific Activity as Percent of Control“ 
Length of Polyoxyet hy lene 
Treatment, Petrolatum, Polysorbate 85, Ether 96, 


Phospholipids days mean f SD mean =t SD mean =k SD 


Lecithin 


Lysolecit hin 


Phosphatidyl 
ethanolamine 


Sphingomyelin 


2 
4 
7 


128 f 35 
118 f 15 
113 f 14 
142 33 
104 f 6 
103 f 37 


120 f 32 
120 f 25 
142 f 33 
112+ 8 
133 f 30 
103 rt 16 


194 f 52 
202 f 12 
196 f 85 
159 f 29 
466 f 69 
145 f 22 


155 f 19 
211 f 45 
222 f 84 
290 rt 148 
410 f 55 
283 f 132 


179 f 52 
151 f 6 
194 f 60 
117 f 19 
221 f 40 
209 f 78 


129 f 23 
197 f 27 
216 f 27 
226 f 20 
341 + 50 
269 f 87 


~ ~~ ~~~ ~~ ~ ~ 


a The resuIts are expressed as percent differences of specific activity (c.p.m./rncg. lipid-P) of skin samples treated with the ointment base: white 
petrolatum, and nonionic surfactants: polysorbate 85 and polyoxyethylene ether 96, ascompared with that of the untreated skin, which is accepted as  
100%. Values show the mean f standard deviation (* SD, N = 5 ) .  


of treatment with surfactant preparations on the rate of incorpora- 
tion of 3 T  into epidermal lipid components. 


To assess statistical significance of the data, the percentage 
stimulations of 32P incorporation into the epidermal phospholipid 
component of each individual rabbit were calculated. These per- 
centage increases were averaged, and then the mean values were 
calculated with standard deviations. This was necessitated by the 
variation in the absolute incorporation of aaP into the various 
epidermal phospholipids of different rabbits. This variation was due 
not only to individual biological variation but, to a greater extent, 
to the fact that it was almost impossible to inject intravenously 
exsctly 5.0 mc. 32P. Since the amount of 32P in the circulatory blood 
and, consequently, at the site of the designated epidermal tissue 
varied with each rabbit, the variation in the rate of incorporation of 
32P into phospholipid components was very large, even within one 
type of skin. This variation would tend to decrease the statistical 
significance of any differences that might be observed between the 
specific activity of a particular phospholipid extracted from the un- 
treated and surfactant-treated skin of one rabbit. The rate of 32P 
incorporation was expressed as specific activity in counts per minute 
per phosphorus (c.p.m./mcg.-P) present in the particular phospho- 
lipid recovered from the thin-layer plate. 


In all cases the incorporation of 32P into phospholipids of the 
surfactant-treated skin was much greater than that of the untreated 
skin samples. The treatment with petrolatum also seems to stimu- 
late the incorporation of 32P, but this stimulation is not significant. 
The highest increase in the rate of 32P incorporation is observed in 
skin samples treated with polysorbate 85 preparation for 4 days. 
This increase is more than fourfold in the case of lysolecithin and 
sphingomyelin and somewhat more than twofold with lecithin and 
phosphatidyl ethanolamine. Treatment with polysorbate 85 for 2 
and 7 days induced a less dramatic increase in the specific activity 
of esch of the four phospholipids. The explanation for the relation- 
ship between the length of time of treatment and the extent of in- 
crease in the specific activity of the phospholipids is rather complex. 
Speculations for possible mechanisms of reaction to injury caused 
by the surfactant at various stages of the treatment are presented 
elsewhere (8). The treatment with polyoxyethylene ether 96 also 
induced a considerable increase in the rate of incorporation of 32P 
into each of the phospholipids. These increases, however, were al- 
most independent of the length of time of treatment. 


In most cases the standard deviation is rather large, mainly be- 
cause of the thin-layer chromatographic technique and partly be- 
cause of other numerous steps in the experimental procedure. The 
quantitative recovery of phospholipids from the corresponding spots 
on the thin-layer plates and the spectrophotometric and radioactive 
measurement of the phospholipid components in the presence of 
silica gel are the major factors in the spread of results. In spite of 
these problems, the effect of the tested surfactants on the rate of 
biosynthesis of the major epidermal phospholipids is apparent. 


Results reported previously (6-8) and data presented herein are 
clear, although indirect, indications for changes in epidermal mem- 
branes as a result of treatment with surfactants. Many investi- 
gators (12-20) reported that surfactants in a variety of dosage forms 


increase the absorption of medicinal substances. In most of these 
reports (12-20) the role of surfactants in enhancing absorption was 
explained by the physicochemical properties of the tested surfac- 
tants; a surfactant may reduce the disintegration time of a tablet or 
may enhance the dissolution or diffusion of an active ingredient by 
various physicochemical phenomena, thereby influencing the rate of 
absorption of agents administered along with a surfaceactive agent. 
These are sound explanations, and no doubt a surfactant can in- 
fluence absorption on these bases due to its physicochemical proper- 
ties. The authors would like to propose, on the bases of previous 
studies (6-8), that the role of a surfactant in enhancing absorption 
of other agents present in the same product is also due to its physi- 
ological properties. As the authors postulated (21), the surfactants 
may act on the membranes by various possible mechanisms, and 
this is also a contributing factor for the reported increased rate of 
absorption. A damaged or regenerating membrane is less of a barrier 
to penetrating substances than are intact membranes. The question 
now is whether it is wise to increase the absorption of a substance 
by damaging the membranes, especially in the case of chronic treat- 
ment. The surfactants increase the permeability of membranes, 
which may lead not only to higher penetration of medicinal sub- 
stances but, by disturbing the balance of a cell system, also to 
metabolic disorder. 


REFERENCES 


(1) V. P. Whittaker, Brit. Med. BuIl., 24, 101(1968). 
(2) J. A. Lucy, ibid., 24, 127(1968). 
(3) A. Rothstein, Ann. Rev. Physiof., 30, 15(1968). 
(4) E. D. Korn, Ann. Rev. Biochem., 38, 263(1969). 
(5) D. E. Green and D. H. MacLennan, BioScience, 19, 213 


(6) M. Mezei and R. W. Sager, J. Pharm. Sci., 56,1604(1967). 
(7) M. Mezei and G. N. White, ibid., 58, 1209(1969). 
(8) M. Mezei, to be published. 
(9) D. Waldi, in “Thin-Layer Chromatography,” E. Stahl, 


(1969). 


Ed., Springer-Verlag, New York, N. Y., 1965. 
(10) M. Mezei and A. K. Y. Lee, to be published. 
(11) R. W. Keenan, G. Schmidt, and T. Tanaka, Anal. Biochem., 


(12) R. W. Wissler, W. F. Bethard, P. Baker, and H. D. Mori, 


(13) G. Levy and R. H. Reuning, J. Pharm. Sci., 53, 1471(1964). 
(14) G. Levy, K. E. Miller, and R. H. Reuning, ibid., 55, 394 


(15) H. Matsumoto, Chem. Pharm. Bull., 14, 398(1966). 
(16) H. Yamada, T. Ichihashi, F. Kogishi, and R. Yamamoto, 


(17) K. Kakemi, H. Sezaki, S. Muranishi, and H. Matsui, ibid., 


(18) T. Matsuzawa, H. Fujisawa, K. Aoki, and H. Mima, ibid., 


(19) L. J. Ravin, E. G. Shami, A. Intoccia, E. Rattie, and G. 


23, 555(1968). 


Proc. Soc. Exp. Biol. Med., 86, 170(1954). 


(1966). 


ibid., 14, 786(1966). 


15, 172(1967). 


17,999(1969). 


Joseph, J. Phurm. Sci., 58, 1242(1969). 


860 Journal of Pharmaceutical Sciences 







(20) C. W. Whitworth and E. R. Carter, ibid., 58,1285(1969). 
(21) M. Mezei, R. W. Sager, W. D. Stewart, and A. L. deRuyter, 


Accepted for publication February 4, 1970. 
Presented at the Sixteenth Canadian Conference of Pharmaceu- 


tical Research, St. John’s, Newfoundland, August 9, 1969. 
This work was supported by the Medical Research Council 


(Canada) Grant MA-2983 and the Canadian Foundation for the 
Advancement of Pharmacy. 


The technical assistance of Miss Zenora Rapersad is acknowl- 
edged. 


ibid., 55, 584(1966). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received December 3, 1969, from the College of Pharmacy, 
Dalhousie University, Halifax, Nova Scotia, Canada. 


1,3,2-Dioxaphosphorinane 2-Oxides IV Preparation of Some 
2-Substituted-5-carbomethoxy-5-methyl-l,3,2-dioxaphosphorinane 
2-Oxides as Potential Antitumor Agents 


JOHN H. BILLMAN and GERALD R. ROEHRIG 


~ 


Abstract 0 Twenty-two of the title compounds, in which the sub- 
stituents are chloro, alkylamino, dialkylamino, arylamino, hy- 
droxy, and amine salts, as well as the pyrophosphate, have been 
synthesized and submitted for antitumor evaluation. 


Keyphrases 0 1,3,2-Dioxaphosphorinane 2-oxides-synthesis 0 
Antitumor agents-synthesis, 1,3,2-dioxaphosphorinane 2-oxides 
IR spectrophotometry-structure, analysis 


+ P0Cli  - H’xO O+O CHd 


I 
OH OH 


C1 
I1 


+ 2HC1 


Previous work in the authors’ laboratory (1) has led 
to consideration of the dioxaphosphorinane 2-oxides 
as potential antitumor agents. Synthesis and evaluation 
of compounds of Type I are described at this time. H%r 0,p 


I 
Y 


I 


Y = <I, -NHR, -NR2, -NHAr, -OH, -amine salts and 
the pyrophosphate 


The starting point for the preparation of these com- 
pounds was the phosphochloridic acid 11, which was 
prepared according to Scheme I. Compound I1 can 
formally be considered as an acid chloride analogous 
to the more commonly encountered carboxylic acid 
chlorides; as such, one would expect that it might ex- 
hibit many of the same types of reactions as the acyl 
chlorides. Indeed, many of those reactions have been 
observed and used to advantage. Schemes TI-IV are 
representative of those used for the preparation of the 
compounds cited in this paper. 


The salts of the acid were prepared for two basic 
reasons. Since the majority of these compounds are 
relatively water insoluble, it was thought that a com- 
pound with considerably greater water solubility might 
exhibit a greater degree of antitumor activity. Also, 
by incorporating amines that exhibit biological activity, 
one could compare the activity of the salt with that of 


Scheme I 


H3c&co2cH 0,p ’ + H,O - H’c&co2cHJ 0,p + HCI 


I 
C1 
I1 


I 
OH 
111 


Scheme I1 


Kt,N fi -I- R,NH - 01’ 


0, t.0 
‘P- R ? K H  


I 
CI 
I1 


Et IN’HC1 H1ch6coLcH’ 0,p + or 
R,NH.HCI 


I 
NR, 


IV 
R = alkyl, aryl, or hydrogen 


Scheme I I I  


the free amine. At this point, insufficient data have been 
returned to clarify either of these points. 


Tables I and I1 contain the data pertinent to the 
structures of the compounds under consideration. 
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observed and used to advantage. Schemes TI-IV are 
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the free amine. At this point, insufficient data have been 
returned to clarify either of these points. 


Tables I and I1 contain the data pertinent to the 
structures of the compounds under consideration. 
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Table 1-2-Substituted-5-carbomethoxy-5-methy1-1,3,2-dioxaphosphorinane 2-Oxides X 


Compd. 
Number Y X Formula 


Pure 
Yield, M.p. Procedure 


1 
2 


3 


4 


5 


6 


7 
8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


-CI 
-OH 


- NH(CH&NH- 


-NH (CHd8NH- 


-NH(CHz)4NH- 


1 
1 


1 


1 


1 


1 


2 
1 
1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


2 


2 


2 


41.3 
52.7 


79.4 


94.5 


54.2 


54.6 


20.0 
33.3 


59.0 


59. I 


35.0 


33.1 


70.0 


50.0 


38.0 


49.4 


57.2 


56.9 


29.7 


44.4 


26.9 
55.6 


108-109" 
182-1 84 O 


174-176 a 


150-151.5" 


117-121 O 


135-136.5" 


186-1 87 O 


90-91 ' 
b.p. 124-128" 


at 0 . 1 4 . 3  Torr. 
47-49 


1 1 2-1 14 


100-101 


167.5-169.5' 


85-86.5 O 


125.5-1 27.5" 


165-1 66 


158.5-159.5" 


140-141 


171.5-173" 


195-197" 


166-167.5 O 


227.5-228.5 


A 
B 


C 


C 


C 


C 


D 
E 
E 


E 


E 


E 


E 


E 


E 


F 


F 


F 


E 


E 


E 


E 


BIOLOGICAL RESULTS 


All biological testing was carried out by the Cancer Chemo- 
therapy National Service Center (CCNSC), Bethesda, Md. Com- 
pounds I-VI, VIII-X, XII-XIX, XXI, and XXII were tested 
against L1210 lymphoma over a total dose range of 40&4OO mg./kg. 
and found to be inactive. Compounds 11, 111, V, VI, X ,  XIII, and 
XV-XVIII were tested against Walker 256 carcinosarcoma over a 
total dose range of 1CO-400 mg./kg. and found to be inactive. 


EXPERIMENTAL 


2-Chloro-5-rarbomethoxy-5-methyl-l,3,2-dioxaphosphorinane 2- 
Oxide (II)-Procedure A-Phosphorus oxychloride (1  54.5 g., 


1 All melting points were determined on a Thomas-Hoover capillary 
apparatus and are corrected. IR spectra were obtained from a Perkin- 
Elmer 137 infrared spectrophotometer. Analyses were carried out by 
Midwest Microlab, Inc., Indianapolis, Ind. 
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I .01 moles) was added in small portions to stirring 2-carbomethoxy- 
2-methyl-l,3-propanediol (50.0 g., 0.337 mole) in a conical flask 
fitted with a drying tube. After the exothermic reaction had sub- 
sided, the stirring reaction mixture was heated to 90" for 4 hr. 
The reaction mixture was poured with stirring into 600 ml. of 
petroleum ether (9&120" b.p.) which had been cooled to 0" in an 
ice bath. White crystals of the phosphochloridic acid precipitated; 
they were filtered and washed with anhydrous ether, yielding 31.3 
g.or41.3z. 


And-Calcd. for CfiHloCIOsP: C, 31.52; H, 4.41. Found: C, 
31.35; H,4.35. 
2-Hydroxy-5-carbomethoxy-5-methyl-1,3,Z-dioxaphosphorinane 2- 


Oxide (III)-Procedure B-A stirring solution of I1 (42.50 g., 
0.186 mole) in 100 ml. of 95:5 acetone-water was refluxed for 3.5 
hr. and the reaction mixture was cooled overnight. The resulting 
white crystals of 111 were recrystallized from acetone, yielding 20.6 
g. or 52.7z. 


And-Calcd. for C S H ~ I O ~ P :  C, 34.25; H, 5.28. Found: C ,  
34.30; H, 5.41. 







Table II--Analytical Data for 2-Substituted-5-carbomethoxy-5-methyl-1,3,2-dioxaphosphorinane 2-Oxides 
~~~ 


-1R Bands (cm.-l) 
F -Anal., 0 


II Compd. -C---. -H---. -N- 
Number Calcd. Found Calcd. Found Calcd. Found N-H C=O P-O POC POP CCH3 OH 


1 31.52 
2 34.25 


3 


4 


5 


6 


7 35.83 
8 
9 
10 


11 
12 
13 
14 - 
15 


- 


- 


- 


- 


- 
- 
- 


- 
- 
- 


- 
- 16 


17 
18 
19 - 
20 


- 
- 


- 
- 21 


22 - 


I 
C1 


11 111 


Ei,,N ___, 


- 
- 


4.01 


4.36 


4.74 


4.15 
- 


5.96 
5.60 
5.30 


5.02 
4.68 
4.83 
5.32 
4.81 
4.91 
3.85 
4.44 
4.23 
6.11 
5.30 
5.91 


- 
- 
3.99 


4.40 


5.03 


3.97 
- 
6.04 
5.33 
5.30 


4.86 
4.75 
4.88 
5.47 
4.81 
4.67 
3.86 
4.50 
4.23 
6.30 
5.45 
5.96 


I 
OH 


v 
Scheme I V  


2-Hydroxy-5-carbomethoxy-5-methyl-1,3,2-dioxaphosphori~e 2- 
Oxide, 4-Methyhercaptoaniline Salt-Procedure C-This pro- 
cedure is representative of those used in preparation of the salts. 
A solution of 4-methylmercaptoaniline (3.31 g., 23.8 mmoles) in 
50 ml. of acetone was added dropwise to a stirring solution of I11 
(5.00 g., 23.8 mmoles) in 25 ml. of acetone, and the resulting mix- 
ture was stirred for 1 hr. a t  room temperature. White crystals of the 
salt precipitated; they were washed with acetone and dried, yield- 
ing 6.60 g. or 79.4%. 


Anal.-Calcd. for CIJNzoNOGPS: N, 4.01. Found: N, 3.99. 
Bis(5-carbomethoxy-5-methyl-2-oxo- 1,3,2 - dioxaphosphorinanyl). 


pyrophosphate (V)-Procedure D-A solution of 111 (4.60 g., 21.9 
mmoles) in 25 ml. of acetone was added dropwise to a stirring solu- 
tion of I1 (5.00 g., 21.9 mmoles) in 25 ml. of acetone at room 
temperature. An excess of triethylamine in acetone was added to 
the reaction mixture, which was then stirred for 2 hr. at room 
temperature. Triethylamine hydrochloride precipitated; the reac- 
tion mixture was chilled and filtered. The solvent was removed 
from the filtrate in vacuo; the resulting white crystals of V were 
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recrystallized from ethyl acetate-acetonitrile, yielding 1.75 g. or 
20.0%. 


Anal.-Calcd. for C,2H20012P2: C, 35.83; H, 5.01. Found: C, 
35.91; H, 5.16. 


2 - Aziridino-5-carbomethoxy-5-methyl- 1,3,2 - dioxaphosphorinane 
2-Oxide-Procedure E-This procedure is representative of those 
used in the preparation of the alkylamides of Type IV. A solution 
of aziridine (0.94 g., 21.7 mmoles) and an excess of triethylamine 
in 50 ml. of acetone was added dropwise to a stirring solution of I1 
(5.00 g., 21.9 mmoles) in 25 ml. of acetone at 0". Triethylamine 
hydrochloride precipitated immediately. The reaction mixture was 
filtered after precipitation was complete, and the solvent was 
evaporated from the filtrate in uucuo. The resulting white crystals 
of the amide were recrystallized from ether, yielding 1.70 g. or 
33.3%. 


And-Calcd. for C8HI4NOSP: N, 5.96. Found: N, 6.04. 
2-(4-Bromoanilino)-5-carbomethoxy- 5 - methyl - 1,3,2 - dioxaphos- 


phorinane 2-Oxide-Procedure F-This procedure is representa- 
tive of those used in the preparation of the arylamides of Type IV. 
A solution of 4-brornoaniline (15.04 g., 87.4 mmoles) in 50 ml. of 
benzene was refluxed with stirring for 1 hr. in an apparatus equipped 
with a Dean trap to remove moisture. A solution of I1 (10.00 g., 
43.7 mmoles) in 50 ml. of benzene was added dropwise to the stir- 
ring reaction mixture, which was then refluxed for an additional 4 
hr. CBromoaniline hydrochloride precipitated ; the reaction mixture 
was filtered while still hot and the filtrate was chilled. The resulting 
white crystals of the amide were recrystallized from benzene, yield- 
ing 9.1 g. or 57.2 %. 


Anal.-Calcd. for CltHlrBrNOsP: N, 3.85. Found: N, 3.86. 
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Presence of Diosgenin in Tissue Cultures of Dioscorea 
composita Hemsl. and Related Species 


ATUL R. MEHTA* and E. JOHN STABA 


~ ~ 


Abstract 0 Four species of Dioscorea were grown as callus and 
suspension tissue cultures on revised Murashige and Skoog's 
tobacco medium and contained diosgenin. 


Keyphrases 0 Diosgenin, presence-tissue cultures, determination 
0 Dioscorea tissue cultures-diosgenin determination 0 TLC- 
separation 0 GLC-determination 


A number of Dioscorea species (family Dioscorea- 
ceae) are cultivated commercially for their tubers which 
yield diosgenin, an important starting compound for the 
manufacture of corticosteroidal drugs. Of these, only 
D .  composita and D .  deltoidea have previously been 
established as tissue cultures. Diosgenin, however, was 
not detected in the tissue cultures of D. composita (1-4) 
while the presence of diosgenin in the callus and suspen- 
sion cultures of D .  deltoidea is reported. In this com- 
munication, the authors report the establishment of four 
species of Dioscorea as tissue cultures and their dios- 
genin content. 


EXPERIMENTAL 


Tissue Culture-Callus cultures of D. composita, D .  deltoidea, D.  
'oribunda, and D. spiculi'ora were initiated from aseptically 
germinated seedlings placed in glass vials containing revised Mura- 
shige and Skoog's tobacco medium supplemented with 1-3 p.p.m. 
2,4-dichlorophenoxyacetic acid (2,4-D). Details of the cultural 
procedures followed were described previously (5) .  Yellowish-white 
to pale-brown callus developed from the seedling within 3 4  weeks, 
and these were subcultured to fresh agar media every 4 weeks. On 
low 2,4-D medium (1 p.p.m.), root prirnordiadifferentiated from D. 
floribunda callus tissues; therefore, all callus cultures (except D .  
deltoidea) were maintained on a medium containing 3 p.p.m. 2,4-D. 
In the present investigation: (a)  callus tissues which had under- 


gone four subcultures and (b )  later grown as suspension culture 
on a reciprocal shaker for 3 weeks were assayed for the presence of 
diosgenin. Differentiated and undifferentiated tissue cultures of D .  
'oribunda were assayed separately for diosgenin. 


Analysis-The dried and acid-hydrolyzed tissues were extracted 
with benzene for TLC (qualitative) (6) or with chloroform for GLC 
(quantitative), Dried chloroform extracts and standards (diosgenin 
and cholesterol) were silylated with a Tri-Sil-pyridine mixture 
(Pierce Chemical Co., Rockford, Ill.) and assayed (Varian Aero- 


Table I-D. delfoidea-Strain I: Diosgenin Content of 
Suspension Cultures 


Diosgenin, 
Age, Medium, mg.Z Dry 


weeks G.I." PH Weightb 


2 4 . 2  6.5 454.3 
4 3.7 5.2 225.8 
6 3.0 3.2 182.4 
8 2 . 0  6.5 432.8 


10 1 . 8  6.9 302.5 


a Growth index (G.I.) = final dry weight/initial dryweight. b Average 
for cells obtained from three to five 500-ml. conical flasks containing 
100 ml. RT. 1 medium. 


Table 11-Dioscorea Tissue Cultures : Diosgenin Content and 
Growth Index 


Callus/ Suspension1 
Diosgenin Diosgenin 


Species Content" G.I.* Contents" G.Lb - 
D .  deltoidea, 


D .  jloribunda, 


D .  jloribunda, 


Strain I1 348.5 3.1 223.7 1.9 


undiff. 145.0 3.6 63.5 2.8 


diff. 94.5 3.0 65.0 2.2 
D .  spiculiflora 90.4 2.8 35.3 1.8 


Strain I 60.2 3 . 2  38.1 2.5 


Strain I1 24.5 2.4 50.9 1.7 


D . composita , 


D. composita, 


Q Diosgenin content expressed as mg. % dry weight of 4-week-old 
callus tissue or 3-week-old first generation suspension tissue. b Growth 
index (G.1.) = final dry weight/initial dry weight. 


graph model 1740 with flame-ionization detector). A 1.52-m. X 0.63- 
cm. (5-ft. X 0.25-in.) glass column containing 80-100-mesh Vara- 
port 30 coated with 3z OV-17 was used at 275". 


RESULTS AND DISCUSSION 


The quantitative assays for diosgenin from tissues and suspension 
cultures of different Dioscorea species are summarized in Tables I 
and 11. Of the species examined, maximum diosgenin content was 
present in tissue cultures of D .  deltoida and then in decreasing order 
of diosgenin production by callus tissue cultures in D .  floribunda 
(undifferentiated), D .  spiculiflora, and D .  composita. Progressive 
changes in diosgenin content in D. dettoideu cell suspensions during 
the course of culture for 10 weeks were studied (Table I). The dios- 
genin content is high initially, declines, and again rises to a high level 
at 8 weeks. Of all the cultural parameters examined, the pH of the 
medium follows a strikingly similar pattern. However, further ex- 
perimentation is needed to confirm and explain this observation 
and why D. composita was not reported earlier to contain diosgenin. 


It has been suggested (7, 8) that diosgenin is biosynthesized 
principally in the aerial parts of Dioscorea species and is then trans- 
located to the tubers where it is stored. Earlier studies (5, 6) clearly 
indicated that undifferentiated D .  deltoidea tissue cultures produced 
diosgenin, whereas root-differentiated tissue cultures produced 
very small amounts. In this study, root-differentiated cultures of D. 
floribunda produced significant amounts of diosgenin. 
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Role of Hydrophobic Interactions in 
Enzyme Inhibition by Drugs 


ERIC J. LIEN, MEHDI HUSSAIN*, and GEORGE L. TONGt 


(14, 15) of Hansch. For example, the log P of N-acetyltrypta- 
mine is calculated as follows: Abstract 0 The role of hydrophobic interactions in inhibiting the 


relatively specific enzymatic reactions of five enzyme systems by 
series of congeneric drugs has been illustrated by the use of sub- 
stituent constants and regression analysis. The inhibition of li- 
poxygenase by alcohols, the inhibition of D-amino acid oxidase by 
maleimides, and the inhibition of hydroxyindole-o-methyltransferase 
by N-acyltryptamines are found to be linearly dependent on the 


tion of carbonic anhydrase by sulfonamides is found to be linearly 
dependent on the log Pand Hammett’s u constant. For monoamine 
oxidase inhibition by substituted 8-carbolines, a parabolic equation 


drophilic character (log for maximum inhibition is found to be 
2.74. 


Keyphrases 0 Enzyme inhibitory activity-hydrophobic interac- 
tions, drugs 0 Hydrophobic interactions, drugs-enzyme inhibi- 
tory activity 0 Physicochemical constants, enzyme inhibition- 
correlation 


0 I 
lipohydrophilic character of the inhibitors (log P or r). The inhibi- H 


ZJ= 2.14 + 1.00 - 1.71 + 0.50= 1.93 = log P 


of log p gives the most significant correlation. The ideal lipohy- The steric constants, E,, are taken from Leffler and Grunwald 
(16). The equations listed in Table I1 are derived via the method of 
least squares using an IBM 360/65 computer. The inhibition con- 
stant K I ,  k‘ = (kJ&), or the concentration of an inhibitor giving 
50% inhibition of the enzyme ( 1 5 0 )  is converted to the molar basis, 
and ~ K I ,  log k ’ ,  or log 1/Z50 is used as a measure of the inhibitory 
activity. 


RESULTS 


In recent years much effort has been focused on 
elucidation of weak intermolecular forces in biological 
systems (I), especially on the importance of hydrophobic 
interactions (2-6). Various experimental methods have 
been used to estimate the hydrophobic bonding tendency 
of drug molecules, such as partitioning and chromato- 
graphic methods (3, 7). Organic solvents capable of 
forming hydrogen bonds (e.g., alcohols and esters) 
appear to give better correlations than hydrocarbons (8). 
The purpose of this paper is to correlate quantitatively 
enzyme inhibitory activity with the tendency of hydro- 
phobic interactions of series of drugs, as measured by 
the partition coefficient of 1-octanol-water. It is hoped 
that this work may shed some light on the intermolecular 
forces involved in enzyme inhibition and provide some 
clues in designing new enzyme inhibitors. 


METHOD 


The biological data given in Table I are taken from the literature 
(4, 9-12). The Hammett’s sigma constants (a) are from the com- 
pilation of Jaffk (1 3) unless otherwise stated. The log P values are 
either experimentally determined or calculated from the ?r constants 


The equations correlating enzyme inhibition with the physico- 
chemical constants are summarized in Table 11, where n is the 
number of data points used in the analysis, r is the correlation 
coefficient, and s is the standard deviation. 


In the inhibition of lipoxygenase by monohydric alcohols, the 
relative inhibitory activity is mainly determined by the lipohydro- 
philic character (log P). More than 98 (ra = 0.983) of the variance 
in the data can be accounted for by the simple linear equation 
(Eq. la). Equation lb, derived by Mitsuda et al. (4), gives a slightly 
lower correlation coefficient, presumably due to the slightly different 
log P values used. 


For the carbonic anhydrase inhibition by sulfonamides, by com- 
paring Eq. 2a with Eq. 26 one can see that the electronic term u is 
slightly more important than the log P term. The positive coefficient 
associated with u indicates that electron-withdrawing groups will 
increase the inhibitory activity. By using both terms simultaneously, 
a much better correlation is obtained (Eq. 2). The log P term in 
Eq. 2c is significant a t  97.5-percentile level, as indicated by an 
F-test (F1.16 = 7.2; K.15 0.975 = 6.2). 


The r-constant alone gives almost perfect correlation for inhibi- 
tion of D-amino acid oxidase by N-alkylmaleimides (Eqs. 3b and 
3c). By using A and u terms together, high correlation is obtained 
for the N-aryl as well as N-alkyl derivatives. The u term in Eq. 3a 
is highly significant (F1.5 = 111; F1,5 0.995 = 63.6). 


For the inhibition of hydroxyindole-o-methyltransferase by N- 
acyltryptamines, log P alone gives fairly good correlation (Eq. 44.  
By deleting three molecules with deviation greater than 2s, a better 
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lipohydrophilic character of the inhibitors (log P or r). The inhibi- H 


ZJ= 2.14 + 1.00 - 1.71 + 0.50= 1.93 = log P 


of log p gives the most significant correlation. The ideal lipohy- The steric constants, E,, are taken from Leffler and Grunwald 
(16). The equations listed in Table I1 are derived via the method of 
least squares using an IBM 360/65 computer. The inhibition con- 
stant K I ,  k‘ = (kJ&), or the concentration of an inhibitor giving 
50% inhibition of the enzyme ( 1 5 0 )  is converted to the molar basis, 
and ~ K I ,  log k ’ ,  or log 1/Z50 is used as a measure of the inhibitory 
activity. 


RESULTS 


In recent years much effort has been focused on 
elucidation of weak intermolecular forces in biological 
systems (I), especially on the importance of hydrophobic 
interactions (2-6). Various experimental methods have 
been used to estimate the hydrophobic bonding tendency 
of drug molecules, such as partitioning and chromato- 
graphic methods (3, 7). Organic solvents capable of 
forming hydrogen bonds (e.g., alcohols and esters) 
appear to give better correlations than hydrocarbons (8). 
The purpose of this paper is to correlate quantitatively 
enzyme inhibitory activity with the tendency of hydro- 
phobic interactions of series of drugs, as measured by 
the partition coefficient of 1-octanol-water. It is hoped 
that this work may shed some light on the intermolecular 
forces involved in enzyme inhibition and provide some 
clues in designing new enzyme inhibitors. 


METHOD 


The biological data given in Table I are taken from the literature 
(4, 9-12). The Hammett’s sigma constants (a) are from the com- 
pilation of Jaffk (1 3) unless otherwise stated. The log P values are 
either experimentally determined or calculated from the ?r constants 


The equations correlating enzyme inhibition with the physico- 
chemical constants are summarized in Table 11, where n is the 
number of data points used in the analysis, r is the correlation 
coefficient, and s is the standard deviation. 


In the inhibition of lipoxygenase by monohydric alcohols, the 
relative inhibitory activity is mainly determined by the lipohydro- 
philic character (log P). More than 98 (ra = 0.983) of the variance 
in the data can be accounted for by the simple linear equation 
(Eq. la). Equation lb, derived by Mitsuda et al. (4), gives a slightly 
lower correlation coefficient, presumably due to the slightly different 
log P values used. 


For the carbonic anhydrase inhibition by sulfonamides, by com- 
paring Eq. 2a with Eq. 26 one can see that the electronic term u is 
slightly more important than the log P term. The positive coefficient 
associated with u indicates that electron-withdrawing groups will 
increase the inhibitory activity. By using both terms simultaneously, 
a much better correlation is obtained (Eq. 2). The log P term in 
Eq. 2c is significant a t  97.5-percentile level, as indicated by an 
F-test (F1.16 = 7.2; K.15 0.975 = 6.2). 


The r-constant alone gives almost perfect correlation for inhibi- 
tion of D-amino acid oxidase by N-alkylmaleimides (Eqs. 3b and 
3c). By using A and u terms together, high correlation is obtained 
for the N-aryl as well as N-alkyl derivatives. The u term in Eq. 3a 
is highly significant (F1.5 = 111; F1,5 0.995 = 63.6). 


For the inhibition of hydroxyindole-o-methyltransferase by N- 
acyltryptamines, log P alone gives fairly good correlation (Eq. 44.  
By deleting three molecules with deviation greater than 2s, a better 
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Table I-Enzymological Data and the Physicochemical Constants Used in Deriving the Equations in Table I1 


R-OH 
R- Ca1cd.O Foundb log PC 


-0.30 -0.18 -0.66 CH3- 


PKI 


0.18 0.18 -0.16 CZH5- 


0.65 0.68 0.34 n-C3H7- 


0.91 0.86 0.61 s-C~HO- 


1.13 1.15 0.84 n-C4H9- 


0.46 0.37 0.14 iso-C3H- 


0.72 0.49 0.41 tert-GHg- 


1.13 0.64 iso-C4H9- 0.94 


1.39 1.34 1.11 ~so-C~HII- 
1.61 1.61 1.34 n-CSH11- 
2.08 2.10 1.84 n-C6H13- 
2.56 2.60 2.34 ff-GHl5- 


--pKr (log l/Kr)-- 
Calcd.d Founde 
4.72 4.96 
4.53 4.60 
5.15 5.30 
5.38 5.50 
5.47 5.22 
5.39 5.13 


log Pf R- 
P-CH~NH- 
p-NHz- 
pCH30- 
p-CH3- 
m-CH3- 
H- 
p-Cl- 
p-Br- 
m-Cl- 
P-CH~C- 


II 
0 


p-CN- 
m-NOZ- 
P-NG- 
3,4-clz- 
3-NG-443- 
3-CF3-6Cl- 
2-cH3- 
2-c1- 
2-NO2- 


an 
-0.59 
-0.66 
-0.27 
-0.17 
-0.07 


-0.28 
-0.78 


0.27 
0.83 
0.82 
0.31 
1.01 
1.33 
1.07 


-0.06 


0.00 
0.23 
0.23 
0.37 
0.87 


5.78 5.96 
5.96 
5.92 
5.89 


5.86 
5.92 
6.07 


5.89 
6.05 
6.15 
6.22 
6.44 


6.19 
6.12 
6.26 
6.52 
6.60 


-0.01 
0.42 
0.55 
1.77 


0.65 
0.71 
0.78 
0.50 


1.12 
1.62 
0.99 
0.90 
0.08 


0.94 
6.80 6.66 1.20 


-0.14 
0.20 
0.55 


5.45 
5.73 
5.82 


4.92 
5.62 
5.46 


HC-C 
b 


---log k' (log ki/Kz)- - 
Calcd.h Found" Calcd. i Found' lr 


pH 7.0 pH 7.5 
U 


-0.15 
-0.15 
-0.15 
-0. 15k 
-0. 15k 
-0. 15k 


0.01 
0.01k 


1.44 
1.84 
2.04 


1.43 
1.86 
2.04 


1.89 
2.27 
2.46 


1.88 
2.27 


1.00 
2.00 
2.50 2.46 


2.24 2.23 2.65 2.64 3.00 
2.44 2.45 2.84 2.87 3.50 
2.64 2.61 3.03 3.01 4.00 


-m 2.13 2.64 2.51' - 
-m 2.32 2.72 2.85' - 


-log 1/z5*- 
Calcd." Found. 


2.65 2.85 
log P 
1.93 
4.06 
3.56 
4.19 
5.00 
4.21 
4.76 
3.64 
3.57 
3.69 
3.71 
4.15 
4.32 
4.26 
4.85 


Rz- R3-  
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
E- 


RI- 
H- 
H- 
H- 
F- 
Br 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 


3.93 
3.63 
4.01 
4.50 


3.74 
3.43 
4.21 
4.30 


4.02 
4.35 
3.68 


3.96 
4.17 
3.60 
3.80 
3.70 
3.47 
4.26 


3.64 
3.71 
3.72 
3.99 
4.09 
4.05 
4.41 


4.00 
4.18 
4.26 
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Table I-(Continued) 


Rz- R3- 


4.51 
3.75 


4.70 
3.70 


5.02 
3.76 


H- 
H- 


F- 
BC- 
F- 
BC- 
H- 
H- 


H- 


H- 
H- 


H- 
H- 
H- 
H- 
CH3- 
H- 


H- 


3.71 
4.20 
4.59 
5.08 
4.11 
4.05 


3.77 
4.15 
4.66 
5.30 
3.57p 
3,42p 


3.69 
4.50 
5.15 
5.96 
4.36 
4.26 


4.54 3.96p 5.08 


-----log 1 / 1 6 0 - - - - - - - .  
Ca1cd.g Found' 
4.38 4.54 
4.65 5.00 


E8 
1.24 
0.00 


-0.07 
-0.36 
-0.39 
-0.35 
-0.19 
-0.47 
-0.39 
-0.36 
-0.07 


log P 
2.08 


R- 
H- 
CHa- 


U 


0.00 
-0.17 
-0.15 
-0.13 
-0.16 
-0.23 


0.06 


2.58 
3.08 
3.58 
4.08 


4.59 4.32 
3.82 
3.85 
2.74 


4.19 
3.45 
2.84 4.38 


1.55 3.71 
3.68 


3.40 
3.82 1.53 


2.42 
1.92 
1.42 


0.52 
-0.13 
-0.07 


0.06 


-COCH, " 


2.10 
2.18 
2.59 


3.32' 
3. 96a 
4.47" 


a Calculated from Eq. la of Table 11. b From Fig. 2 of Reference 4 .  c From Reference 19. d Calculated from Eq. 2c of Table 11. From Reference 9. 
f From References 14 and 15. a From Reference 13. h Calculated from Eq. 3a of Table 11. i From Reference 10. i Calculated from Eq. 3c of Table 11. 
k Estimated values. 2 These points are not included in Eq. 3b ofTable 11. m Not measured. nCalculated from Eq. 4b of Table 11. 0 From Reference 11. 
P These points are not included in Eq, 46 of Table 11. P From Reference 12. r Calculated from Eq. 5g of Table 11. * These points are not included in 
Eq. 5g of Table 11. 


Table II--Equations Correlating Enzyme Inhibition with Physicochemical Constants 


Enzyme Inhibitors 
Eq. log Po, 


n r S No. (95% c-1.) Equation 


Lipoxygenase 


Carbonic 
anhydrase 


ROH 


Sulfonamides 


pKr = 0.954 log P + 0.329 
pKr = 0.944 log P + 0.830 
pKr = 0.553 logP + 5.378 


pKi = 1.026 u + 5.438 
pKr = 0.259 log P + 0.886 u + 
log k' = 0.339 ?r + 4.705 u + 
log k' = 0.395 K + 1.051 
log k' = 0.382 ?r + 1.503 
log 1/150 = 0.561 log P f 1.590 


5.314 


1.745 


12 
12 
19 


19 


19 


8 
6 
6 


24 


21 
11 


11 


11 


11 


8 
8 


8 


8 


0.992 
0.984 
0.609 


0.886 


0.923 


0.988 
0.999 
0.999 
0.870 


0.948 
0.509 


0.355 


0.604 


0.648 


0.507 
0.341 


0.9GO 


0.905 


0.110 


0.492 


0.288 


0.247 


0.085 
0.018 
0.019 
0.255 


- 


0.170 
0.578 


0.628 


0.568 


0.556 


0.649 
0.707 


0.360 


0.390 


la 


2a 


2b 


2c 


3a 
3b 
3c 
4a 


1b5 


D-Amino acid 
oxidase 


Maleimides 
(at pH 7,O) 


(at pH 7.5) 
N-Acyltry p- 


tamines 
Hydroxyindole- 


o-methyltrans- 
€erase 


Monoamine 
oxidase 


log 1/150 = 0.601 log P + 1.491 
log 1/150 = 0.675 E, f 4.017 


log 1/150  = -0.216 log P + 4.494 
log 1 / 1 5 0  = -0.373 (log P)2 + 


1.907logP + 1.864 


46 
5a 


5b 


5c 2.56 
( m )  


P-Carbolines 


IOg l/lso = 0.454 E, - 0.304 
(log P)2  f 1.564 log P + 2.283 M 2.57 


5e 
5f  


5g 2.74 


( m )  


(2.32-2.98) 


log l / l s o  = 0.635 E. f 3.983 
log 1/Iso = -0.215 log P + 4.550 
log I/lso = -0.679 (log P)z  f 


3.719 log P - 0.422 


log l / l s o  = 0.140 E, -0.645 
(log P)2 + 3.544 log P 
- 0.227 5h 2.75 


(1.99-3.13) 


a From Reference 4 .  
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correlation is obtained ( r  = 0.948 for Eq. 46). The authors also 
explored the role of the electronic parameter. For the 15 molecules 
with X-Ar as Rz (Table I), neither the u of X nor the u of R1 gives 
significant improvement in correlation. Of the three poorly predicted 
molecules, two may be due to steric hindrance. one with the methyl 
group as R,, and the other with the 3,4,5-trimethoxybenzyl group 
as RI.  The fact that the observed activities of these three compounds 
are lower than the predicted values supports this argument. The 
third molecule has the 3,5-dichlorophenyl group as Rz. It is difficult 
to explain why this is poorly predicted since the one with the 3,4- 
dichlorophenyl group as RZ is slightly more active than predicted. 


For the inhibition of monoamine oxidase by 9-substituted 0- 
carbolines, Taft’s steric constant, E,, gives somewhat better correla- 
tion than log P (Eq. 5a versus 56). However, the correlation coeffi- 
cients are too low to be considered significant. Even when a (log P)2 


term is included, the correlation coefficient is still below 0.70 (Eqs. 
5c and 54. When three compounds with an alcoholic OH group are 
excluded, a parabolic equation of log P gives fairly good correlation 
(Eq. Sg). The (log P ) z  term in Eq. 5g is significant at the 99-percentile 
level ( F l , s  = 18.2; Fl.a 0.99 = 16.3). For the eight compounds 
without an OH group, neither the linear equation of E, nor that of 
log P gives a good correlation (Eqs. 5e and 5f); the addition of the E, 
term to the parabolic equation does not improve the correlation 
significantly (Eq. 5h versus 5g, R . 4  = 0.21). It is felt that an active 
function like an OH group may have its own intrinsic activity not 
possessed by the other inert substituents. For example, the H of the 
OH group might form a hydrogen bond with an atom having un- 
shared electLon pair(s). The fact that the activities of the compounds 
with the OH group are appreciably higher than what are predicted 
from Eq. 5g is in accordance with this explanation. The optimum 
lipohydrophili~ character (log PO) for the maximum inhibition is 
derived by setting (d  log 1/I50)/(d log P )  = 0 (17-19). This is the apex 
of the parabolic curve. Once this log Po is obtained, it may serve as 
a useful guidepost in designing new inhibitors. 


The importance of the hydrophobic interactions for the enzyme 
inhibition is clearly shown by the good correlations obtained by 
using log P or K with or without a u term. 


DISCUSSION 


From the correlations obtained, it is clear that in the five enzyme 
systems examined the lipohydrophilic character of the inhibitors 
plays a very important role in inhibition. The rather nonspecific 
hydrophobic interactions may be involved in two different ways: 
(a) adsorption and desorption on the macromolecule, since all 
proteins including enzymes contain 2 M 5 Z  of amino acids with 
nonpolar side chains (20), and (b) inducing proper fit at the active 
site or the allosteric site (21) by the association of the nonpolar 
groups in the presence of water molecules. At present, not enough 
data are available to differentiate which of these two is more impor- 
tant. 


It will be interesting to apply the method used in this study to  
other systems where drugs exert their activity by enzyme inhibition, 
such as choline esterase inhibitors and histidine decarboxylase 
inhibitors. 
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Cyclic Analog of Ethacrynic Acid 


M. BRAWNER FLOYD and GEORGE R. ALLEN, Jr. 


Abstract The @-unsaturated ketone (4,4-dimethyl-2-ethyl- 1 [4H]- 
naphthalenon-6-y1)oxyacetic acid (III), a cyclic analog of etha- 
crynic acid, has been prepared, and its diuretic activity on oral 
administration to rats and dogs has been evaluated. No significant 
activity was observed. 


Keyphrases 0 Ethacrynic acid cyclic analog-synthesis Diuretic 
activity-ethacrynic acid analog 0 UV spectrophotometry- 
identity 


In 1962, Schultz et al. (1) disclosed a new class of 
diuretic agents possessing general structure I. Among 
the more potent members of this series was ethacrynic 
acid (II), which has received wide acceptance as a 
pharmaceutical agent (2). The interesting activity as- 
sociated with I1 prompted the authors of this study to 
explore the preparation of cyclic congeners to assess 
their effectiveness as diuretic agents; in the present 
note they describe the preparation of 111. Independent 
of these efforts, Topliss and Konzelman (3) reported 
recently the preparation and biological properties of 
the related compounds IV (n  = 0,2). 


0 
I1 


-C=C-C-Ar-O-CH,COOH 


I 


C,HS-C-C ig OCH,COOH 


I1 


I 


II 
CH2 


0 


111 
0 


Iv 
The preparation of 111 from 4-p-anisyl-4-methyl- 


pentanoic acid (V) (4) is outlined in Scheme I. Lithium 
aluminum hydride reduction of V and treatment of the 
resulting alcohol withp-bromobenzenesulfonyl (Bs) chlo- 
ride afforded the crude brosylate VI. Formolysis of VI has 
been reported to give the rearranged tetralin VII ex- 
clusively in 59% yield along with the formate derived 
from VI ( 5 ) .  In this study, pyrolysis of VI at 150" gave 
a 3:2 mixture of tetralins VII and VIII in 74% yield. 


This result indicates the intervention of ormal ring 
closure in the absence of solvent. Mild chromic acid 
oxidation of the tetralin mixture resulted in preferential 
conversion of VII to tetralone IX. Treatment of IX with 
methyl magnesium carbonate (6 ,  7), and ethylation of 
the resulting magnesium enolate gave the crude 2-ethyl- 
tetralone X. Phenol XI was obtained by ether cleavage 
of the crude alkylation product and chromatographic 
separation from the phenols XII, derived from methyla- 
tion of IX, and XIII, derived from unalkylated IX. 
The genesis of XI1 may be a consequence of the ability 
of methyl magnesium carbonate to function as an 
alkylating agent. Reaction of XI with ethyl bromo- 
acetate and potassium carbonate in refluxing acetone 
gave the ethyl aryloxyacetate XIV. Finally, bromina- 
tion of XIV and treatment of the resulting XV with 
dilute potassium hydroxide effected saponification and 
dehvdrohalogenation to give 111. 


PHARMACOLOGY 


When administered orally to rats at 25 mg./kg., the aryloxyacetic 
acid 111 had no significant effect on urinary volume or chloride, 
sodium, and potassium-ion excretion as determined by the method 
of Cummings et al. (8). Although urine volume was slightly 
elevated in dogs that had been dosed orally at 5 mg./kg., electrolyte 
excretion was not increased (9). 


CH,O CH ,O 
V VI 


1 


CH ,O a2 
+ 


VII VIII 


1 
0 n 


CH,O & - Ro&R1 


X, R = CH,. R, =C,H, 
R, = C,H; 


XII, R = H .  R , = C H ,  
XIII, R = H. R, = H 


rx 
XI, R = H. / 


- rrr 


~H,CO,C,H, 
XIV, R = H 
XV, R = R r  


Scheme I 
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EXPERIMENTAL 


General-Melting points are uncorrected and were determined in 
open capillary tubes on a Mel-Temp apparatus. UV spectra were 
determined with a Cary recording spectrophotometer in methanol 
solution. 
4-(p-Anisyl-emethylpent-l-yl)-p-bromobenzen~~fonate (V1)-To 


a stirred suspension of lithium aluminum hydride (8.0 g.) in 250 
ml. of ether was added a solution of 4-p-anisyl-4-methylpentanoic 
acid (V, 31 9.) in 250 ml. of ether over 1.5 hr. with ice-bath cooling. 
Following the addition the mixture was refluxed with stirring for 
1.5 hr. The crude alcohol (100%) was obtained by hydrolysis with 
dilute sulfuric acid and solvent removal. 


To a stirred solution of the alcohol (27 g.) in 240 ml. of dry pyri- 
dine at -15" was added a solution of p-bromobenzenesulfonyl 
chloride (50 g.) in 130 ml. of pyridine over 5 min. The mixture was 
stirred at 0" for 30 min. and poured into water. The product was 
extracted with ether; the extracts were washed successively with 
water, cold 2 N HCI, water, saturated NaHC03, and water. The 
extract was dried and evaporated to give 53 g. (95 %) of crude VI, 
m.p. 48-55'. 


4,4-Dmethyl-6-methoxy-l-tetralone (1X)-The brosylate (51 9.) 
was heated under argon at 150" for 110 min. The cooled prod- 
uct was treated with saturated NaHC03 and extracted with 
light petroleum ether. The solution was washed with water, dried, 
and evaporated to give an amber liquid which was chromatographed 
on an alumina column, eluting with hexane and 20:l hexane-ether. 
The tetralin fraction so obtained (16.8 g.) analyzed as 60% 1,l-di- 
methyl-7-methoxytetralin (VII) and 40 isomer, presumably the 
6-methoxyisomer VIII, on gas chromatography with a hydrocarbon 
oil (Apiezon L) column at 200". 


To a solution of the tetralin mixture (16.8 8.) in 85 ml. of glacial 
acetic acid was added a solution of chromium trioxide (20 8.) in 
55  ml. of acetic acid and 10 ml. of water over 70 min. at 15-20" 
(ice bath). After standing at room temperature for 16 hr., the bulk 
of the solvent was evaporated; the resulting residue was treated 
with 5 %  H2S04. Treatment with ether, filtration through diatoma- 
ceous earth (Celite), and further extraction with 1 : 1 ether-light 
petroleum ether gave an extract which was washed successively 
with water, saturated NaHC03, and water. Distillation of the dried 
concentrate afforded IX (5.51 8.) as a pale-yellow liquid, b.p. 110-  
114" (0.14 mm.), A,,, 225 mp (€11,300); 278 mp (~10,900). 


Anal.-Calcd. for C I ~ H I ~ O ~ :  C, 76.44; H, 7.90. Found: C, 76.52; 
H, 7.78. 
4,4-Dimethyl-2-ethyl-6-hydroxy-l-tetralone (XI)-A solution of 


VIII (5.5 g.) in 60 ml. of 2.5 M methyl magnesium carbonate in 
dimethylformamide (7) was heated at 125" for 80 min. After slight 
cooling, ethyl iodide (42 g.) was added; the resulting mixture was 
refluxed for 6 hr. The reaction mixture was acidified with 4 N 
HCI and heated on the steam bath for 15 min. The reaction mixture 
was diluted with water and extracted with ether. The extract was 
washed with water, dried, and evaporated to give the crude X (6.4 g.) 
as a dark liquid. 


The crude alkylation product (5.6 g.) was added to fused pyridine 
hydrochloride at 190-200" over 5 min. under argon, and the result- 
ing mixture was stirred for 80 min. The cooled reaction mixture 
was treated with water and extracted with ether. The extract was 
washed successively with water, 2 N HCI, and water. Phenolic 
material was extracted into 0.5 N NaOH, and the extract was 
acidified with 4 N HCI. Ether extraction afforded a mixture of 
phenols which were separated by column Chromatography on silica 
gel, eluting with hexane progressively enriched in ethyl acetate. 
The most mobile component was recrystallized from acetone- 
hexane, m.p. 128-130", and consisted of XI (1.76 g.), A,,,. 227 mp 
(611,600); 279 mp (€13,400). 


And-Calcd. for CI4Hl8O1: C, 77.03; H, 8.31. Found: C, 77.39; 


The methyl derivative XI1 was recrvstallized from acetone- 
H, 8.45. 


hexane, m.p: 168-173" (50 mg.), A,,,. f27 mp (€11,900); 276 mp 
( E 13,500). 


Anal.-Calcd. for C13H1602: C, 76.44; H, 7.90. Found: C, 76.50; 
H, 7.99. 


Finally, elution gave XI11 which was recrystallized from acetone- 
hexane, m.p. 143-145" (108 mg.), A,,,. 228 mp (€12,300); 279 mp 
(€14,200). 


Anal.-Calcd. for C I ~ H ~ ~ O ~ :  C, 75.76; H, 7.42. Found: C, 75.73; 
H, 7.52. 


Intermediate fractions contained 800 mg. of an unresolved mix- 
ture of XI and XII. 
Ethyl (4,4-Dimethyl-2-ethyl-l-tetralon-6-yl)oxyacetate (X1V)-A 


mixture containing XI (1.73 g.), potassium carbonate (1.22 g.), 
and ethyl bromoacetate (1.47 g.) in 20 ml. of acetone was refluxed 
with stirring for 3 hr. The reaction mixture was diluted with water, 
rendered alkaline with 2.5 N NaOH, and extracted with ether. The 
extract was washed with water, dried, and evaporated to give XIV 
(2.5 9.) as a pale-yellow oil. 
(4,4-Dimethyl-2-ethyl-1[4H]-naphthalenon-6-yl)oxyacetic Acid 


(III-To a stirred solution of XIV (2.3 g.) in 35 ml. of chloroform 
was added a solution of bromine (1.36 8.) in 10 ml. of chloroform 
over 1.5 hr. at room temperature. After 1 hr. the solution was evapo- 
rated to give the crude bromoester XV as an orange oil. This mate- 
rial was dissolved in 300 ml. of methanol containing potassium 
hydroxide (1.67 8.) and allowed to stand in the dark for 120 hr. 
The bulk of the methanol was evaporated and the residue was 
treated with water. Acidification in the cold with 4 N HCI and ex- 
traction with ether gave a solution ofthe free acid which was washed 
with water and dried. Evaporation and recrystallization of the 
residue from methanol-water gave white crystals of I11 (1.60 g.), 
m.p. 149-151 '. Another recrystallization gave the analytical sample, 
m.p. 150-152", A,,,. 238 mp(e12,lOO); 298 mp(e10,300). 


Anal.-Calcd. for ClsHl~Oa: C, 70.06; H, 6.61. Found: C, 69.80; 
H, 6.50. 
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Preparation and Anticancer Activity of 
2-Diethylaminoethyl-cis- and -trans-methylcyclohexanecarboxylates 


ROBERT E. HARMON, PAUL A. MEULMAN, and S. K. GUPTA 


Abstract c) Pure cis- and trans-methylcyclohexanecarboxylic acids 
and their 2-diethylaminoethyl esters have been prepared. The latter 
were isolated as crystalline hydrochloride salts. They were tested 
for possible anticancer activity. 


Keyphrases c) cis-, trans-Methylcyclohexanecarboxylic acids- 
synthesis c) 2-Diethylaminoethyl-cis-, truns-methylcyclohexanecar- 
boxylic esters-synthesis, anticancer activity 0 Pharmacological 
screening-2-diethylaminoethyl-cis-, trans-methylcyclohexanecar- 
boxylic esters 


Numerous carboxylic acid esters of tertiary amino 
alcohols have shown significant pharmacological ac- 
tivity. For instance, the esters of sterically hindered 
alkyl-substituted benzoic acids have shown anesthetic 
action (1-5). Similarly, the local anesthetic action of 2- 
diethylaminoethyl ester hydrochlorides of 1 -phenyl 
and 1 -cyclohexanecarboxylic acids is comparable to that 
of cocaine (6) .  Investigations of 2-dialkylaminoethyl 
ester hydrochlorides of various 1 -methyl-3-alkyl-cy- 
clohexanecarboxylic acids revealed that these com- 
pounds were effective cardiovascular depressants (7). 
In this paper, the authors report the preparation and 
anticancer activity of 2-diethylaminoethyl-cis- and -trans- 
methylcyclohexanecarboxylate hydrochlorides. 


The cis- and trans-methylcyclohexanecarboxylic acids 
(la-Va) and their 2-diethylaminoethyl esters (lb-Vb), 
prepared for this investigation, are given in Table 1. 
The three cis-methylcyclohexanecarboxylic acids (Iu, 
IIIa, and 1Va) were prepared by the catalytic hydrogena- 
tion of the corresponding toluic acids (8, 9). trans-2- 
Methylcyclohexanecarboxylic acid (Ha) was prepared 
by heating crotonic acid with 1,3-butadiene in a sealed 
tube at 175 O (1 0). trans-4-Methylcyclohexanecarboxylic 


Table I-2-Diethylamino-cis- and -trans- 
rnethylcyclohexanecarboxylates 


m,,,, CH3 


Relative 
Con- 


figura- 
Methyl tion 
Group ofthe 
Posi- Sub- 
tion stituents Compound 


~ ~ ~~ ~~ 


2 cis- Iu, R = H ;  Ib, R=CHzCH2N(CzHs)z 
2 trutzs- IIu, R = H; IIb, R=CHCHzN(CzHa)z 
3 I I la, R = H ; II  Jb, R = CHzCHzN(CzHa)z 
4 cis- IVa, R = H ;  IIh, R=CHCHzN(CzH& 
4 rrans- V U ,  R = H; Vb, R = CHzCHnN(CzH5)z 


Cis- 


Table II-Anticancer Activity of Compounds Ib-Vb and VI 


Test Dose, Survivors Stage 
Compd. System" mg./kg. ( ) of ( ) Index 


Ib SA 
CA 
LE 


IIb SA 
CA 
LE 
HI 
HI 


IIIb SA 
CA 
LE 


IVb SA 
CA 
CA 
LE 


Vb SA 
CA 
LE 


VI SA 
CA 
LE 


125 6 
100 10 
100 6 
100 6 
200 10 
80 6 
20 6 
20 5 


250 6 
200 8 
200 6 
250 6 
200 10 
200 9 
200 6 
250 6 
200 10 
200 6 
250 6 
200 10 
200 6 


6 0.66 
10 1.26 
6 0.94 
6 0.93 


10 0.55 
6 0.87 
6 0.50 
6 0.25 
6 0.71 


I0 0.93 
6 0.88 
6 1.10 


10 0.53 
10 0.71 
6 0.93 
6 0.67 
10 0.83 
6 0.93 
6 0.96 


10 1 .oo 
6 0.88 


aSA = sarcoma-180; CA = adenocarcinoma-755; LE = L-1210 
lymphoid leukemia; and HI = HS1 human sarcoma (rat, egg). 


acid (Va) was prepared by heating the corresponding 
cis-isomer 1Va in the presence of anhydrous hydrogen 
chloride (1 1). However, all attempts to prepare pure 
trans-3-methylcyclohexanecarboxylic acid failed be- 
cause these procedures gave mixtures of cis- and 
trans-isomers which were very difficult to separate. The 
purity of the acids Ia-Va was established by comparison 
of boiling points, refractive indexes, and IR spectra with 
the literature values. The 2-diethylaminoethyl esters of 
the acids IIa-Va were prepared by the method of 
Rabjohn (12). This involved heating the potassium salt 
of the carboxylic acid with 2-chlorotriethylamine in 
toluene. All attempts to esterify the cis-2-methylcyclo- 
hexanecarboxylic acid (Ia) by this method were un- 
successful. Therefore, the acid Ia was first converted 
into 2-diethylamino-o-toluate (VI). The latter, on 
catalytic hydrogenation using Adam's catalyst, af- 
forded the 2-diethylaminoethyl-cis-2-methylcyclohex- 
anecarboxylate (Ib). However, all these 2-diethyl- 
aminoethyl esters (Ib-Vb) were obtained only as oils. 
Therefore, they were converted into crystalline hy- 
drochloride salts by treating the free esters with hydrogen 
chloride gas. The hydrochloride salts were character- 
ized by satisfactory elemental analyses and IR and 
NMR spectroscopy. 


ANTICANCER ACTIVITY 


All the 2-diethylaminoethyl-methylcyclohexanecarboxylates de- 
scribed in this paper were evaluated in the routine mouse tumor 
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Table ~-2-DiethylaminoethyI-methylcyclohexanecarboxylates 


-__-__ Anal., % -- 
Ref. Index, Hydrochloride --Calcd.-- ---Found--- 


C0mpd.a B.p. (mm. Hg.) ny Yield, % salt, m.p. C H C H 


Ib 116-118" ( 1  .OO) 1.4601 70 120-120.5 " 60.52 10.16 60.62 10.03 
116 114-1 15 (2.4-2.6) 1 .4542 85 117-117.5" 60.52 10.16 60.30 9.96 


IVb 115-116" (1.8-1.9) 1 .4551 46 123.5-1z4.5" 60.52 10.16 60.61 10.26 
Vb 1 18-1 19 O (2.2-2.4) 1.4533 73 154-1 55 60.52 10.16 60.76 10.16 


IIIb 114-1 14.5" (1.5-1 -7) 1 .4542 81 100-101 60.52 10.16 60.59 10.21 


5 All the compounds 16-Vb had empirical formula C14H&lN0~. 


screening of the Cancer Chemotherapy National Service Center, 
Bethesda, Md. (13). The results are mentioned in Table 11. None of 
the compounds prepared in this investigation showed confirmed 
anticancer activity. Hence, no correlation could be drawn between 
an equatorial-equatorial or an axial-equatorial arrangement of the 
methyl and the diethylaminoethoxycarbonyl groups on the cyclo- 
hexane ring of a compound and the anticancer activity of that com- 
pound. 


EXPERIMENTAL 


The melting points were determined with a Thomas-Hoover 
Unimelt apparatus and are uncorrected. Microanalyses were per- 
formed by Galbraith Laboratories Inc., Knoxville, Tenn. The IR 
spectra were recorded on a Beckman IR-8 spectrophotometer. 
The NMR spectra were obtained with a Varian A-60 spectrometer. 


Preparation of Methylcyclohexanecarboxylic Acids Ia-Va- 
cis-2-Methylcyclohexanecarboxylic acid (Ia) was prepared by 
catalytic hydrogenation of o-toluic acid by the procedure of Mac- 
Beth et al. (9) and Cope et al. (8). It had b.p. 130-130.5" (10 mm.), 
n y  1.4631 [lit. (9) b.p. 119" (11 mm.), ny 1.46441. 


trans-2-Methylcyclohexanecarboxylic acid (IIa) was prepared by 
heating crotonic acid with 1,3-butadiene in a pressure vessel by the 
procedure of Diels and Alder (10). It had m.p. 51-52.5" [lit. (14) 
m.p. 52"]. 


cis-3-Methylcyclohexanecarboxylic acid (IIIa) was prepared by 
the catalytic hydrogenation of m-toluic acid by the procedure of 
Darling et al. (15). It had b.p. 98-99" (1.3-1.8 mm.), nz 1.4561 
[lit. (1 5) b.p. 98-99' (1.2 mm.), ng 1 ,45701. 


cis-4Methylcyclohexanecarboxylic acid (IVa) was prepared by 
the hydrogenation of p-toluic acid by the procedure of Delephine 
and Badoche (11). It had b.p. 96.5-98" (1.25-1.70 mm.), ny 1.4581 
[lit. (11) b.p. 128-130" (13 mm.), n'," 1.46051. 


trans-4-Methylcyclohexanecarboxylic acid (Va) was prepared by 
heating IVa in the presence of hydrogen chloride gas by the pro- 
cedure of Delephine and Badoche (11). It had m.p. 108-110" [lit. 
(11) m.p. 1 1  1 "1. 


Preparation of 2-Diethylaminoethyl Esters-2-Diethylaminoethyl- 
ci~-2-methylcyclohexanecarboxylafe (Ib)-To a solution of o- 
toluoyl chloride (23.8 g., 0.153 mole) in anhydrous ether (50 ml.) 
was added in small portions, with shaking and cooling, freshly 
distilled 2-diethylaminoethanol (0.380 mole). The reaction mixture 
was allowed to stand at room temperature overnight. A saturated 
solution of sodium carbonate (100 ml.) and ether (50 ml.) was added 
to the solution. The ether layer was separated and the aqueous 
layer extracted with ether twice. The combined ether extracts 
were washed with water, dried (Na2S04), and evaporated to yield 
an oil. Fractional distillation of the oil afforded 31.0 g. (75 %) of 2- 
diethylaminoethyl-o-toluate (Vl) as a colorless oil, b.p. 133-1355' 
(1.9-2.1 mm.), n y  1.5021. A solution of VI (9.8 g., 0.042 mole) in 
glacial acetic acid (60 ml.) was mixed with platinum oxide (0.31 8.) 
and hydrogenated at 60 p.s.i. pressure of hydrogen gas. The tem- 
perature was maintained at 90" for 5 hr. and at room temperature 
for 16 hr. The catalyst was removed by filtration and the filtrate 
evaporated under reduced pressure (100 mm.) to get rid of all the 
acetic acid. Fractional distillation of the residual oil afforded 7.0 g. 
(70%) of 2-diethylaminoethyl-cis-2-methylcyclohexanecarboxylate 
(Ib) as a colorless oil, b.p. 11~118" (1 mm.), n"," 1.4601. 


For the sake of characterization, a small amount of Ib was con- 
verted into its crystalline hydrochloride salt by adding dropwise 


an ethereal solution of hydrogen chloride to an ethereal solution of 
Ib until the solution became acidic, The precipitated hydrochloride 
salt was filtered and recrystallized from absolute ethanol-ether. 
It had m.p. 120-120.5". 


General Procedure for the Preparation of Esters IIb-Vb-Es- 
terification of the methylcyclohexanecarboxylates Ira-Va was 
carried out by the method of Rabjohn (12). This procedure in- 
volved heating the potassium salt of the carboxylic acid with 2- 
chlorotriethylamine hydrochloride in toluene during 25-30 hr. 
Filtration (to remove the precipitated KCI), removal of toluene by 
evaporation under reduced pressure, and fractional distillation 
afforded the esters IIb-Vb in 7&90$ yields. The boiling points, re- 
fractive indexes, and yields of the esters IIhVb are given in Table 111. 
All the esters were converted into crystalline hydrochloride salts by 
bubbling anhydrous hydrogen chloride gas into an ethereal solution 
of the ester until the solution turned acidic. The precipitated hy- 
drochloride salts were filtered and recrystallized from absolute 
ethanol-ether. The melting points and analyses are also given in 
Table 111. 


REFERENCES 


(1) J. T. Bryan and P. A. Foote, J. Amer. Pharm. Ass., Sci. 


(2) J. T. Bryan, W. M. Lauter, and P. A. Foote, ibid., 42, 437 


(3) L. B. Dale, Jr., and E. Voss, ibid., 42, 685( 1953). 
(4) M. B. Moore, ibid., 40, 388(1951). 
( 5 )  N. Rabjohn, J. W. Franabarger, and W. W. Lindstronberg, 


(6) J. Levy and B. Tchoubar, C. R. Soc. B i d ,  141, 257(1947); 


(7) M. S. Ziegler and R. M. Herbst, J .  Org. Chem., 16, 920 


(8) A. C. Cope, A. Fournier, Jr., and H. E. Simmons, Jr., 


(9) A. K. MacBeth, J. A. Mills, and D. H. Simmonds, J.  


(10) 0. Diels and K. Alder, Ann., 470,9%1929). 
(11) M. Delephine and M. Badoche, Ann. Chim., 17, 179(1942); 


(12) N. Rabjohn, U. S. Pat. 2,831,016(1958). 
(13) "Protocols for Screening Clinical Agents and Natural 


Products against Animal Tumors and other Biological Systems," 
Cancer Chemoiher. Rept., 25, l(1962). 


(14) A. Skita, H. Hauber, and R. Schonfelder, Ann., 431, 1 
(1923). 
(15) L. H. Darling, A. K. MacBeth, and J. A. Mills, J.  Chem. 


Sue., 1953, 1364. 


Ed., 39, 644(1950). 


(1953). 


J. Org. Chem., 20, 271(1955). 


through Chem. Abstr., 42, 1351(1947). 


(1951). 


J .  Amer. Chem. Sue., 79, 3905(1957). 


Chem. Soc., 1949, 1011. 


through Chem. Abstr., 37, 5951'(1943). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received October 22, 1969, from the Department of Chemistry, 


Accepted for publication January 19, 1970. 
Abstracted in part from a thesis submitted by P. A. Meulman 


to Western Michigan University in partial fulfillment of Master of 
Arts degree requirements. 


This work was supported by Grant No. CY. 4075-C2 from the 
National Institutes of Health. 


Western Michigan University, Kalatnuzoo, MI 49001 


872 Journal of Pharmaceutical Sciences 








Absorption of Clindamycin from the Buccal Cavity 


MILDRED J. TARASZKA 


n 


Abstract 0 Clindamycin, which is known to be absorbed from the 
gastrointestinal tract, was absorbed extremely slowly, or possibly 
not at all, from the buccal cavity a t  various pH values. This find- 
ing indicates that buccal absorption alone cannot be used to 
predict the gastrointestinal absorption of a compound. 
Keyphrases Clindamycin-buccal absorption 0 Drug absorp- 
tion, buccalLclindamycin 0 GLC-analysis 


Recently, several investigators (1-3) have proposed 
the method of buccal absorption as an example of 
an in ciuo model of drug partitioning into, or passive 
drug transfer through, a lipid membrane. They also 
proposed the buccal absorption test for predicting 
the relative absorption and excretion of compounds in 
biological systems. Since clindamycin (I)' is well ab- 
sorbed from the human gastrointestinal tract (4-6), it 
was of interest to determine the pH profile for buccal 
absorption of clindamycin. Clindamycin is an antibiotic 
which is synthetically derived from lincomycin (7, 8). 


Figure 1-Typical gas 
chromatogram of a sil- 
anized clindamycin 
buccal solution. Key: 


5 Peak I ,  column-thermal 
4 degradation product of 


clindamycin; Peak 2, 
4'-ethyl analog of clind- 
amycin; Peak 3, clirrd- 
amycin; Peak 4, saliva 
impurity; and Peak 5, 
internal standard chol- 


clindamycin 
I 


EXPERIMENTAL 


Absorption Studies-The buccal absorption procedure was es- 
sentially the same as that used by Beckett and Triggs (1). The subjects 
were instructed to hold 25 ml. of buffer containing 1 mg. of the base 
form of the compound in their mouths for a given time interval. Dur- 
ing this interval they kept the solution in constant movement with 
tongue-and-cheek action. At the end of the time interval, the solu- 
tion was expelled into a 60-ml. Teflon-stoppered, separatory fun- 
nel. Immediately the mouth was given a 10-sec. rinse with 10 ml. 
of deionized water. The water rinse was combined with the previ- 
ously expelled solution. The amount of compound unabsorbed 
was measured by extraction and GLC. 


Standards were prepared by having the subjects hold plain buffer 
in their mouths. Various amounts of compound were then added 
to the expelled solution in the separatory funnels and used as 
standards. 


To ensure that the buccal-absorption methodology was in agree- 
ment with that used in the literature, a I-mg. sample of benzphet- 
amine base in 25 ml. of pH 8.5 phosphate buffer was tested. In two 
separate experiments, 76 and 79% of the benzphetamine samples 
were buccally absorbed in 5 min.; these results are in agreement with 
the data presented by Beckett and Triggs (1). 


Assay for Clindamycin-The pH of the buffer solution in the 
separatory funnel was adjusted to pH 11 with NaOH, and 2 ml. of a 
water-saturated chloroform solution containing 0.3 mg./ml. of 


1 Cleocin, The Upjohn Co., Kalamazoo, Mich. 


Table &Standard Samples 


Weight of Peak Area Ratio 
Clindamycin, mg. Clindamycin-Internal Standard 


1.0 
0.9 
0.6 
0 .4  
0.2 
0 . 1  


1.080 
0.898 
0.606 
0.395 
0.224 
0.092 


cholesteryl acetate as an internal standard was added. The separa- 
tory funnel was shaken vigorously for 1.5 min., and the cloudy 
chloroform layer collected in a centrifuge tube. The tubes were 
centrifuged at 10" for 1&15 min. at 12,000 r.p.m. to break the 
suspension. Approximately 1 ml. of the chloroform layer was 
transferred to a 2-ml. volumetric flask and evaporated to dryness 
under a dry stream of air. Then 0.4 ml. of hexamethyldisilazane 
was added and the flask was shaken to dissolve the residue. One- 
tenth milliliter of trifluoroacetic acid was added, and the flask was 
allowed to stand for 1 hr. for complete reaction. Gas chromatog- 
raphy of clindamycin tris-trimethylsilyl ether was carried out using 
glass columns 50.80 cm. x 1.27 cm. (20 in. x 0.5 in.) packed with 
Gas Chrom Q, 8&100 mesh, and coated with 1 % OV-1. The oven 
temperature was 210" and the carrier gas  (He) flow was 60 ml./min. 
Assay for Benzphetamine-The assay for benzphetamine is 


similar to that for clindamycin, except 3 ml. of chloroform solution 
containing 0.75 pl. nicotine as an internal standard was added to 
the separatory funnel. The collected chloroform layer was gas 
chromatographed using glass columns packed with Diaport S, 
60-80 mesh, and coated with 6% LAC-728. The oven temperature 
was 180' and the carrier gas  (He) flow was 50 ml./min. 


Ionization Constant for Clindamycin-Twenty-milliliter samples 
of clindamycin (1.5 X 10-3 M) were titrated with 0.1 M KOH in a 
radiometer type SBRYSBUl titrigraph. A pKa of 7.72 f 0.04 
(R f U )  was evaluated from the continuously recorded titration 
curves at 25 '. 


RESULTS AND DISCUSSION 


A typical gas chromatogram of clindamycin from buffered saliva 
solutions is shown in Fig. 1. An impurity extracted from saliva is 
present (Peak 4 in Fig. 1) but does not interfere with the assay. 
The 4'-ethyl analog of lincomycin (Peak 2 in Fig. 1) is an antibiotic 
produced at about the 3% level in the microbiological synthesis of 
lincomycin (9). Since clindamycin is synthesized from lincomycin, 
the 4'-ethyl analog of clindamycin was present in small amounts 
in the clindamycin samples. The total area under Peaks 1, 2, and 3 


W cn z 
0 


fn W 
a 


a 
a e Y 
b 
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Table 11-Absorption of Clindamycin from the Buccal 
Cavity at Various pH Values and Time Intervals 


Time Ab- 
Interval sorbed 


in Clinda- 
Mouth, mycm, 


Subject Buffer PH min. z 
1 Citrate 4 . 0  5 0 
1 Phosphate 7 .5  5 2 
1 Phosphate 8 . 5  5 0 
1 Phosphate 8 .5  15 12 


2 Phosphate 8 .5  5 4 
1 Deionized HzO 6.9. 15 6 


~ ~~ ~ 


pH at end of absorption experiment. 


was used to calculate clindamycin in the assay. Table I gives the 
peak area ratios of clindamycin-internal standard for various 
known amounts of clindamycin and is typical of the GLC 
quantitation. 


The results of buccal absorption of clindamycin for two subjects 
are presented in Table 11. One milligram of clindamycin base per 
25 ml. solution was used for each experiment. Within experimental 
error, no clindamycin was absorbed buccally in 5 min. at pH 4, 
7.5, or 8.5. A small amount of clindamycin may have been absorbed 
after 15 min. at pH 8.5, or this indicated absorption may have been 
due to the swallowing of a portion of the solution during the longer 
time interval. In contrast to the poor buccal absorption, clindamycin 
is well absorbed from the gastrointestinal tract (4-6). 


The data of Bickel and Weder (3) indicated that at p H  7.4 the 
buccal absorption of imipramine and similar compounds could be 
related to lipid solubility as measured by partition values. At this 
pH, imipramine with an apparent partition coefficient (diethyl- 
ether-water) of 140 was absorbed to the extent of approximately 
60z. The true partition coefficient,2 k ,  for clindamycin between 
diethylether and water is 9.8 at 25” (10). The apparent partition 


2 The true partition coefficient, k ,  equals the concentration of union- 
ized species in the organic phase per the concentration of the unionized 
species in the aqueous phase. 


coefficient of clindamycin at pH 7.4 was calculated (11) to be 3 
from the above k and the pKa. This indicates that the lower lipid 
solubility of clindamycin relative to imipramine could partially 
account for the poor buccal absorption of clindamycin. However, 
it does not explain the difference between the poor buccal absorp- 
tion and the excellent gastrointestinal absorption of clindamycin. 
This difference in absorption may be due to the differences in 
surface area, transport mechanisms, and/or mucous membrane 
pH between the buccal cavity and the gastrointestinal tract. 
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Effect of Polysorbate 80 and Oleic Acid on 
Drug Absorption from the Rat Intestine 


GERHARD LEVY and AINO PERALA* 


Abstract 0 Low concentrations of polysorbate 80 and oleic acid, 
which enhance drug absorption across the external membranes of 
goldfish, have no apparent effect on the absorption of salicylate, 
salicylamide, and 4-aminoantipyrine from the in situ rat small 
intestine. 


Keyphrases 0 Polysorbate 80, oleic a c i d 4 r u g  absorption rate, 
effects, rat intestine Absorption rate, rat intestine-polysorbate 
80, oleic acid, effects Drugs, absorption-polysorbate 80, oleic 
acid, effects, rat intestine 0 Oleic acid, polysorbate 80-drug ab- 
sorption rate, rat intestine, effects 


Polysorbate 80 and oleic acid enhance the rate of 
drug absorption by goldfish immersed in drug solutions 
containing low concentrations of one of these substances 
(1-4). The purpose of this study was to  determine if 


polysorbate 80 and oleic acid can also increase the ab- 
sorption rate of certain drugs from the small intestine 
of the rat. 


EXPERIMENTAL 


Drug absorption was studied by the in sifu rat gut technique of 
Doluisio ei al. ( 5 )  with the following modifications: (a )  Sprague- 
Dawley rats (weighing approximately 220 g.) were anesthetized 
with 1.5 mg. urethanlg. body weight (rather than 1 mg./g.); (6)  the 
animals were hydrated immediately after urethan administration by 
an intraperitoneal injection of 5 rnl. normal saline solution; (c) the 
gut was first rinsed with the perfusion solution ( 5 )  and then with the 
drug solution; and ( d )  7 ml. (rather than 10 ml.) of the drug solution 
was placed in the intestine for the absorption experiment. 


The drug solutions contained 200 or 400 mg. % salicylic acid, 1501 
or 300 mg. % salicylamide, or 50 or 100 mg. % 4-aminoantipyrine in 
Sorensen’s buffer of pH 6.0. Solutions containing the low concentra- 
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Table 11-Absorption of Clindamycin from the Buccal 
Cavity at Various pH Values and Time Intervals 


Time Ab- 
Interval sorbed 


in Clinda- 
Mouth, mycm, 


Subject Buffer PH min. z 
1 Citrate 4 . 0  5 0 
1 Phosphate 7 .5  5 2 
1 Phosphate 8 . 5  5 0 
1 Phosphate 8 .5  15 12 


2 Phosphate 8 .5  5 4 
1 Deionized HzO 6.9. 15 6 


~ ~~ ~ 


pH at end of absorption experiment. 


was used to calculate clindamycin in the assay. Table I gives the 
peak area ratios of clindamycin-internal standard for various 
known amounts of clindamycin and is typical of the GLC 
quantitation. 


The results of buccal absorption of clindamycin for two subjects 
are presented in Table 11. One milligram of clindamycin base per 
25 ml. solution was used for each experiment. Within experimental 
error, no clindamycin was absorbed buccally in 5 min. at pH 4, 
7.5, or 8.5. A small amount of clindamycin may have been absorbed 
after 15 min. at pH 8.5, or this indicated absorption may have been 
due to the swallowing of a portion of the solution during the longer 
time interval. In contrast to the poor buccal absorption, clindamycin 
is well absorbed from the gastrointestinal tract (4-6). 


The data of Bickel and Weder (3) indicated that at p H  7.4 the 
buccal absorption of imipramine and similar compounds could be 
related to lipid solubility as measured by partition values. At this 
pH, imipramine with an apparent partition coefficient (diethyl- 
ether-water) of 140 was absorbed to the extent of approximately 
60z. The true partition coefficient,2 k ,  for clindamycin between 
diethylether and water is 9.8 at 25” (10). The apparent partition 


2 The true partition coefficient, k ,  equals the concentration of union- 
ized species in the organic phase per the concentration of the unionized 
species in the aqueous phase. 


coefficient of clindamycin at pH 7.4 was calculated (11) to be 3 
from the above k and the pKa. This indicates that the lower lipid 
solubility of clindamycin relative to imipramine could partially 
account for the poor buccal absorption of clindamycin. However, 
it does not explain the difference between the poor buccal absorp- 
tion and the excellent gastrointestinal absorption of clindamycin. 
This difference in absorption may be due to the differences in 
surface area, transport mechanisms, and/or mucous membrane 
pH between the buccal cavity and the gastrointestinal tract. 
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Effect of Polysorbate 80 and Oleic Acid on 
Drug Absorption from the Rat Intestine 


GERHARD LEVY and AINO PERALA* 


Abstract 0 Low concentrations of polysorbate 80 and oleic acid, 
which enhance drug absorption across the external membranes of 
goldfish, have no apparent effect on the absorption of salicylate, 
salicylamide, and 4-aminoantipyrine from the in situ rat small 
intestine. 


Keyphrases 0 Polysorbate 80, oleic a c i d 4 r u g  absorption rate, 
effects, rat intestine Absorption rate, rat intestine-polysorbate 
80, oleic acid, effects Drugs, absorption-polysorbate 80, oleic 
acid, effects, rat intestine 0 Oleic acid, polysorbate 80-drug ab- 
sorption rate, rat intestine, effects 


Polysorbate 80 and oleic acid enhance the rate of 
drug absorption by goldfish immersed in drug solutions 
containing low concentrations of one of these substances 
(1-4). The purpose of this study was to  determine if 


polysorbate 80 and oleic acid can also increase the ab- 
sorption rate of certain drugs from the small intestine 
of the rat. 


EXPERIMENTAL 


Drug absorption was studied by the in sifu rat gut technique of 
Doluisio ei al. ( 5 )  with the following modifications: (a )  Sprague- 
Dawley rats (weighing approximately 220 g.) were anesthetized 
with 1.5 mg. urethanlg. body weight (rather than 1 mg./g.); (6)  the 
animals were hydrated immediately after urethan administration by 
an intraperitoneal injection of 5 rnl. normal saline solution; (c) the 
gut was first rinsed with the perfusion solution ( 5 )  and then with the 
drug solution; and ( d )  7 ml. (rather than 10 ml.) of the drug solution 
was placed in the intestine for the absorption experiment. 


The drug solutions contained 200 or 400 mg. % salicylic acid, 1501 
or 300 mg. % salicylamide, or 50 or 100 mg. % 4-aminoantipyrine in 
Sorensen’s buffer of pH 6.0. Solutions containing the low concentra- 
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Table I-Effect of Polysorbate 80 and Oleic Acid on the Intestinal Absorption of Salicylate, Salicylamide, and 4-.4minoantipyrine in Rats 


Concentrations I Meana Absorption Half-Life, min. (SD)- 7 


Drug Used, mg./100 ml. High Conc. Low Conc. With Polysorbate 80* With Oleic Aci& 


Salicylic acid 200; 400 8.2(0.7) 8.9 (1.7) S .S( l .5 )  8.6(2.4) 
Salicylamide 150; 300 9.5 (2.9) 9 .2  (2.0) 9 .5  (2.5) 8.7 (0.7) 
4-Aminoantipyrine 50; 100 12.9 (1.4) 13.4 (1.6) 14.0 (0.8) 15.3 (1.9) 


Mean of 3 to 5 experiments. 1, The solutions contained the low drug concentration and 0.03 % polysorbate 80. c The solutions contained the low 
drug concentration and 0.1 % oleic acid. 


tions of drug and 0.03 polysorbate 80 or 0.1 % oleic acid were also 
prepared. The concentrations of salicylic acid and salicylamide were 
determined in suitably diluted and acidified samples by the method 
of Trinder (6). The concentration of 4-aminoantipyrine was deter- 
mined by the method of Brun (7), as modified by Levy and Miller 
(8). 


RESULTS AND DISCUSSION 


The results of the absorption experiments are summarized in 
Table 1. In agreement with Doluisio et a/. (5 ) ,  it was found that 
the concentration of salicylic acid in the intestinal solution decreased 
exponentially for at least two half-lives. The absorption half-life of 
salicylic acid was 8-9 min. in this study, compared to 8 min. re- 
ported by Doluisio et al. Contrary to the observations of those 
workers, the authors of this study noted considerable ( 2 5 0 % )  net 
absorption of water, which was reduced somewhat by hydrating 
the animals and reducing the volume of the solution in the intestine 
from 10 to 7 ml.1 


The absorption of salicylamide from the rat intestine was some- 
what slower than that of salicylate (even though the former was 
essentially nonionized while the latter was almost fully ionized), and 
the absorption of 4-aminoantipyrine was even slower. Polysorbate 
80 and oleic acid had no apparent effect on the absorption of these 
three drugs, on water absorption, and on the gross appearance of 
the small intestine. The concentration of oleic acid used in this 
study was slightly in excess of solubility in order to maintain a 
reasonably constant concentration during the experiment. 


The lack of effect of polysorbate 80 and oleic acid on drug ab- 
sorption from the small intestine of the rat is in contrast to the 
pronounced absorption-enhancing effect of similar low concentra- 
tions of these substances in goldfish (1-4). The absorption and ex- 


In more recent studies in this laboratory, the volume of intestinal 
solution is maintained essentially constant by adding drug-free solvent 
at each sampling time. Absorption rate constants obtained under these 
conditions are somewhat smaller than the rate constants obtained by 
thc method used in this study. 


sorption rate constants of 4-aminoantipyrine in goldfish are in- 
creased almost twofold by 0.01 % polysorbate 80 (3). The absorption 
of barbiturates by goldfish is enhanced appreciably by polysorbate 
80 and oleic acid in low concentrations (1,2,4). However, while the 
external membranes of goldfish and the rat intestine have the char- 
acteristics of a lipoid barrier and yield qualitatively similar (i.e., the 
same rank order) results in their respective permeability to a series 
of drugs with different lipoid-water partition coefficients (9), the 
two types of membranes do differ in their response to certain addi- 
tives. Thus, the goldfish membranes are exquisitely sensitive to such 
substances as sodium lauryl sulfate and salicylic acid (unpublished 
observations), and become more permeable when exposed to poly- 
sorbate 80 and certain other surface-active substances (14). On the 
other hand, the in situ rat small intestine appears to be much more 
resistant to these substances. 
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New Compounds: Potential Antidiabetics IV: 
1- (2,4-Dinitrophenyl) -3,5-diphenyl- 
4-arylazopyrazoles and 1-Carbamoyl- 
3,5-diphenyl-4-arylazopyrazoles 


H. G. GARG and PREM PAL SINGH 


RN=NC- CC85 
II II 


H$G-C, N ,N 


1 
hydrazine DNP 


I1 
C6H5 COCCOCGHS 


semicarbazide 
II 
I hydrochloride RN=Ni-ECGH5 
NNHR 


HF,-GN,N 


I 
CONHZ 


111 


R = substituted phenyl 
DNP = 2,4-dinitrophenyl 


Scheme I 


Abstract 0 A series of 1-(2,4-dinitrophenyl)-3,5-diphenyl-4-aryl- 
azopyrazoles and l-carbamoyl-3,5-diphenyl-4-arylazopyrazoles 
have been synthesised by the condensation of the corresponding 
1,3-diphenyl-2-arylhydrazono-1,2,3-propanetriones with 2,4- 
dinitrophenylhydrazine and semicarbazide hydrochloride, re- 
spectively. 


Keyphrases IJ Antidiabetics-synthesis, pyrazoles, isoxazoles 
1-(2,4-Dinitrophenyl)- 3 3  - diphenyl-4- arylazopyrazoles-synthesis, 
potential hypoglycemics 0 l-Carbamoyl-3,5-diphenyl-4-arylazo- 
pyrazoles-synthesis, potential hypoglycemics 


Numerous derivatives of pyrazoles and isoxazoles have 
been prepared for testing their antidiabetic activity (1-4). 
The compounds 1-phenyl-3-methyl-4-arylhydrazono-2- 
pyrazolin-5-ones have shown encouraging antidiabetic 
activity in experimental animals (5). To examine their 
hypoglycemic activity, a series of 1-(2,4-dinitrophenyl)- 
3,5-diphenyl-4-arylazopyrazoles and 1-carbamoyl-3,5- 
diphenyl-4-arylazopyrazoles have been prepared and 
are reported in the present communication. 


Precursors 1,3-diphenyl-2-arylhydrazono-1,2,3-pro- 
panetriones (I) were obtained by coupling diazotized 
anilines with 1,3-diphenyl-1,3-propanedione (4). 2,4- 
Dinitrophenylhydrazine and semicarbazide hydrochlo- 


Table I-Characteristics of 1-(2,4-Dinitrophenyl)-3,5-diphenyl-4-arylazopyrazoles 


Yield, 7- Anal., %--- 
No. R z M.p. Color Formula Calcd. Found 


~ 


2-Nitrophenyl 


3-Nitropheny l 


3-Chlorophenyl 


55 


65 


60 


Red 


Red 


Orange 


crystals 


crystals 


N, 18.3 


N, 18.3 


C, 61.8 
H, 3 . 2  
N, 15.4 
N, 15.4 


N, 16.6 


N, 16.6 


C, 66.7 
H, 4.0 
N, 16.6 
N, 16.1 


N, 15.7 


N, 15.7 


N, 18.0 


N, 18.1 


C, 61.6 
H, 3.4 
N, 15.0 
N, 15.3 


N, 16.4 


N, 16.3 


208-209 


196-197 O 


203 O 


4-Chlorophenyl 


2- Methy lpheny I 


3-Methylphenyl 


CMethylphenyl 


75 


70 


55 


50 


186" 


228-229 O 


198-1 99 


163" 


Orange 


Orange 


Yellow- 


needles 


needles 


orange 


crystals 
Red C, 66.6 


H, 4 .1  
N, 16.1 
N, 16.0 8 


9 


10 


2- Methoxyphenyl 


2-Ethoxyphenyl 


4-Ethoxyphenyl 


50 


60 


65 


233" 


221-222 


132" 


Orange-red 
needles 


Orange 
needles 


Pale- 
yellow 
needles 


Orange 


Orange 


Orange 


Dark 


Orange 


needles 


brown 


N, 15.6 


N, 15.4 


N, 17.0 


C1, 12.4 


N, 16.0 


N, 15.0 


11 


12 


13 


14 


15 


CSulfamoyl- 55 


75 


60 


55 


65 


132-133" 


233" 


238-239" 


242-243" 


224" 


N, 17.2 


C1, 12.7 


N, 16.2 


N, 15.2 


phenyl 
2.5-Dichloro- 


phenyl 


phenyl 
2,5-Dimet hyl- 


2,5-Dimethoxy- 
phenyl 


2-Chloro-6- 
methylphenyl 


C, 62.4 
H, 3.5 
N, 15.6 


C, 62.2 
H, 3.4 
N, 15.1 
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Table 11-Characteristics of l-Carbamoyl-3,5-diphenyl-4-arylazopyrazoles 
~ ~~~ ~~~~~ ~ ~ ~ 


Yield, -Anal., %--- 
No. R z M.p. Color Formula Calcd. Found 


1 


2 


3 


4 


5 
6 


7 
8 


9 
10 


11 
12 


13 


2-Nitrophenyl 


3-Nitrophenyl 


2-Methylphenyl 


3-Met hylphenyl 


4-Methylphenyl 
2-Methoxyphenyl 


3-Methoxyphenyl 
4-Methoxyphenyl 


2-Ethoxyphenyl 
4-Sulfamoyl- 


phenyl 
2,5-Dichlorophenyl 
2.6-Dichloro- 


phenyl 


phenyl 
2,5-Dimethyl- 


60 


50 


50 


45 


65 
50 


45 
55 


50 
60 


70 
75 


60 


193-194 O 


265266 ' 


192-193' 


242-243 


219-220" 
18&181" 


157' 
168-17' ' 


163- 1 65 
250-251 O 


207-209 O 


161-162" 


186-187" 


Orange 
fibers 


Orange 


Orange 


Orange 
fibers 


Orange 
Orange 


Red 
Orange 


fibers 


Orange 
Orange 


Orange 
Orange 


Orange 
needles 


N, 20.3 


C, 64.1 
H, 3.9 
N, 20.3 
C, 72.4 
H, 4.9 
N, 18.3 
N, 18.3 


N, 18.3 
C, 69.5 
H, 4.8 
N, 17.6 
N, 17.6 
C, 69.5 
H, 4.8 
N, 17.6 
N, 17.0 
N, 18.8 


C1,16.2 
CI, 16.2 


C, 72.9 
H, 5.3 
N, 17.7 


N, 20.0 


c, 64.1 
H, 4.0 
N, 19.9 
C, 72.2 
H, 4.8 
N, 17.9 
N, 18.2 


N, 18.0 
C, 69.4 
H, 4.6 
N, 17.2 
N, 17.5 
C, 69.6 
H, 4.9 
N, 17.1 
N, 17.2 
N, 18.5 


CI, 16.0 
CI, 16.3 


C, 72.8 
H, 5.1 
N, 17.2 


ride react with I to yield 1-(2,4-dinitrophenyl)-3,5-di- 
phenyl-4-arylazopyrazoles (11) (Table I) and l-car- 
bamoyl-3,5-diphenyl-4-arylazopyrazoles (111) (Table 11) 
congeners, respectively. They are all highly colored 
crystalline compounds and are soluble in common 
organic solvents. 


EXPERIMENTAL. 


Melting points were taken with a Kofler hot stage apparatus and 
are uncorrected. 
1,3-Diphenyl-2-arylhydrazono-1,2,3-propanetriones @)-These 


were prepared by coupling aryldiazonium salts, prepared from 
anilines, with 1,3-diphenyl-1,3-propanedione (4). 
1-(2,4-Di~tropheny1)-3~-diphenyl-4-phenylazop~azole (II, R = 


C&)-To 1,3-diphenyl-2-phenylhydrazono-1,2,3-propanetrione 
(0.82 g., 0.0025 mole) in glacial acetic acid (25 ml.) was added 
2,4-dinitrophenylhydrazine (0.50 g., 0.0025 mole) in ethyl alcohol 
(15 ml.) containing concentrated sulfuric acid (2 ml.). The mixture 
was refluxed for 8 hr. On cooling, shining crystals separated out 
which were recrystallized from alcohol (0.60 g., 50%) as yellow- 
orange crystals, m.p. 136137". 


And-Calcd. for CZ7Hl8N6O4: N, 17.1. Found: N, 16.8. 
The details of the other 1 -(2,4-dinitrophenyl)-3,5-diphenyl-4- 


arylazopyrazoles which were prepared are given in Table I. 
l-Carbamoyl-3,5-diphenyl-4-phenylampyraz.ole (III, R = C&)- 


A solution of 1,3-diphenyl-2-phenylhydrazono-1,2,3-propanetrione 


(0.82 g., 0.0025 mole) in alcohol (30 ml.) was treated with an aqueous 
solution of semicarbazide hydrochloride (0.23 g., 0.0025 mole). 
This was heated under reflux for 2 hr. On cooling, shining crystals 
separated out which were recrystallized from alcohol (0.50 g., 
65 %)as orange fibers, m.p. 215". 


AnaL-Calcd. for CZZH~TNSO: N, 19.07. Found: N, 18.8. 
The details of the other l-carbamoyl-3,5-diphenyl-4-arylazo- 


pyrazoles which were prepared are given in Table 11. 
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COMMUNICA TIONS 


Effect of Mesenteric Blood Flow on 
Intestinal Drug Absorption 


Keyphrases 0 Drug absorption, intestinal-mesenteric blood flow 
effect 0 Mesenteric blood f lowdrug  absorption 0 Sulfaethidole 
half-life-mesenteric blood flow 


Sir: 


A previously published report from our laboratory 
indicated that drug absorption rates in rats slowed for 
several drugs when the animals were fasted for periods 
beyond 20 hr. (1). These results suggested that some non- 
specific phenomenon was occurring during prolonged 
fasting which affected absorption rates about equally for 
each drug. Although a multitude of physiological and 
biochemical changes are known to occur during fasting 
(I), particular interest is the possibility that intestinal 
blood flow decreases during periods of inanition. In 
our previous studies, subjective observation of rat 
intestine, following prolonged periods of fasting, sup- 
ported the view that the decreased drug absortion rate 
was, at least in part, the consequence of reduced in- 
testinal blood perfusion. In the absence of prolonged 
fasting, the color of the intestines was reddish pink; 


m 
D 
3 


2 


k 1  : 0.9 
f 0.8 


0.7 


6 0.6 


0.5 


- 
w 


e 


0.4 


ab 
0.3 


0 10 20 30 40 
MINUTES 


Figure l-Semilogarithmic plot of the disappearance of sulfaethidole 
from the dog intestinal lumen of Dog No. I as a function of time for 
four intestinal bloodflow rates. Key: a, 100%; 0, 6 4 z ;  X, 2 6 z :  
andA, 0%. 


Table I-Effect of Mesenteric Blood Flow on the Absorption 
of Sulfaethidole 


--Approximate Blood Flow Rate, %-- 
Dog No. 100 65 30 0 


Absorption Half-Life, min. 
1 17 37 57 134" 
2 26 31 76 143" 
3 26 39 78 122" 
Mean 23 36 70 133" 
SD 5.2 4 . 1  11.6 10.5 


a Approximate values obtained by extrapolation of disappearance 
curve. 


but after prolonged fasting, the intestines became 
blanched. 


The possibility that the unusual drug absorption 
pattern, which was encountered in fasted animals, was 
the result of an alteration in intestinal blood perfusion 
led us to investigate the effects of changes in intestinal 
blood flow on the kinetics of drug absorpion. Three 
mongrel dogs (8-19 kg.) were anesthetized with allobar- 
bital-urethane, and the small intestine was exposed by 
midline laparotomy. A segment of the jejunum was 
cannulated, and approximately 12 luminal samples 
were withdrawn over a 40-min. period using a double- 
syringe method for absorption determination (2). The 
cranial mesenteric artery was exposed from its origin 
at the aorta to the first branch, a blood flow probe was 
implanted on the artery, and blood flow was measured 
by means of an electromagnetic flowmeter (Medicon). 
Carotid arterial blood pressure, measured by means of a 
pressure transducer (E & M Linear Core), and cranial 
mesenteric blood flow were recorded simultaneously 
on a direct-writing polygraph. Intestinal solutions were 
buffered at pH 6.0 and warmed to 37 O (2). 


Initially, serial luminal samples were collected from 
animals with intestinal blood flow unaltered. The blood 
supply to the intestines was then gradually diminished 
by means of an hydraulic occluder located immediately 
distal to the flow probe. In this way. we determined the 
effect of reducing the rate of volume flow to approxi- 
mately 65, 30, and 0% of control values on the absorp- 
tion profile of sulfaethidole. Sulfaethidole concentra- 
tions were determined by the method of Bratton and 
Marshall (3). 


Figure 1 shows the results of a typical experiment 
using the in situ dog intestinal preparation, in which the 
rate of disappearance of sulfaethidole from the jejunum 
was followed at several intestinal blood flow rates. 
Each line represents a separate gut segment, but all 
four determinations are from the same dog. Half- 
lives of 17, 37, 56, and 134 (approx.) min. were found 
for 100, 64, 26 and 0% of control blood flow rate, 
respectively. In these experiments, the absorption 
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process obeyed apparent first-order kinetics. The re- 
sults obtained from three animals are shown in Table I. 


Preliminary experimentation indicated that half- 
lives obtained from different jejunal segments in the 
same dog did not vary from one another by more than 
15%. These results are thus suggestive of a meaningful 
relationship between intestinal blood perfusion and 
drug absorption rate. In most instances, a 4 0 4 0 %  
reduction in mesenteric blood flow resulted in a dra- 
matic increase in the absorption half-life for sulfaethi- 
dole. 


Mesenteric circulation is subject to alteration from a 
wide variety of sources, and some of these will be 
examined and discussed in a future publication. How- 
ever, it is obvious that adequate precautions should be 
taken to assure that significant differences in intestinal 
blood perfusion rates do not exist among the different 
animals used in a particular absorption study. Unless 
such precautions are taken, comparisons of the drug 
absorption data obtained from the various animals 
should be viewed with a degree of caution. 


Although the data reported herein do confirm that 
the intestinal drug absorption process is hindered by a 
decrease in vascular perfusion, additional studies must 
be designed to quantitate the effects of fasting on 
intestinal blood flow before ascribing a causative role 
to this factor in our previous experiments. 
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Spectrophotometric Analysis of 
Acetylcholine Levels in Plasma 


Keyphrases 0 Acetylcholine levels, plasm-determination 
Plasma-acetylcholine determination 0 Colorimetric analysis- 
spectrophotometer 


Sir: 


The interest in determining acetylcholine levels in 
biological media before and after angiotensin-I1 ad- 
ministration parenterally in turtles led to the search for 
an acceptable method of analysis. The bioassay of 


isolated guinea pig ileum contractions against known 
acetylcholine concentrations was initially considered 
(I) ,  but the sensitivity of the test was proven unaccept- 
able. The bromocresol purple method of Woods (2) 
and the methyl orange method of Brodie (3, 4) are 
general methods for determining organic bases and are 
limited in their usefulness for biological media, which 
normally contain interfering organic bases. 


The bromophenol blue method of Auerbach (9, 
modified by Mitchell and Clark (6), was chosen because 
it bypassed this difficulty of interfering bases and in- 
creased the sensitivity of the test 10-fold. 


The interaction involves the formation of a color 
complex between anionic bromophenol blue and the 
quaternary cation, acetylcholine. The reaction occurs in 
an alkaline medium with the resulting color complex 
formed being quantitatively extracted, utilizing organic 
solvents. The advantage of this method is that organic 
bases and unreacted dye do not interfere with the ex- 
traction. Auerbach (5) also has tested 50 tertiary 
amines with negative results. 


Procedure-Three map turtles heparinized with 100 
USP units were utilized for the analysis. Each turtle 
was treated with 20 mg./kg. of physostigmine salicylate 
5 min. prior to withdrawal of the blood sample. One 
milliliter of blood was removed from each turtle and 
added to 0.5 ml. of a 0.5% physostigmine solution. 
The resulting mixture was centrifuged for 15 min. at 
2000 r.p.m., and a 0.5-ml. plasma sample was used for 
analysis. Following the addition of a buffer (0.3 g. of 
K2HP04 and 0.3 g. of Na2C03) to pH 9, the indicator, 
bromophenol blue, was added in a 0.5-ml. volume 
(0.08% in 30% K,HPO*). Fifteen minutes of shaking 
with organic solvents (washed ethylene dichloride and 
4% isoamyl alcohol) completed the extraction of the 
dye-acetylcholine complex. The organic phase was 
read at 600 mp against an ethylene dichloride-isoamyl 
alcohol blank because none of the other reagents 
absorbs. I t  is mandatory that the analysis take place 
within a I-hr. time span because of the rapid fading 
of the indicator after this period. All absorbances were 
read on the Coleman (Hitachi 124) double-beam spec- 
trophotometer. The procedure was then repeated 
following angiotensin-I1 administration. The differences 
in absorbance are due to increased acetylcholine levels. 
This was again repeated, using turtles with both vagi 
surgically severed. In the turtles with intact vagi, the 
following values were read: plasma sample plus physo- 
stigmine, 0.040, 0.055, and 0.043-mean = 0.046 f 
0.008 SD; plasma sample plus physostigmine after 
administration of angiotensin, 0.395,0.410, and 0.380- 
mean = 0.395 f 0.014 SD. The difference in absorb- 
ance, 0.349 mp, is attributed to increased acetyl- 
choline blood levels and corresponds to a concentration 
of 9.1 rncgJ0.5 ml. on the standard curve. When 
this was repeated in vagotomized turtles, the follow- 
ing values for absorbance were read: plasma sample 
plus physostigmine, 0.050, 0.040, and 0.045-mean = 
0.045 f 0.004 SD; plasma sample plus physostigmine 
in angiotensin-treated turtles, 0.290, 0.285, and 0.305- 
mean = 0.293 f 0.010 SD.  The difference in absorb- 
ance between the two means, 0.248 mp, is attributed to 
increased acetylcholine blood levels and corresponds to 
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process obeyed apparent first-order kinetics. The re- 
sults obtained from three animals are shown in Table I. 
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same dog did not vary from one another by more than 
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such precautions are taken, comparisons of the drug 
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be designed to quantitate the effects of fasting on 
intestinal blood flow before ascribing a causative role 
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Spectrophotometric Analysis of 
Acetylcholine Levels in Plasma 
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Sir: 


The interest in determining acetylcholine levels in 
biological media before and after angiotensin-I1 ad- 
ministration parenterally in turtles led to the search for 
an acceptable method of analysis. The bioassay of 


isolated guinea pig ileum contractions against known 
acetylcholine concentrations was initially considered 
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dye-acetylcholine complex. The organic phase was 
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absorbs. I t  is mandatory that the analysis take place 
within a I-hr. time span because of the rapid fading 
of the indicator after this period. All absorbances were 
read on the Coleman (Hitachi 124) double-beam spec- 
trophotometer. The procedure was then repeated 
following angiotensin-I1 administration. The differences 
in absorbance are due to increased acetylcholine levels. 
This was again repeated, using turtles with both vagi 
surgically severed. In the turtles with intact vagi, the 
following values were read: plasma sample plus physo- 
stigmine, 0.040, 0.055, and 0.043-mean = 0.046 f 
0.008 SD; plasma sample plus physostigmine after 
administration of angiotensin, 0.395,0.410, and 0.380- 
mean = 0.395 f 0.014 SD. The difference in absorb- 
ance, 0.349 mp, is attributed to increased acetyl- 
choline blood levels and corresponds to a concentration 
of 9.1 rncgJ0.5 ml. on the standard curve. When 
this was repeated in vagotomized turtles, the follow- 
ing values for absorbance were read: plasma sample 
plus physostigmine, 0.050, 0.040, and 0.045-mean = 
0.045 f 0.004 SD; plasma sample plus physostigmine 
in angiotensin-treated turtles, 0.290, 0.285, and 0.305- 
mean = 0.293 f 0.010 SD.  The difference in absorb- 
ance between the two means, 0.248 mp, is attributed to 
increased acetylcholine blood levels and corresponds to 
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a concentration of 6.0 rncgJO.5 ml. on the standard 
curve. 


Standardization-The experimental values for acetyl- 
choline were standardized against known concentra- 
tions of acetylcholine chloride by utilizing a standard 
curve prepared from the following. A concentration of 
20.0 rncgJ0.5 ml. gave the following values in three 
samples: 0.750, 0.760, and 0.769 mp with a mean of 
0.759 mp; a concentration of 10.0 mcg./0.5 ml. gave 
the following values in three samples: 0.335, 0.343, and 
0.352 with a mean of 0.343 m p ;  a concentration of 6.6 
mcg./0.5 ml. gave the following: 0.230, 0.243, and 0.250 
with a mean of 0.241 mp; a concentration of 5.0 mcg./0.5 
ml. gave the following values: 0.175, 0.187, and 0.199 
with a mean of 0.189 mp; a concentration of 4.0 mcgJ0.5 
ml. gave the following values: 0.134, 0.145, and 0.156 
with a mean of 0.141 mp. 


The results of this analysis support the hypotheses 
that angiotensin-I1 administration causes the release 
of acetylcholine at neuroeffector sites in the turtle 


BOOKS 


plasma and that this release is not dependent upon the 
presence of intact vagus innervation (7). 
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Pharmaceutical Enzymes and Their Assay. Edited by R. RUYSSEN. 
Universitaire Pers afd. Uitgoeverij van N. V. Universitaire Boek- 
handel 12. St.-Amandstraat, Ghent, Belgium, 1969. 151 pp. 
15.7 X 24.5 cm. Price $11.00.  (French and English) 
In 1961, the FCdCration Internationale Pharmaceutique created 


the Commission for the Standardization of Pharmaceutical Enzymes, 
the primary mission of which was the establishment of uniform 
international standards for enzymes having pharmaceutical appli- 
cations. 


The lack of uniformity in the methods used to express the catalytic 
activity of pharmaceutical enzymes prompted the Commission, 
as its first resolution, to adopt, insofar as is practicable, an inter- 
national unit system which defines an enzyme unit as that amount 
which catalyzes the transformation of 1 micromole of substrate per 
minute (or where more than one bond of a more complex substrate is 
attacked, one microequivalent of the group concerned per minute) 
under well-defined, usually external, optimal conditions. Since a 
unit system of this kind requires that either new methods be de- 
veloped or existing methods be modified for the assay of virtually 


every enzyme, the attention of the Commission has thus far been 
devoted largely to assay methods and the many problems associated 
with them. 


This book is a hard-cover publication of a symposium held by the 
Commission at the University of Ghent in May 1968. The selected 
topics, which are all expertly discussed in this series of seven papers, 
include: (1) reactions of organofluorophosphate-sensitive enzymes; 
(2) assay of proteinases; (3) determination of the components of the 
human plasma fibrinolytic system; (4) action of streptokinase on 
purified human plasminogen; (5) some aspects of the biochemistry 
of cellulases and hemicellulases; (6)  microbial enzymes and their 
industrial applications, and (7) assay methods of the F.I.P. Com- 
mission on enzymes. Papers 4 and 5, previously mentioned, are 
written in French; the rest of the book is in English. 


The long seventh paper contains an excellent review of the 
problems encountered and the progress made thus far by the 
Commission toward its goal. Also discussed are the many require- 
ments which must be met by an assay method if it is to be accepted 
on an international level. Included herein is a detailed presentation 
of the Commission’s proposed methods of assay for trypsin, 
chymotrypsin, papain, trypsin-inhibitor, pepsin, pancreatic amylase, 
pancreatic protease, enterokinase, and pancreatic lipase. 
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The book is replete with references. Also appended is a list of 
reference standards (six enzymes and three substrates) available 
from the Commission. 


agents and products must be sought elsewhere. The British book 
will not replace the present excellent reference source, “Clinical 
Toxicology of Commercial Products” published by The Williams & 
Wilkins Company, Baltimore, Md., but may help to supplement 


Reuiewed by A. J. Vazakas portions of it. 
Johnson & Johnson 
New Brunswick, NJ 08903 8 Reviewed by John Autian 


Materials Science Toxicology Laboratories 
College of Pharmacy & College of Dentistry 
Uniuersity of Tennessee Medical Units 
Memphis, TN 38103 


British Medical Bulletin: Control of Human Fertility. Vol. 26, No. 1. 
Edited by G. I. M. SWYER. Medical Department, The British 
Council, 97 & 99 Park St., London, England, 1970. i + 97 pp. 
22 X 28.5 cm. Price $6.50. 
This issue contains papers on various aspects of human fertility 


contributed by a rather impressive list of investigators. This compila- 
tion takes a multidisciplinary approach with several papers dis- 
cussing the relative health hazards of various kinds of contraceptive 
methods, 


The papers are, for the most part, written to put the particular 
topic into a historical context, present the developments and status 
of the research, and provide some comments on the future direc- 
tions to be taken. This particular issue should be of interest not only 
to scientists actively working within this field, but also to those who 
are interested in a technical state-of-the-art review. 
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Clinical Toxicology. Second Edition. Edited by C. J. POLSON and 
R. N. TA~TERSALL. J.  B. Lippincott Co., Philadelphia, PA 19105, 
1969. x + 655 pp. 14.5 X 22.2 cm. Price $18.50. 
The growing interest in toxicology in colleges of pharmacy as 


well as by pharmacists as a whole will require greater attention 
being given to texts and references on the subject than presently 
available. Publication of the second edition of the British text 
“Clinical Toxicology,” offers some help to the teacher and student. 
As a text for American students it suffers from the inclusion of 
repeated references to medical-legal rules and interpretations which 
are quite appropriate for British students but extraneous and 
perhaps confusing to our students. The authors, however, have 
made it clear that the book is intended primarily for physicians 
who are in need of general and specific information on the clinical 
manifestations, treatment, and prognosis of cases of poisoning. In 
this respect, it can also be valuable to the pharmacist as a source 
book of clinical toxicology. The book is extremely easy to read and 
gets directly to the practical aspects of toxicity of compounds and 
products. Further interest is generated by including illustrative 
cases of poisoning which helps orient the reader to the effect of a 
particular substance ingested by a person. The authors do not try 
to cram volumes of information on a specific compound but include 
sufficient information which may be of extreme importance in 
diagnosing and treating a poisoned patient. 


“Clinical Toxicology” is divided into two parts. The first and the 
shorter portion of the book deals with the general considerations of 
poisoning while the second, and in essence, the bulk of the book, 
reviews the individual substances generally as separate short 
chapters. The book can be recommended for pharmacists and 
physicians but only as an added source of information. As with 
most texts on clinical toxicology, information on toxicity of newer 


Review of Biochemistry. By NATHAN H. SLOANE and J. LYNDAL 
YORK. Macmillan Co., 866 Third Ave., New York, NY 10022, 
1969. ix + 278 pp. 18 X 26 cm. Price: $9.95, hardbound; $6.95, 
paperbound. 
This outline review of biochemistry prepared by Nathan H. 


Sloane, Professor of Biochemistry, University of Tennessee Medical 
Units, and J. Lyndal York, Associate Professor of Biochemistry, 
University of Arkansas School of Medicine, is aimed at presenting 
modern biochemistry in a concise, practical form covering funda- 
mentals applicable to the health professions. 


The authors emphasize in the Preface that this book .‘. . . is not a 
text; rather, it can be used to greatest advantage in conjunction with 
lecture material and assigned reading in textbooks and periodicals.” 


The outline form which is used throughout the book allows the 
reader to scan a great deal of information with minimum effort. 


The book surveys biochemical methods and physiochemical 
principles as well as including chapters on the cell, amino acids and 
peptides, proteins, and enzymes. Three chapters deal with carbo- 
hydrate metabolism and chemistry. The metabolism of lipids, 
amino acids, and nucleic acids is covered. In the concluding chap- 
ters, aspects of genetics, hemoglobin, renal function, and vitamins 
are among the topics discussed. 


Staff Review 


Neurophysiological and Behavioral Aspects of Psychotropic Drugs. 
Edited by A. G. KARCZMAR and W. P. KOELLA. Charles C 
Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xviii + 199 pp. 17.5 X 25.5 cm. Price $12.50. 
This book is based on reports developed by several study groups 


of the American College of Neuropsychopharmacology in 1966. 
These reports were expanded and updated through 1968 before 
publication. 


The work presented in this volume represents the efforts of two 
particular groups. The first one studied the biological effects of 
pharmaceutical agents-neurophysiological aspects, with five chap- 
ters being devoted to various aspects of that topic including several 
papers on LSD responses and behavioral changes. 


The other major portion of the book contains the reports of the 
second group which focused on the effects of drugs on chemistry, 
learning, and memory. 


The editors of this book have attempted to compile information 
from various disciplines and sources related to this topic into one 
volume which is relatively specific and current. 
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Kinetics of Hydrous Aluminum Oxide Conversion in Mixtures of 
Amorphous Alumina Gels of Various Acid Reactivities 


STANLEY L. HEM*, EMANUEL J. RUSSO, RICHARD J. HARWOODt, 
BEHRAM H. TEJANI, SURENDRA M. BAHAL, and RALPH S. LEV1 


Abstract 0 Mixtures of two amorphous alumina gels of different 
acid reactivity change physically and chemically upon aging until 
a constant state is reached. The gels, when individually aged, retain 
their initial properties. The end-point appearance, viscosity, X-ray 
diffraction pattern, DTA thermogram, acid-insoluble fraction, and 
acid reactivity of the mixture are identical to those of the gel having 
the lower acid reactivity. The change in properties appears to be 
due to the conversion of the gel having the higher reactivity into 
the less reactive form. The rate of conversion is first-order, tem- 
perature-dependent, and directly dependent on the initial con- 
centration of the less reactive gel. 


Keyphrases 0 Hydrous aluminum oxide conversion-kinetics 
Alumina gels, amorphous, effect-AI2O3 conversion 0 X-ray 
diffraction-identity 0 Calorimetry-anlysis, gels 


The physical and chemical properties of hydrous 
aluminum oxide depend on the nature of the reactants 
used in its formation (1, 2), the pH and temperature of 


its precipitation (3-59, and the conditions under which 
it is aged (6,  7). The effects of mixing alumina gels of 
different physical and chemical properties have not 
been reported. Preliminary experiments in the authors’ 
laboratories have indicated that when amorphous 
alumina gels of various acid reactivities are mixed, there 
are changes in the physical and chemical properties of the 
mixtures during aging. The purpose of the present study 
was to examine these changes in greater depth. 


EXPERIMENTAL 


Source of Gels-One alumina gel was prepared by the reaction 
of aluminum chloride with sodium carbonate and sodium bicar- 
bonate at 25” and pH 5.8, according to the procedure of PapCe et at. 
(S) ,  and washed with deionized water until the concentration of 
chloride ion in the filtrate, as determined by the Volhard method 
(9), was less than 0.1 Z.  This gel ( I )  possessed the full theoretical 
acid reactivity in terms of its Al2O3 content. Gels with reactivity less 
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Table I-Initial Properties of Alumina Gels I and I1 and Their 1 : 1 Mixture 


1 : 1 Mixture of 
Alumina Gels I 


Property Alumina Gel I Alumina Gel I1 and I1 


Physical appearance White, dense Opaque semisolid White, dense 
of 4% suspension suspension suspension 


Form Amorphous Amorphous Amorphous 
Percentage of theoretical 100 25 6 2 . 5  


acid-consuming capacity 
Appearance after acid- Clear solution Insoluble residue Slight 


consuming capacity test insoluble residue 
Viscosity at 25" (c.P.s.) 1 40 3 700 800 
Endotherms by DTAa 140" 140", 320" 140", 320" 


a Differential thermal analysis. 


Table 11-Acid Reactivity, Both Initially and after Storage at 
Elevated Temperatures, of Mixtures Containing Various 
Initial Ratios of Alumina Gels I and I1 


Initial 
Concen- 
tration 
of I1 in Initial Acid End-Point Acid Reactivity" when 
Mixture Reactivity", Agedoat z % 35 O 35 60" 


a Expressed as percent of theoretical acid-consuming capacity. 


than theory were prepared by the addition of strong ammonia solu- 
tion NF to aluminum chloride solutions at 25" and controlled pH. 
Gels reacting at 25% of theory (11) and 70% of theory (Ill) were 
obtained by precipitating at pH 7.7 and 4.9. respectively; washing as 
in (I); and aging until the end-point reactivity was reached (10). 
Aluminum hydroxide compressed gel (F-5000) (IV) was obtained 
through normal commercial channels. This gel possesses 10% of 
theoretical acid reactivity. Aluminum hydroxide compressed gel 
(F-500)l (V) and aluminum hydroxide gel2 (Vl) were likewise 
obtained from commercial sources and were found to react stoichio- 
metrically with 0.1 N HCI. 


Gel Mixtures-Binary mixtures containing 4% w/w AlaOa were 
prepared from the gels so as to contain various concentrations of 
the less acid-reactive components. Appropriate weights of I, 11, and 
111 were used, depending on the A1203 content. Gels IV, V, and VI 


I 


35 30 25 20 15 10 5 
2.9 DEGREES 


Figure I-Initial X-ray diffraction pattern of Alumina Gel I .  


Reheis Chemical Co., Division of Armour Pharmaceutical Co.. 


* Merlum No, 8031, Merck Chemical Division, Merck & Co., Inc., 
Chicago, Ill. 


Rahway, N. J. 


were diluted with distilled water to form 4% w/w suspensions prior 
to the preparation of the mixtures. 


The mixtures were aged in sealed, screw-capped glass bottles at 
60, 45, and 35". The sample bottles were tared and the weight 
checked at every assay. No weight losses were noted. 


Tests-The acid reactivity of each gel was described by its per- 
centage of the theoretical acid-consuming capacity, based on the 
stoichiometric reaction of the A1203 with 0.1 N HCl. The precision of 
the USP acid-consuming capacity test (1 1) was improved by titrating 
to pH 3.5 rather than by using bromophenol blue T.S. 


The X-ray diffraction pattern of each gel was obtained in the 
colloidal state by irradiating a sample in dialyzer tubing. 


The insoluble gel fraction which remained after the acid-consum- 
ing capacity test was collected by filtration on a tared 0.45-p 
Millipore filter.3 Two filters were used so that one could serve as 
a control. The control filter and the filter with the residue were 
dried to constant weight at 90" in a vacuum desiccator. The results 
were reported as the residue obtained from 1 g. of alumina gel. 


The viscosity of the alumina gels was determined at 25" using the 
Haake Rotovi~co,~ system mv. 11, head 500, speed 162. 


Thermograms of each alumina gel were obtained using a DuPont 
model 900 differential thermal ana ly~er .~  The gels were dried at 25' 
in a vacuum desiccator. A 2- to 3-mg. sample was introduced into a 
microcell and heated at a rate of 20" per min. to obtain the DTA 
thermograms. 


RESULTS AND DISCUSSION 


Mixtures of I and 11-fnitiul Properties-Gels 1 and I t  diffcred 
physically and chemically in several significant aspects, as seen in 
Table I. X-ray diffractometer scans indicate that the solid material in 
the gels is noncrystalline. The broad diffuse band is typical of 


, O t  -\ 


~~~ _ _  
10 20 30 40 50 60 


DAYS AT 45" 


Figure 2-Change in concenlration of Alumitia Gel I dirrbig agitig 
ofamixtureoJSO% Iand20Z IIat45". 


3 Millipore Filter Corp., Bedford, Mass. 
4 Brinkmann Instruments, Inc., Great Neck, N. Y. 
6 DuPont Instrument Products Division, Wilmington, Dcl. 
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Table In-Comparison of the Properties of an Aged 1 : 1 Mixture of Alumina Gels I and 11 with Those of I1 


1 : 1 Mixtur-- ---. 
Property Initial 


Aged at 45" to 
End-Point Properties Alumina Gel I1 


Opaque semisolid Physical appearance White, dense Opaque semisolid 


Form Amorphous Amorphous Amorphous 
Percentage of theoretical 62.5 25 25 


of 4 x  suspension suspension 


acid-consuming capacity 
Appearance after acid- Slight insoluble Insoluble residue Insoluble residue 


~~ 


consuming capacity test residue 
Viscosity at 25" (c.P.s.) 800 3 700 3700 


140", 320" la", 320" l a " ,  320" Endotherrns by DTA 


scattering by amorphous material (Fig. 1). Figure 1 is typical of the 
scans obtained for both individual gels and mixtures throughout this 
study. These properties of the individual gels did not change upon 
aging, even at elevated temperatures. The 1 : 1 mixture of I and I1 
had properties equivalent to the sum of those of the individual gels. 
Subsequent examinations of this mixture were conducted to deter- 
mine the changes which occurred during aging. 


Changes in Acid Reactivity upon Aging-At 45", all mixtures lost 
acid reactivity until a minimum (end-point) level was reached. For 
the 1 : 1 mixture of Gels I and 11, this end-point level was 25 % of 
theory and was observed after aging for 12 days at 45". For mixtures 
of Gels I and I1 containing 10,20,40, or 50Zof Gel I1,prepared and 
aged at 35, 45, and 60" (Table II), the end-point reactivities were 
also 25 % of theory. Since the end-point reactivity was independent 
of the temperature or the ratio of I to  11, but was always identical to  
the acid reactivity of 11, it is assumed that I converts to I1 during the 
aging of the mixtures. 


4000 


2000 


1000 
800 


600 


400 


I 200 


a n 
2. 


p 100 
x '80 


60 


40 


Y 


20 


10 


5 


20 40 60 
% OF II IN MIXTURE OF I AND I I  


Figure 3-Efect of percentage of II on the rate of change of I in 
a mixture of Afumina Gels I and II. Key: 0, 60"; 0 ,45" ;  and m, 35". 


Under this assumption, the reactivity of mixtures of Gels I and 
I1 would be related to the amount of each present at time t by the 
following equation : 


where Rt = percent of theoretical acid-consuming capacity of the 
mixture at time t; I t  = percent of I unchanged at time t ;  H i n i t .  = 
percent of I1 in the initial mixture; Ii,it. = percent of I in the initial 
mixture. 


By rearranging the above equation, the amount of I present at 
any time in a mixture of I and I1 can be calculated and plotted. Such 
a plot shows that in a mixture initially containing 80% of I and 20% 
of 11, I converts to I1 according to  apparent first-order kinetics 
(Fig. 2). 


Rate constants for the conversion of I to I1 in mixtures with 
various initial concentrations of I1 were calculated for mixtures aged 
at 35,45, and 60". The rate of conversion of I to I1 increased at all 
temperatures and was directly related to the initial concentration of 
I1 (Fig. 3). 


The heat of activation for the conversion of I to I1 in a I : 1 mix- 
ture was calculated from Fig. 4 to be 26.2 kcal. mole-'. 


The effect of a change in temperature at which the acid reactivity 
test was conducted for the end;point mixture of I and I 1  and for Gel 
I1 further indicates a conversion of I to I1 during aging. For example, 
the reactivity of 11, which is 25% of theory at a test temperature of 
37". increased to 29.3% of theory when tested at 60". The reactivity 


3000 
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- I 
2. a n - 200 
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3.0 3.1 3.2 


 IT x 103 
Figure 4-Effect of temperature on the rate of change of I in a I : I  
mixture of Alumina Gels I arid II .  
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Table IV-End-Point Acid Reactivity of Aged I : 1 
Alumina Gel Mixtures' 


4 8 12 16 20 
DAYS A T  45" 


Figure 5-Effect of aging of alumina gels on the weight of the acid- 
insoluble residues. Key: 0, 2:1 mixture of Alumina Gels I and II; 
and 0,  11. 


of the end-point mixture of I and 11 also increased from 25 to 29.3 % 
of theory when the test temperature was increased from 37 to 60". 


Effect of Aging on Other Physical and Chemical Properties- 
Table 111 shows that the physical and chemical properties of the 1 : 1 
mixture of Gels I and I1 changed during aging at 45" until they 
reached the indicated end-point values. The end-point physical 
appearance, acid reactivity, residue remaining after the acid-con- 
suming capacity test, and viscosity of the mixture were identical to 
those of Gel 11. The same changes occurred in the 1 : 1 mixture of 
Gels I and IT aged at 35 and 60" and in various other mixtures of I 
and I1 aged at various temperatures. The only effect of temperature 
or ratio of gels was to change the rate of conversion of I to 11. In 
each instance, identical end-point properties were observed. 


Acid-Insoluble Fraction after Aging-All gels having less than 
the theoretical acid-consuming capacity left an acid-insoluble resi- 
due at the completion of the acid-consuming capacity test. This resi- 
due was believed to consist of completely acid-refractory aluminum 
oxide. Its weight was determined during the aging at 45 O of a 2 : 1 
mixture of Gels I and I1 and of Gel 11. The values obtained from 
triplicate assays, and the lines determined by least-squares analyses 
which best fit these points, are given in Fig. 5.  


As shown in the figure, 8.6 mg. of acid-insoluble residue was re- 
covered from 1 g. of a freshly prepared 2 : 1 mixture of Gels I and I1 
containing 4% w/w Altoa. This agrees well with the expected result 
of 10 mg., which assumes that I leaves no residue and that 11 is 75 % 
acid-insoluble. The weight of acid-insoluble residue increased as the 
mixture aged at 45" until a constant value of 27 mg. was reached, 
beginning at 13 days, which is approximately the same time that the 
acid reactivity of the mixture reached its end-point reactivity of 25 % 
of theory. From this point on, the quantity of acid-insoluble residue 
recovered from the mixture was virtually identical to the weight of 
residue recovered from a 4% w/w suspension of 11. For 11, the acid- 
insoluble residue remained constant during aging. These data again 
indicate a conversion of I to I1 in the 1 : 1 mixture of Gels I and 11. 


Properties of Mixtures of Other Alumina Gels-To test the gen- 
eral hypothesis that in mixtures of amorphous alumina gels of 
various acid reactivities, the more reactive gel is converted into the 
less reactive, a series of mixtures were prepared and aged at 60" 
(Table IV). In all cases when two alumina gels of different acid reac- 
tivities were mixed, the mixture lost reactivity until it reached a con- 
stant end-point reactivity equal to that of the less reactive gel. 


Clearly, in an aged mixture, the more acid-reactive gel is converted 
into the less reactive form. Since these gels are amorphous, the 
conversion does not involve a change in form but instead may be 
analogous to the polymorphic transformations which occur as a 
system converts to its more stable form upon aging. It can be 
assumed that a completely acid-refractory form is thermodynami- 


Alumina Gels in Mixture, 


Theoretical Acid-Consuming 
Capacity of Each Gel (in 


together with of % Theoretical Acid-Consuming 


Parentheses) 2 Weeks 3 Weeks 


Capacity after Mixture Aged 
at 60" for 


~~ 


I( 100) : II(25) 
I( 100) : IIl(70) 
IlI(70) :11(25) 
I( 100) : IV( 10) 
V( loo) : I V( 10) 
VI( loo) : 1V( 10) 


25 
68 
30 
14 
8 
8 


25 
69 
25 
12 
8 
8 


a All gels and the aged mixtures in this table were amorphous. 


cally the most stable, and that acid reactivity and related properties 
are inversely proportional to the thermodynamic stability. Thus the 
observed conversion of the system reflects its attainment of the most 
stable state. 


C 0 N C L U S I 0  N S 


Mixtures composed of two individually stable amorphous 
alumina gels of different acid reactivities change physically and 
chemically upon aging until they reach a constant state. At this 
point, their properties are identical to those of the less acid-reactive 
gel. The same constant state is obtained independent of temperature, 
but the rate of change depends on temperature and on the initial 
concentration of the less reactive gel. It is hypothesized that the more 
acid-reactive gel converts to the less reactive gel according to  appar- 
ent first-order kinetics. Since no changes in form are observed, the 
change may be thought of as analogous to the polymorphic trans- 
formations which occur as a system converts to  its most stable state. 
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The book is replete with references. Also appended is a list of 
reference standards (six enzymes and three substrates) available 
from the Commission. 


agents and products must be sought elsewhere. The British book 
will not replace the present excellent reference source, “Clinical 
Toxicology of Commercial Products” published by The Williams & 
Wilkins Company, Baltimore, Md., but may help to supplement 


Reuiewed by A. J. Vazakas portions of it. 
Johnson & Johnson 
New Brunswick, NJ 08903 8 Reviewed by John Autian 


Materials Science Toxicology Laboratories 
College of Pharmacy & College of Dentistry 
Uniuersity of Tennessee Medical Units 
Memphis, TN 38103 


British Medical Bulletin: Control of Human Fertility. Vol. 26, No. 1. 
Edited by G. I. M. SWYER. Medical Department, The British 
Council, 97 & 99 Park St., London, England, 1970. i + 97 pp. 
22 X 28.5 cm. Price $6.50. 
This issue contains papers on various aspects of human fertility 


contributed by a rather impressive list of investigators. This compila- 
tion takes a multidisciplinary approach with several papers dis- 
cussing the relative health hazards of various kinds of contraceptive 
methods, 


The papers are, for the most part, written to put the particular 
topic into a historical context, present the developments and status 
of the research, and provide some comments on the future direc- 
tions to be taken. This particular issue should be of interest not only 
to scientists actively working within this field, but also to those who 
are interested in a technical state-of-the-art review. 
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Clinical Toxicology. Second Edition. Edited by C. J. POLSON and 
R. N. TA~TERSALL. J.  B. Lippincott Co., Philadelphia, PA 19105, 
1969. x + 655 pp. 14.5 X 22.2 cm. Price $18.50. 
The growing interest in toxicology in colleges of pharmacy as 


well as by pharmacists as a whole will require greater attention 
being given to texts and references on the subject than presently 
available. Publication of the second edition of the British text 
“Clinical Toxicology,” offers some help to the teacher and student. 
As a text for American students it suffers from the inclusion of 
repeated references to medical-legal rules and interpretations which 
are quite appropriate for British students but extraneous and 
perhaps confusing to our students. The authors, however, have 
made it clear that the book is intended primarily for physicians 
who are in need of general and specific information on the clinical 
manifestations, treatment, and prognosis of cases of poisoning. In 
this respect, it can also be valuable to the pharmacist as a source 
book of clinical toxicology. The book is extremely easy to read and 
gets directly to the practical aspects of toxicity of compounds and 
products. Further interest is generated by including illustrative 
cases of poisoning which helps orient the reader to the effect of a 
particular substance ingested by a person. The authors do not try 
to cram volumes of information on a specific compound but include 
sufficient information which may be of extreme importance in 
diagnosing and treating a poisoned patient. 


“Clinical Toxicology” is divided into two parts. The first and the 
shorter portion of the book deals with the general considerations of 
poisoning while the second, and in essence, the bulk of the book, 
reviews the individual substances generally as separate short 
chapters. The book can be recommended for pharmacists and 
physicians but only as an added source of information. As with 
most texts on clinical toxicology, information on toxicity of newer 


Review of Biochemistry. By NATHAN H. SLOANE and J. LYNDAL 
YORK. Macmillan Co., 866 Third Ave., New York, NY 10022, 
1969. ix + 278 pp. 18 X 26 cm. Price: $9.95, hardbound; $6.95, 
paperbound. 
This outline review of biochemistry prepared by Nathan H. 


Sloane, Professor of Biochemistry, University of Tennessee Medical 
Units, and J. Lyndal York, Associate Professor of Biochemistry, 
University of Arkansas School of Medicine, is aimed at presenting 
modern biochemistry in a concise, practical form covering funda- 
mentals applicable to the health professions. 


The authors emphasize in the Preface that this book .‘. . . is not a 
text; rather, it can be used to greatest advantage in conjunction with 
lecture material and assigned reading in textbooks and periodicals.” 


The outline form which is used throughout the book allows the 
reader to scan a great deal of information with minimum effort. 


The book surveys biochemical methods and physiochemical 
principles as well as including chapters on the cell, amino acids and 
peptides, proteins, and enzymes. Three chapters deal with carbo- 
hydrate metabolism and chemistry. The metabolism of lipids, 
amino acids, and nucleic acids is covered. In the concluding chap- 
ters, aspects of genetics, hemoglobin, renal function, and vitamins 
are among the topics discussed. 


Staff Review 


Neurophysiological and Behavioral Aspects of Psychotropic Drugs. 
Edited by A. G. KARCZMAR and W. P. KOELLA. Charles C 
Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xviii + 199 pp. 17.5 X 25.5 cm. Price $12.50. 
This book is based on reports developed by several study groups 


of the American College of Neuropsychopharmacology in 1966. 
These reports were expanded and updated through 1968 before 
publication. 


The work presented in this volume represents the efforts of two 
particular groups. The first one studied the biological effects of 
pharmaceutical agents-neurophysiological aspects, with five chap- 
ters being devoted to various aspects of that topic including several 
papers on LSD responses and behavioral changes. 


The other major portion of the book contains the reports of the 
second group which focused on the effects of drugs on chemistry, 
learning, and memory. 


The editors of this book have attempted to compile information 
from various disciplines and sources related to this topic into one 
volume which is relatively specific and current. 
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Surface-active agents are one of the most important 
groups of adjuvants in pharmaceutical preparations. 
One or another of these agents has been used, for diverse 
reasons, in almost every type of dosage form. The wide- 
spread use of surfactants as well as their unique physical- 
chemical properties has prompted considerable interest 
in the possibile influence of these agents on drug absorp- 
tion. Attention has been focused to inadvertent effects 
on drug absorption which may result from the inclusion 
of a surface-active agent in a given formulation as well as 
to the use of surfactants in a deliberate attempt to mod- 
ify drug absorption. 


The drug literature contains a number of reports 
which clearly demonstrate that surface-active agents can 
influence the rate and extent of absorption of certain 
drugs. However, enhancement as well as inhibition of 
the absorption and pharmacologic activity of drugs has 
been observed in the presence of surfactants. Many of 
these reports have been reviewed by Blanpin (1). A 
more recent compilation has been provided by Swisher 
(2) in a review primarily concerned with the environ- 
mental exposure levels and toxicity of surfactants. As 
noted by Levy (3), much of the difficulty in interpreting 
some of these studies has been due to the different 
types of effects which surface-active agents can exert. 


These effects include interaction with biologic mem- 
branes and modification of membrane permeability, in- 
teraction with the drug, interaction with the dosage 
form, and interaction with the organism itself resulting 
in a pharmacologic effect which may in turn influence 
drug absorption. These effects may be operative at the 
same time, some tending to  enhance drug absorption, 
others tending to retard it, and the net effect dependent 
on the relative magnitude of each. 


This article is intended as a selective, rather than ex- 
haustive, review of the drug literature which illustrates 
the major mechanisms of surfactant activity affecting 
drug absorption. Several critical determinants of the 
rate and extent of drug absorption-oiz., drug sohbility 
and dissolution rate, gastric emptying, and membrane 
permeation, are considered with respect to the influence 
of surface-active agents. Finally, attention is given to  
the role of physiologic surfactants in the gastrointestinal 
absorption of drugs. 


ROLE OF DRUG SOLUBILITY AND DISSOLUTION RATE 
IN GASTROINTESTINAL. ABSORPTION 


When a drug is administered orally in solid form 
(tablet, capsule, or suspension) or intramuscularly as a 
pellet or suspension, one frequently finds that the rate of 
absorption is controlled by the slowest step in the fol- 
lowing sequence : 


dissolution absorption 
solid drug ___+ drug in solution - absorbed drug 


In many instances the slowest or rate-limiting step is 
found to be dissolution of drug in the fluids at the: ab- 
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sorption site. When dissolution is the controlling step 
in the overall process, absorption is said to be dissolution 
rate limited. Since the rate-limiting step in the absorp- 
tion process is the dissolution step, any factor influenc- 
ing the rate of solution must influence also the rate of 
absorption. According to dissolution theory (4-6), two 
important parameters determining the dissolution rate 
of a solid in a given solvent are the solubility of the drug 
in the dissolution medium and the surface area of the 
drug exposed to the medium. 


The molecules of many surface-active agents tend to 
aggregate in aqueous solutions when some bulk concen- 
tration, termed the critical micelle concentration (CMC), 
is exceeded. These aggregates, known as micelles, fre- 
quently demonstrate a marked tendency to associate 
with and solubilize organic and inorganic solutes. The 
phenomenon of micellar solubilization has been re- 
viewed by Swarbrick (7) and is the subject of a recent 
text (8). In view of the relationship between solubility 
and dissolution rate as formulated in the Noyes-Whitney 
equation (4), the enhanced solubility of a drug in a mi- 
cellar solution of surfactant should result in a propor- 
tional increase in the dissolution rate. While this pro- 
portionality is never realized in practice (because of the 
failure of the Noyes-Whitney relationship to account for 
changes in the effective diffusion coefficient of the drug), 
the increase in apparent solubility will usually result in 
an increase in dissolution rate. 


The dissolution rate of a drug, regardless of dissolu- 
tion mechanism, is always directly proportional to the 
effective surface area of the drug, i.e., the surface area of 
drug available to the dissolution fluids. The relationship 
between surface area, dissolution rates, and gastro- 
intestinal absorption rates has been reviewed by Levy 
(9) and, more recently, by Fincher (10). 


The effective surface area of a drug is usually much 
smaller than the specific surface area which is an 
idealized in vitro measurement. Many drugs whose dis- 
solution characteristics could be improved by particle 
size reduction are extremely hydrophobic and may resist 
wetting by gastrointestinal fluids. Therefore, the gastro- 
intestinal fluids may come in intimate contact with only 
a fraction of the potentially available surface area. The 
effective surface area of hydrophobic drug particles can 
often be increased by the addition of a surface-active 
agent to the formulation, which functions to  reduce the 
contact angle between the solid and the gastro- 
intestinal fluids. Reduction in contact angle permits 
more intimate contact of drug and fluids, thereby increas- 
ing effective surface area and dissolution rate. 


In 1948, Kellner et al. (1 1) studied the effect of poly- 
sorbate 80 (polyoxyethylene sorbitan monooleate) on 
the in vivo absorption of cholesterol. These workers re- 
ported that rabbits fed polysorbate 80 and cholesterol 
developed blood cholesterol levels that were two to three 
times as high as those obtained by feeding cholesterol 
alone. The reason suggested for this marked increase in 
cholesterol absorption in the presence of the surfactant 
was an improved emulsification of cholesterol in the 
intestinal tract and more efficient absorption. However, 
solubilization of cholesterol by polysorbate 80 and in- 
creased dissolution rate of the water-insoluble com- 
pound could also account for the observed effects. 


Another example of a possible surfactant effect on 
drug absorption involving solubilization and increased 
dissolution rate is found in the work of Fuchs and 
Ingelfinger (12). These workers observed that sodium 
lauryl sulfate “hastened the appearance and increased 
the levels of vitamin A in the blood of human subjects.” 
Krause (13) reported that incorporation of sodium 
lauryl sulfate in G-strophanthin pills resulted in an in- 
crease in absorption of the drug in dogs, guinea pigs, 
rabbits, and cats. The author postulated that an increase 
in solubility and a higher rate of dissolution of the drug 
in the presence of the surfactant were responsible for the 
increase in pharmacologic effect noted with the formula- 
tion. 


In  a study concerned with the oral absorption of 
spironolactone, Gantt et al. (14) found that when 
polysorbate 80 was administered with the steroid, gas- 
trointestinal absorption was markedly improved. One 
explanation for the observed effects is an increase in the 
dissolution rate of the drug due to solubilization and/or 
wetting effects by the surfactant. However, changes in 
the formulation and manufacture of the dosage form 
upon incorporation of the surfactant may have also 
played a role in the enhanced absorption (15). 


Kakemi et al. (16) studied the rectal absorption of 
sulfonamides in the presence of severaI nonionic surface- 
active agents. In experiments where sulfisoxazole was 
administered in the form of suspensions containing 
varying concentrations of polysorbate 80, it was found 
that the blood level after 1 hr. increased with increasing 
concentrations of surface-active agent up to  a maximum 
polysorbate 80 concentration of 20 %, the concentration 
of surfactant which completely solubilized the excess 
drug. Comparison of relative drug solubility in sur- 
factant solutions and relative blood levels indicates 
that an 18-fold increase in sulfisoxazole solubility in the 
presence of 20z polysorbate 80 results in a threefold 
increase in initial blood level compared to the level fol- 
lowing the administration of the control suspension. 


A number of studies have attempted to  quantitate the 
relationship between drug solubility in micellar solu- 
tions and dissolution rate. Bates et al. (17) reported sub- 
stantial increases in the dissolution rates of griseofulvin 
and hexestrol in micellar solutions of bile salts. Bates et 
al. (1 8) have also shown that physiologic concentrations 
of lysolecithin, a phospholipid, produce marked in- 
creases in the solubility and dissolution rate of hex- 
estrol, dienestrol, and griseofulvin. The results of these 
studies are in general agreement with the Noyes- 
Whitney relationship (4). However, in each case, be- 
cause of the extremely low solubilities of the drugs, dis- 
solution was followed over a concentration range which 
was above the saturation solubility of the drug in water. 


Dissolution studies conducted under “sink conditions” 
(i.e., drug concentration in solution does not exceed 10 
to 2 0 x  of saturation solubility in buffer) in micellar 
solutions clearly show that dissolution rate is not pro- 
portional to the apparent solubility of the drug. This 
was first demonstrated by Higuchi (5 ) ,  who found that 
the ratio of dissolution rate of benzocaine in poly- 
sorbate 80 solution to that without the surfactant was 
substantially lower than the ratio predicted by the 
Noyes-Whitney theory. These results have been sup- 
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ported by the findings of Parrott and Sharma (19), 
Gibaldi et a]. (20), and Elworthy and Lipscomb (21). 


In 1964, Higuchi (22) presented a theoretical analysis 
pertinent to the influence of interacting colloids, such as 
micelles, on mass transport. Higuchi concluded that dis- 
solution rate (d.r.) in micellar solution under sink condi- 
tions could be described by 


DC, DmCm d.r. = -- + __ 
I1 h 


where D and D, are the diffusion coefficients for the free 
drug and micelle-solubilized drug species, respectively, 
C, is the solubility of the drug, C,n is the solubility in- 
crease due to solubilization, and h is the effective diffu- 
sion layer thickness. The influence of solubilization is 
determined by calculating the ratio (R) of dissolution 
rate in surfactant solution to that in pure solvent and by 
assuming that certain constants, such as h, have essen- 
tially the same value under each experimental condition. 
It follows that 


Rewriting Eq. 2 according to Singh et al. (23): 


where Ct is the total solubility of the drug in the sur- 
factant solution Deff. = (DC, + D,C,)/Ct. According 
to Eq. 3, at any degree of micellar solubilization the 
larger the molecular size of the micelle-drug species 
formed upon interaction, the smaller will be the in- 
fluence of solubilization on the dissolution rate. Hence 
the potential influence of enhanced solubility on dis- 
solution rate in a micellar solution is offset by the ex- 
pected small diffusion coefficient of the micelle-drug 
species. In fact, it is plausible to consider that in some 
cases Da,ff. G DC,/C, and that the surfactant would have 
virtually no effect on dissolution rate. Higuchi (22) 
further predicted that the magnitude of effects of inter- 
acting colloids on dissolution rate will approach that on 
solubility only when the drug concentration in solution 
approaches or exceeds the solubility in pure solvent. The 
larger effects on dissolution rate predicted above satura- 
tion solubility are evident in the repcrts of Bates et al. 
( 1  7, 18) and Wurster and Polli (24). 


Gibaldi et al. (20) studied the effect of micellar solu- 
tions of a nonionic surfactant on the dissolution rate of 
benzoic acid using the rotating-disk and static-disk 
methods. Their results suggested that Eq. 3 was not ap- 
plicable to all dissolution systems since the influence of 
the surfactant on dissolution rate was substantially 
greater in the static-disk method studies than in the ro- 
tating-disk method studies. The role of hydrodynamics in 
assessing the influence of colloidal solubilizers on dissolu- 
tion rate was subsequently quantified by Singh et al. 
(23). These workers found that the influence of sur- 
factants on dissolution rate using the stirred and static- 
disk methods could be described by Eqs. 4 and 5, 
respectively: 


Equation 3 described the situation reasonably well only 
when dissolution occurred under conditions of apparent 
laminar flow provided by a propeller-driven stirrer ap- 
paratus. 


These findings were confirmed by Gibaldi et al. 
(25) in their studies on the dissolution of benzoic and 
salicylic acids in micellar solutions of polyoxyethylene 
lauryl ether. Their results also suggest that the influence 
of micellar solubilization on the dissolution rate of drugs 
from conventional dosage forms will be significantly 
greater than that predicted by diffusion layer theory 


While the influence of micellar solubilization on dis- 
solution rate has been studied rather extensively, the 
effect of low concentrations (below the CMC) of surface- 
active agent on the dissolution of drugs from powders 
and other solid dosage forms has been given limited at- 
tention. Finholt and Solvang (26) studied the dissolu- 
tion of phenacetin powder dusted on the surface of 0. I N 
HCl containing low concentrations of polysorbate 80. 
An increase in the polysorbate 80 concentration from 0 
to  0.01 % causes a significant increase in the dissolution 
rate. A linear relationship was observed when the time 
required to dissolve 10% of the powder was plotted as a 
function of the surface tension of the test solution. The 
effect of polysorbate 80 on the dissolution rate of 
phenacetin is caused mainly by its ability to reduce the 
contact angle between the powder and the dissolution 
medium. 


More recently, Weintraub and Gibaldi (27) studied 
the influence of premicellar concentrations of a non- 
ionic surfactant and certain physiologic surfactants on 
the dissolution rate of drugs from powders and from com- 
mercial dosage forms. Polyoxyethylene lauryl ether and 
lysolecithin enhanced the dissolution rate of powdered 
salicylic acid in 0.1 N HCI, and sodium glycocholate in- 
creased the dissolution rate of powdered salicylamide in 
pH 6.0 buffer. In each case the effect principally involved 
a “wetting” phenomenon rather than solubilization. Both 
the nonionic ether surfactant and lysolecithin enhanced 
the dissolution rate of aspirin from a tablet dosage form 
but were without effect on the dissolution rate of the 
drug from a capsule dosage form. Good correlation was 
found between surface tension lowering and the disso- 
lution rate of aspirin from the tablet. 


(Eq. 3). 


ROLE OF GASTRIC EMPTYING AND INTESTINAL 
TRANSIT IN DRUG ABSORPTION 


The rate at which a drug leaves the stomach may have 
a profound influence on the overall rate and extent of 
drug absorption. For example, a weak base such as 
quinine will be absorbed primarily from the small in- 
testine rather than from the stomach. Slow gastric 
emptying can also affect the biological availability of 
drugs that are unstable in gastric fluids. 


An example of the effect of gastric emptying on drug 
absorption can be found in the work of Levy and Jusko 
(28). These workers studied the absorption of riboflavin 
in human subjects and found that administration of the 
vitamin after a test meal increased the urinary recovery 
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Table I-Influence of Bile Salts on Gastric Emptying of 
Phenol Red in the Rat 


Gastric 
No. of Emptying," 


Test Solution Animals + I SD 


Control 5 76 + 3 
Sodium taurodeoxycholate 


26mM 5 80 + 5 
50 mM 5 67 i 10 


100 mM 5 49 f 8 


5 mM 3 69 i 4 
10 mM 1 56 
26mM 4 17 + 5 


Sodium deoxycholate 


0 Results expressed as percent of dose emptied 0.5 hr. after gastric 
intubation. 


of the vitamin. Riboflavin is apparently absorbed by a 
specialized process high in the jejunum (28). Since the 
absorption process for riboflavin is capacity limited, the 
rate at which the vitamin passes the absorption site may 
have an influence on the overall extent of absorption. 
The authors postulate that a meal reduces the rate of 
gastric emptying and in turn the rate at which riboflavin 
reaches the site of specialized transport. This in turn 
results in an increase in the gastrointestinal absorption 
of the vitamin. 


Varga (29) studied the effect of route of administiation 
on the LD,, of chloroquine in rats. He found that there 
was a marked difference between the LD60 of chloro- 
quine after gastric intubation (1080 mg./kg.) and in- 
testinal intubation (210 mg./kg.). The difference in LDSO 
was attributed to the delayed gastric emptying resulting 
from a pharmacologic effect of chloroquine since little 
absorption of the drug occurs from the stomach. 


Surface-active agents, particularly polyoxyethylene 
derivatives, may influence gastric emptying rate and 
intestinal transit by physically altering the viscosity of 
the gastrointestinal fluids. Levy and Jusko (30) have 
shown that an increase in the viscosity of the gastro- 
intestinal fluids can decrease the absorption rate of 
certain drugs by retarding the diffusion of drug mole- 
cules to the absorbing membranes and by reducing 
gastrointestinal transit. Okuda et al. (3 1) studied the 
effects of nonionic surfactants on the intestinal absorp- 
tion of vitamin BIZ. These workers found that three of 
the surfactants studied enhanced the gastrointestinal 
absorption of the vitamin when the surfactant was ad- 
ministered undiluted in high doses. The enhancing effect 
of polysorbate 80, polysorbate 85 (polyoxyethylene 
sorbitan trioleate), and G-1096 (polyoxyethylene sorbi- 
tan hexaoleate) was postulated to be due to  the forma- 
tion of a highly viscous mass in the gastric and intestinal 
lumen which resulted in a delay in gastric emptying and 
an enhancement in the gastrointestinal absorption of 
vitamin B12. 


A surfactant may also exert a specific pharmacologic 
effect on the gastrointestinal tract which may influence 
drug absorption. For example, Lish (32) reported that 
dioctyl sodium sulfosuccinate, an anionic agent, inhibits 
the rate of propulsion of a test meal through the gastro- 
intestinal tract of the rat. The effect was ascribed to a 
slowing of gastric emptying by the surfactant. The 
mechanism of action was thought to be mediated by a 
substance (or substances) formed after contact of the 


intestinal mucosa with the surface-active agent. In a 
recent study, Necheles and Sporn (33) found that there 
was an inhibition of gastric motility in the dog following 
introduction of certain detergents into the gastric 
pouch. 


The influence of bile salts on gastrointestinal motility 
and transit has been the subject of several reports. Pan- 
nett and Wilson (34) first reported in 1921 that the addi- 
tion of a small quantity of sodium taurocholate to a test 
meal is followed by an abnormally rapid evacuation of 
the stomach contents. They also found an increase in the 
secretion of acid in the presence of the bile salt. In a de- 
tailed study, Sasaki (35, 36) reported the effects of 
orally administered bile salts on the motility of the rab- 
bit gastrointestinal tract. Sasaki (35) found that the 
effects of bile salts on gastric motility were extremely 
variable, with a slight increase in motility noted at low 
doses of bile salts and a small decrease in motility at 
higher dose levels. The effect of bile salts on intestinal 
motility (36) also was of a small order of magnitude. The 
bile salts usually produced a small increase in motility. 


Recently, Feldman and Gibaldi (37) reported on the 
effect of orally administered bile salts on gastric empty- 
ing in the rat. Using phenol red as a marker substance, 
these workers found that both sodium deoxycholate and 
its taurine conjugate, sodium taurodeoxycholate, sig- 
nificantly decreased gastric emptying of the phenol red 
test solution (Table I). A significant difference was ob- 
served, however, in the relative influence of the bile salts 
on gastric emptying. The unconjugated bile salt pro- 
duced results comparable to the conjugated derivative at 
about 0.1 to  0.2 the dose of the latter. Further studies 
(38) as to  the influence of sodium deoxycholate on 
gastric emptying as a function of time after administra- 
tion indicate that the bile salt markedly alters the pat- 
tern of gastric emptying. Gastric emptying of intubated 
phenol red in control rats proceeds in an apparent first- 
order manner with a half-life of about 13 niin. In rats 
given sodium deoxycholate, an initially rapid gastric 
emptying phase, followed by a transition region where 
little emptying occurs, is noted over the 1st hour. The 
2nd hour after intubation is characterized by an 
exponential decline in phenol red in the stomach, with a 
half-life of 36 min. 


Intubation of sodium deoxycholate and sodium 
taurodeoxycholate also results in a large net secretion of 
fluids into the gastric pouch for at least I hr. after ad- 
ministration. The increase in gastric secretion and vol- 
ume in the presence of bile salts offers an explanation for 
the observed decrease in gastric emptying. Hunt and 
MacDonald (39) have shown that as the volume of a 
test meal increases, the percentage of the gastric contents 
leaving the stomach per unit time becomes smaller. In 
addition, these workers noted that distension of the 
intestine reduces the coordinated propulsive activity of 
the gastric antrum as well as the duodenum. Thus, it 
appears likely that the reduced gastric emptying and 
transit rate through the proximal intestine induced by 
the administration of bile salts are related to  the in- 
crease in the volume of fluid secreted into the gastric 
pouch. 


The possibility exists that oral administration of bile 
salts may influence the absorption of drugs admin- 
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istered concurrently by modifying the pattern of gastric 
emptying. For example, the data of Mayersohn et al. 
(40) suggest that the increased absorption of riboflavin 
in man observed upon coadministration of sodium 
deoxycholate may be due, in part, to a decrease in gastric 
emptying. Administration of riboflavin with sodium 
deoxycholate results in both a pronounced increase in 
the peak urinary excretion rate of Aavins as well as a 
marked delay in the occurrence of the peak rate com- 
pared to control studies (Fig. 1). A reduced rate of 
gastric emptying would result in prolonged and more 
complete absorption of the vitamin since absorption is 
limited to the proximal intestine and occurs via a 
“saturable” process (28,41). 


FACTORS INFLUENCING DRUG PERMEATION 
OF BIOLOGIC MEMBRANES 


Two possible ways come to mind by which the rate of 
drug transfer from solution across biologic membranes 
may be altered. First, a change in the physical-chemical 
properties of the drug due to the presence of an additive 
could reduce or enhance the rate of transport and, sec- 
ond, an alteration in the permeability of the membrane 
could also influence transfer rate. Each of these possi- 
bilities is developed further in the subsequent para- 
graphs. 


I .  Drug-Adjuvant Interactions-A significant change 
in the ability of a drug to permeate a biologic membrane 
may result from an interaction with another molecule. A 
molecular complex consists of constituents held to- 
gether by weak forces such as hydrogen bonds. This type 
of interaction is usually reversible, provided that the 
complex is sufficiently soluble in the biologic fluids. The 
properties of drug complexes, including solubility, 
molecular size, diffusiveness, and lipid-water partition 
coefficient, can differ significantly from the properties of 
the respective free drugs. These differences are respon- 
sible for the fact that many drug complexes cannot pene- 
trate biologic membranes and, therefore, have no bio- 
logic activity (42). In such cases, the fraction of drug in 
the complex, which is in equilibrium with the noncom- 
plexed drug, will be in an essentially nonabsorbable form 
and the effective concentration of drug will be less than 
the total concentration. 


Surfactants may also interact with drug molecules and 
affect the gastrointestinal absorption of these com- 
pounds. Riegelman and Crowell (43-45) studied the 
effects of surfactants on the rectal absorption of iodo- 
form, triiodophenol, and iodide in rats. Polysorbate 80 
and sodium lauryl sulfate were found to decrease the 
rectal absorption rate of iodoform and triiodophenol, 
but to increase the absorption rate of iodide. The de- 
crease in rectal absorption rate of iodoform and triiodo- 
phenol was attributed to micellar complexation of the 
drugs, while the increase in iodide absorption rate was 
postulated to be due to a cleansing action of the sur- 
factant on the intestinal mucosa surface. Since iodide 
ion is lipid insoluble, it would not be expected to be in- 
corporated into the surfactant micelles. Retardation of 
iodoform and triiodophenol absorption in the presence 
of micellar concentrations of the surfactants is in accord 
with the following model: (a) a micellar solution con- 


sists of two phases; (6 )  the partition ratio of drug be- 
tween the micellar phase and the aqueous phase is con- 
stant, independent of drug concentration ; and (c) ab- 
sorption of the drug incorporated in the micelle is 
negligible. Since the drug in the micellar phase is unavail- 
able for absorption, the effectiveconcentrationof thedrug 
is less than the apparent concentration, and a decreased 
absorption rate is observed. 


Levy and Reuning (46) studied the effect of micellar 
solutions of polysorbate 60 (polyoxyethylene sorbitan 
monostearate) on the absorption of ethanol and sali- 
cylic acid from the rat gastric pouch. These workers 
found that in the presence of 2 polysorbate 60 the ab- 
sorption of salicylic acid was decreased from 50% in 1 
hr. to 33 % in 1 hr., while ethanol absorption remained 
unchanged. The observed effect was due to a decrease in 
activity of salicylic acid as a result of micellar com- 
plexation. The absorption of ethanol (which would not 
be incorporated into the surfactant micelles) was un- 
affected by the presence of the surfactant. 


Kakemi et al. (16) studied the effect of various non- 
ionic surface-active agents on the rectal absorption of 
sulfonamides from solution in the rat. At concentrations 
of the surfactant above the CMC, a reduction in the ab- 
sorption rate of the sulfonamides was observed due to 
‘centrapment” of drug in micelles. The experimental 
results were in agreement with the limiting case of the 
following theoretical equation, assuming that the solu- 
bilized drug was not absorbed to any appreciable extent. 


where AT,  A,, and A ,  represent the absorption rates of 
both free and micelle-solubilized drug, free drug, and 
solubilized drug, respectively; S is the surfactant con- 
centration (g./lOO ml.); and K, is a distribution constant 
equal to [drug-micelle]/[free drug] .[a. 


Yamada and Yamamoto (47) found similar effects of 
micellar solutions of polysorbate 80 on the intestinal 
absorption of salicylamide in the perfused rat small 
intestine. Also, they observed no apparent effect of poly- 
sorbate 80 on the mucosal membrane, as determined by 
permeability experiments with salicylamide before and 
after a prolonged perfusion of the intestine with a 
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Figure 1- Urinary excretion rate of apparent riboflavin afer oral 
adminisiration of 30 mg. riboflavin (Subject W.  J.). Key: 0, control, 
and 0,600 mg. sodium deoxycholate. 
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polysorbate 80 solution. This technique, however, can 
only detect irreversible effects on membrane perme- 
ability. Matsumoto (48) offered essentially the same 
mechanism of micellar solubilization and a correspond- 
ing decrease in free drug concentration to explain the 
effect of polysorbate 80 on the intestinal absorption of 
sulfisoxazole in the rat. Saski (49) studied the effect of 
micellar solutions of tyloxapol, a nonionic surface-active 
polymer, on the transfer of hydrocortisone across the 
everted rat intestine. Drug transfer rate was inversely 
proportional to the surfactant concentration and the 
viscosity of the solution tested. The data suggest that the 
membrane is impermeable to the drug-micelle species. 


2. Membrane Permeability-A number of sub- 
stances have been found to “interact” with biologic 
membranes and thereby alter permeability or transport 
characteristics. For example, Schanker and Johnson 
(50) and Windsor and Cronheim (51) have shown that 
the chelating agent, ethylenediaminetetraacetic acid, can 
increase the in uiuo intestinal absorption of a number of 
lipid-insoluble compounds in the rat. The depletion of 
calcium from the intestinal membranes by the chelating 
agent was suggested as the reason for these results. 


Surfactants may also be capable of modifying the 
properties of biologic membranes. Alexander and Trim 
(52) reported that the penetration of hexylresorcinol 
into Ascaris lumbricoides can be affected by ionic 
surfactants in two different ways. Surfactant concentra- 
tions below the CMC increased the penetration of hexyl- 
resorcinol into the worm. These workers suggested that 
a complex between hexylresorcinol and surfactant 
monomer was responsible for the increase in concentra- 
tion of the drug at the membrane surface. They did not 
consider the possibility that the site of action of the 
surfactant could be the membrane itself and that the 
increased penetration of the drug in the presence of the 
surfactant could be due to  alteration of membrane 
permeability. At concentrations of surfactant above the 
CMC, the absorption of hexylresorcinol was reduced due 
to the formation of an unabsorbable micelle-drug 
complex. 


Levy et al. (53) studied the effect of a nonionic sur- 
factant, polysorbate 80, on the absorption of a number 
of barbiturates across the goldfish membranes. The 
absorption rate of the barbiturates was found to increase 
significantly in the presence of low concentrations (be- 
low the CMC) of surfactant and to decrease at  
higher concentrations of the surfactant. Scheme I 
was proposed to explain the results. Further studies 
by Levy and Anello (54) showed that the increase in 
absorption rate of secobarbital at concentrations of 


secobarbital 
poly sorbate-micelle + polysorbate micelle 


8 
secobarbital 


\ 
polysorbate 


I nonmicellar complex? 


.1 
(more rapid permeability-enhancing 
absorption?) effect on membrane 


I 
absorption 


Scheme I 


polysorbate 80 below the CMC was due to an increase in 
the permeability of the biologic membranes rather than 
to formation of a more rapidly absorbed nonmicellar 
polysorbate-secobarbital complex. Anello and Levy 
(55) have also shown that premicellar concentrations of 
polysorbate 80 enhance the absorption and exsorption 
of 4-aminoantipyrine across the goldfish membranes. 
Gibaldi and Nightingale (56) studied the influence of 
sodium taurodeoxycholate on pharmacologic effect 
(time required to produce overturn) of pentobarbital 
and ethanol in goldfish. These workers found that the 
bile salt significantly potentiated the pharmacologic 
effect, presumably by modifying membrane permeability. 
Further studies (57) indicated that the bile salt exerts an 
all-or-none effect on the uptake of 4-aminoantipyrine in 
goldfish; an alteration in membrane permeability is 
observed above a certain bulk concentration but below 
the CMC of the surfactant. Whitworth and Yantis (58) 
found an increase in the absorption of salicylic acid 
across the external membranes of the frog in the pres- 
ence of 0.1 % polysorbate 80. 


In a study of the percutaneous absorption of ionic sur- 
factants, Scala et al. (59) found that the salt of a long- 
chain fatty acid, an alkylbenzene sulfonate, and dodecyl- 
trimethyl ammonium chloride alter skin permeability 
as they diffuse into and through the skin. When nico- 
tinate and thiourea were placed in the surfactant solution, 
the rate of diffusion of these compounds was found to 
increase with time, similar to the diffusion characteristics 
of the surfactants themselves. In the absence of sur- 
factant, nicotinate and thiourea showed linear diffusion 
which remained constant over the time period studied. 
In a study of the effects of polysorbate 80 on the in 
uitro metabolism of Ehrlich-Lettre ascites carcinoma 
cells, Kay (60) found that the permeability of the cells 
was increased greatly in the presence of the surfactant 
as shown by the uptake of a dye, Lissamine green. 


Appel et al. (61) found that simultaneous feeding of 
sodium lauryl sulfonate and inulin to rats results in up 
to a 10-fold increase in urinary inulin excretion over 
control values. The enhanced urinary excretion of inulin 
may be the result of an increase in intestinal Permeability 
to inulin in the presence of the surface-active agent. 


Mori et al. (62) reported that rats and hamsters fed 
polysorbate 20 (polyoxyethylene sorbitan monolaurate) 
showed increased gastrointestinal absorption of iron. 
However, Brise (63) in a later study reported that there 
was no effect of polysorbate 20 on iron absorption in 
man. He further postulated that the increase in absorp- 
tion of iron in hamsters in the presence of polysorbate 
20 observed by Mori et al. may have been due to some 
“toxic” action of the surfactant. 


Suzuki et al. (64) found increased capillary permea- 
bility, as measured by a circulating dye, at the site of an 
intracutaneous injection of various nonionic surfac- 
tants. The authors concluded that this increase was 
mainly due to  the wetting and solubilizing effects of the 
surfactants on the lipid structure of the capillary wall. 
Penzotti and Mattocks (65) found an increase in the 
rate of peritoneal dialysis of urea and creatinine in rab- 
bits in the presence of surface-active agents. It was 
found that the order of magnitude of effects decreased in 
the following manner: cationic > anionic >> nonionic. 
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The possible mechanisms of action were not discussed, 
but it appears likely that the mechanism may involve a 
permeability alteration of the peritoneal membrane. 


Nissim (66) studied the effect of feeding cationic, 
anionic, and nonionic surface-active agents on the 
histology of the mouse gastrointestinal tract. He found 
marked pathological changes when the ionic surfactants 
(cationic and anionic) were fed to mice but no effects 
when nonionic surfactants were tested. Taylor (67) 
studied the effects of cetyltrimethylammonium bromide 
on transport and metabolism in the small intestine of 
the rat. The surfactant was found to produce no his- 
tological damage to everted rat intestine sacs at concen- 
trations of M ,  but caused considerable injury to 
the mucosa at concentrationsof5 X 10-4Mand 10-3M. 
Concom.itant with the mucosal damage by the higher 
concentrations of the surfactant was an inhibition of 
the everted intestinal transport of glucose, methionine, 
and water. 


Lish and Weikel (68) studied the effects of surface- 
active agents on the absorption of an anionic dye, 
phenol red, from the colon of the anesthetized rat. 
Anionic surfactants were found to enhance greatly ab- 
sorption of the dye while a nonionic surfactant had no 
effect. None of the surfactants studied influenced the 
absorption of a cationic dye, methyl violet. 


Matsuzawa et al. (69) found that the addition of 
nonionic surfactants (polysorbate 80 and a series of 
polyoxyethylene derivatives of hydrogenated castor 
oil) to solutions of the antibiotic, enduracidin hydro- 
chloride, resulted in an increase in absorption of the 
antibiotic from the femoral muscles of the rat. The 
mechanism of action was not elucidated, but there is a 
strong possibility that the surfactant may have altered 
the permeability of the muscle to the antibiotic. 


Engel and Riggi (70, 71) studied the effect of sur- 
factants on the intestinal absorption of heparin in the 
rat. They found that intraduodenal administration of 
heparin with either sodium lauryl sulfate, dioctyl so- 
dium sulfosuccinate, or G-3300 (an alkyl aryl sulfonate) 
resulted in an increase in heparin absorption over that 
observed when heparin was administered alone. These 
workers also reported enhanced heparin absorption in 
the presence of 0.4% sodium taurocholate. The authors 
postulate that the increase in heparin absorption is due 
to an effect of the surfactant on the intestinal mucosa. 


Davenport (72) has reported that bile salts are capable 
of increasing the permeability of the gastric mucosa as 
judged by hydrogen-ion flux. The influence of an uncon- 
jugated bile salt, sodium deoxycholate, on the absorp- 
tion of phenol red in the rat was recently studied by 
Feldman et aI. (73) using three different techniques to 
assess absorption-uiz., urinary excretion after oral 
administration to intact animals, loss of drug from in 
situ intestinal loops, and transfer of drug across the 
isolated everted intestine. Each method showed that the 
bile salt markedly enhances the absorption or transfer 
rate of phenol red across the gastrointestinal mem- 
branes. The studies in intact animals indicated that the 
effect of sodium deoxycholate on gastrointestinal 
permeability was reversible. 


Few studies of surfactant effects on drug absorption 
in man have been reported. Mayersohn et al. (40) found 


that when 600 mg. sodium deoxycholate is administered 
30 min. prior to a 30-mg. dose of riboflavin, there is a 50 
to 80% increase in total urinary recovery of apparent 
riboflavin. A similar but less marked enhancement was 
observed when the same dose of flavin mononucleotide 
was given with the bile salt. It is likely that change in 
the permeability of the gastrointestinal membranes is 
the principal mechanism of these effects, although in 
the case of riboflavin a reduction in gastric emptying 
may also play a role. 


PHYSIOLOGIC SURFACTANTS AND DRUG ABSORPTION 


Interest in the possible existence of a surfactant(s) 
in gastric fluid has been stimulated by the recent work of 
Finholt and Solvang (26). Samples of gastric juice ob- 
tained from patients under examination for diseases of 
the stomach showed low surface-tension values (38 
to 47 dynes/cm.) and marked wetting activity as judged 
by powder dissolution studies. The rates of dissolution 
of powdered phenacetin in diluted gastric juice and in 
diluted HC1 at the same pH and adjusted to the same 
surface tension with polysorbate 80 were similar but 
markedly faster than the rates observed in diluted HCI 
alone. Hence, the dissolution of hydrophobic drugs in 
the stomach may be facilitated by the presence of 
physiologic wetting agents. 


The source of this surface activity in gastric fluids is 
not known, nor is it known whether or not gastric secre- 
tions themselves manifest surface activity. The presence 
of surface-active compounds in the gastric juice of some 
Crustacea was established by Vonk (74). Van den Oord 
et al. (75) reported that no bile salts could be detected in 
extracts of crab gastric juice. However, material with 
emulsifying properties was isolated ; later, these com- 
pounds were shown to be fatty acylsarcosyltaurines (76). 
Further work by Van den Oord (77) suggested that the 
emulsifiers occurring in the gastric juice of the crab 
are of endogenous origin. Unfortunately, similar 
studies with human gastric juice are not available. 


A possible source of the surface activity observed in 
human gastric fluid may be contamination from the 
duodenum. Reflux of duodenal contents would result 
in the presence of conjugated bile salts and lysolecithin, 
both highly surface active, in the gastric fluid. This 
possibility is strengthened by a recent report of Rhodes 
et aI. (78) on the concentration of bile acids in the 
human stomach upon fasting and after a test meal. 


Gastric fluid from normal fasting subjects contained a 
mean bile acid concentration of 0.08 f 0.03 (SE) mM. 
The levels observed after a test meal were essentially 
the same. On the other hand, gastric fluids from fasting 
subjects with gastric ulcers contained a mean bile acid 
concentration of 0.65 f 0.34 (SE) mM. For gastric 
ulcer patients, in contrast to normal subjects, the con- 
centration of bile acids after food was always greater 
than the immediate preprandial value. These findings 
indicate that a small amount of reflux of intestinal con- 
tents into the stomach occurs normally and that the 
reflux of bile is increased considerably in patients with 
gastric ulcers. Since Finholt and Solvang (26) obtained 
gastric juice from patients under examination for diseases 
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Table 11-Influence of Bile on Sulfadiazine Absorption from 
Intestinal Loops in the Rat 


Experimental Absorbed in 3 hr. 
Condition No. of Animals f 1 S D  


Controls 6 43 f 8 
Sham bile duct 


ligation 6 44 =t 7 
Bile duct 


ligation 
Choleresis 


10 
6 


26 =t 17 
63 =t 8 


of the stomach, the extrapolation of their results to  
normal gastric fluid requires further investigation. 


One of the most important groups of surfactants 
present in man is the bile salts. Bile is chiefly composed 
of conjugated bile salts, cholesterol, calcium, and 
lecithin, a phospholipid (79). There are six bile salts 
present in man-uiz., the taurine and glycine conjugates 
of deoxycholic acid, chenodeoxycholic acid, and cholic 
acid, present as the sodium salts. Endogenous bile 
salts represent the end products of cholesterol metabo- 
lism in the liver and are stored in the gall bladder after 
conjugation in the liver until required for digestion. 
The conjugation of bile salts by the liver with glycine and 
taurine is an essential physiologic process, since uncon- 
jugated bile salts are insoluble at the relatively low pH 
(6.3-6.6) present in the upper portion of the small 
intestine. Although the bile salts secreted into the 
intestinal lumen are, for the most part, conjugated, free 
acids may be present in the feces due to cleavage of the 
conjugated bile salts by microorganisms present in the 
large intestine. The concentrations of conjugated bile 
salts in the upper jejunum of the fasting human are 
above the critical micelle concentration and range 
between 5 and 10 mM (80). During fat digestion, con- 
centrations of conjugated bile salts in the order of 40 
mM are commonly found in the jejunum (8 1). 


Bile salts have long been implicated in the absorption 
of fat from the small intestine. They are known to have 
an important role in the emulsification of water- 
insoluble, long-chain triglycerides and in stimulating the 
hydrolytic action of pancreatic lipase, resulting in a 
mixture consisting of fatty acids, monoglycerides, 
diglycerides, and triglycerides (82). A powerful emulsi- 
fying agent is also formed by removal of a fatty acid 
moiety from a molecule of lecithin by a pancreatic 
phospholipase to give lysolecithin (83 ) .  


The ability of bile salts to solubilize lipid material has 
also been known for many years. The two lipids that are 
appreciably solubilized by the bile salt micelles are the 
lipolysis products-uiz., monoglycerides and fatty 
acids (82). Hofmann and Borgstrom (84) have shown 
that the presence of monoolein in a bile salt micelle 
greatly increases its ability to solubilize saturated fatty 
acids. Feldman and Borgstrom ( 8 5 )  have recently shown 
that small amounts of diglyceride and triglyceride can 
also enter such micelles. Fatty acids and monoglycerides 
contained in the micelles are delivered to the brush 
border of the mucosal cells of the proximal small 
intestine, where they are absorbed by a process which is 
not understood at  present. The bile salts, however, are 
not appreciably absorbed from the proximal intestine 
and become available for further solubilization of fat 


digestion products. Intestinal motility eventually car- 
ries the bile salts to the ileum where they are absorbed 
by an active transport process (86). 


Bile salts have also been shown to be involved in the 
absorption of materials other than fats. Bernhard et al. 
(87) showed that in the biliary fistula rat less than 1 
of a dose of vitamin A was absorbed. However, if a solu- 
tion of sodium cholate or taurocholate was introduced 
into the duodenum, the absorption of vitamin A was in- 
creased significantly. Greaves (88) has also reported 
that bile salts are essential for the intestinal absorption 
of vitamin K in the rat, Adequate absorption of vitamin 
D by the rat was shown by Greaves and Schmidt (89) 
to require bile. When the bile duct was implanted into 
the colon, the animals absorbed little or none of the 
vitamin. Oral administration of deoxycholic acid 
greatly improved absorption of the vitamin in these rats. 
Taylor (90) confirmed the need for bile for adequate 
vitamin D absorption in dogs. Heymann (9 1) also found 
that dogs did not absorb crystalline vitamin D, when 
bile was not present in the small intestine. 


Several reports have appeared in the literature 
(92-94) as to the importance of bile salts in the intestinal 
absorption of cholesterol. These studies also showed 
that the addition of exogenous bile salts enhances the 
absorption of this sterol. 


Lengemann and Dobbins (95) found that intra- 
peritoneal injections and large oral doses of sodium 
taurocholate enhanced the absorption of calcium by 
the rat, provided that bile was allowed to flow freely 
into the small intestine. Seyfried and Lutz (96) reported 
that the intestinal absorption of tetraiodophenolphtha- 
lein is greatly diminished in the absence of bile. Simul- 
taneous administration of bile or bile salts increases 
the absorption of this substance. Pekanmaki and 
Salmi (97) found that the absence of bile from the 
intestine of cats reduced the absorption of free phenol- 
phthalein but had no influence on the amount of 
absorbed phenolphthalein glucuronide, a water-soluble 
conjugate. The effect of the endogenous bile on free 
phenolphthalein absorption was attributed to  the 
solubilizing effect of bile salts on the free drug. 


Recently, Meli et al. (98) reported that endogenous 
bile influences the rate of intestinal absorption of 
ethynylestradiol-6,7-3H-3-cyclopentyl ether in rats. The 
rate of absorption of the estrogen was considerably 
lower in biliary-cannulated rats than in control animals. 
Since the steroid is relatively water insoluble, it is reason- 
able to consider that the presence of bile salts increased 
the solubility of the drug in the intestinal lumen and 
thereby enhanced the dissolution and absorption rate. 


Nightingale et al. (99) studied the absorption of sul- 
fadiazine in aqueous suspension from proximal intes- 
tinal loops in the rat under four experimental conditions 
-uiz., in control animals with intact bile flow, in bile 
duct-ligated animals, in sham-ligated animals, and in 
animals where bile flow was stimulated by intraperi- 
toneal administration of sodium dehydrocholate. The 
results are shown in Table I1 and clearly indicate that 
bile flow is an important factor in sulfadiazine absorp- 
tion from intestinal loops. The mechanism by which bile 
enhanced sulfadiazine absorption is probably due to 
micellar solubilization, resulting in an increase in the 
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dissolution rate of the drug. This possibility is supported 
by in uitro solubility studies. 


As noted, conjugation of free bile acids with glycine 
and taurine results in a considerable lowering of the 
pKa. Consequently, the conjugated bile acids exist in 
the intestinal lumen almost entirely as negatively 
charged ions. In the presence of amphipathic cations, 
bile salts behave as typical amphipathic anions and an 
insoluble molecular complex is the frequent result. 


Neomycin, a tetrasaccharide with two positively 
charged amine groups, precipitates glycine and taurine 
conjugates of dihydroxy and trihydroxy bile salts from 
aqueous solution (100). Addition of kanamycin, a 
cationic disaccharide antibiotic, to  human bile also 
results in precipitation (101). Formation of an insoluble 
complex between a drug and a component of the luminal 
contents will probably result in decreased absorption of 
the drug. The poor oral availability of certain drugs 
such as streptomycin may well be due to bile salt inter- 
action. 


Although the detergent properties of bile salts are 
well recognized, their potential for altering or regulating 
membrane permeability in the intestine has been given 
little attention. It is perhaps significant that the ileum, 
which is the site of active transport of conjugated bile 
salts, is the region of the small intestine in which the 
mucosal cells have the shortest life span (102). 


M ,  
comparable to the levels normally found in the proximal 
intestine, alter the permeability of the everted rat intes- 
tine to salicylate (103), salicylamide (104), riboflavin 
(40), and several other drugs. The salicylate data are 
shown in Table 111. There is a greater than twofold in- 
crease in the steady-state transfer rate of salicylate when 
micellar concentrations (>5 mM) of taurodeoxycholate 
are initially present in the mucosal solution. There are 
no significant differences between the transfer rates 
observed at  different sodium taurodeoxycholate con- 
centrations above the CMC. Mucosal solutions contain- 
ing 1 and 5 mM taurodeoxycholate produced consider- 
ably smaller changes in membrane permeability, an 
increase of 20-40 over control steady-state transfer 
rates. Incubation of the intestinal segments in drug-free 
mucosal solution containing 10 mil4 bile salt followed by 
the determination of salicylate transfer from bile salt- 
free drug solution yielded transfer rates essentially 
equivalent to those observed when 10 mM taurodeoxy- 
cholate was initially present with the drug. 


The data in Table I11 suggest that the bile salt effect is 
mediated uia two different mechanisms. One mechanism 
appears to be operative at concentrations of sodium 
taurodeoxycholate below or about the CMC and results 
in small increases in salicylate transfer rates. A second 
mechanism, which results in large increases in the 
permeability of the intestinal membrane, appears to be 
operative at sodium taurodeoxycholate concentrations 
above the CMC. 


The possibility that monomeric and micellar species of 
bile salt affect the biologic membrane in a significantly 
different manner is supported by recent studies on bile 
salt transfer in isolated jejunal loops of the rat. Dietschy 
(105) reports that at concentrations below the CMC the 
rate of passive transfer of sodium taurocholate increased 


Levels of conjugated bile salts in the order of 


Table 111-Effect of Sodium Taurodeoxycholate (STDC) on 
Mucosal-to-Serosal Steady-State Transfer of Salicylate“ Across 
the Everted Rat Small Intestine at pH 6.0 


No. of 
Intestinal Transfer Rate 
Segments =!= SD,  mcg./min. 


Control 
STDC 


100 mM 
50 mM 


19 40 f 5 


2 90 (87, 93) 
4 89 f 10 


87 =t 10 10 mM 1 1  
5 mM 6 57 * 9 
1 m M  7 48 f 7 


Control 4 40 f 4 
STDC, 10 mM 4 85 f 7 


Incubation 


a Mucosal salicylate concentration maintained essentially constant, 
2 mg./ml. Serosal salicylate concentration never exceeded 0.25 mg./ml. 


linearly with increasing mucosal concentrations of bile 
salt. According to Dietschy (105), “since the concentra- 
tion of monomer becomes almost constant as the total 
concentration of bile acid is raised to  and beyond the 
CMC, the rate of passive diffusion similarly should reach 
a limiting value at this same point if bile acid monomer 
were the only species diffusing passively across the 
bowel wall.” In fact, the permeability coefficient of the 
membrane actually increased at taurocholate concentra- 
tions above the CMC. “Micellar” taurocholate appears 
to move across the intestinal membrane twice as fast as 
the monomeric form. Based on the authors’ findings, one 
need not conclude that micellar transport of taurocho- 
late proceeds at a faster rate than monomer transport or 
indeed that it occurs at all. It is possible that micellar 
concentrations of bile salt in contact with the mucosa 
significantly enhance the permeability of the membrane 
toward the monomeric species. 


The latter possibility is further supported by Nogami 
et al. (106) who studied the sorption of surface-active 
agents by isolated rat intestine. The sorption of sodium 
lauryl sulfate and cetyltrimethylammonium bromide, 
with time, followed first-order kinetics at bulk concen- 
trations below the CMC and zero-order kinetics at con- 
centrations exceeding the CMC. This change in order is 
consistent with a mechanism involving penetration of 


Figure %Segments of eoerted rat small intestine after I-hr. in- 
cubation. Key: A,  physiologic buffer; B, buffer with 10 mM sodium 
taurodeoxycholate and 5 mM egg lecithin; and C, buffer with 10 mM 
sodium taurodeoxycholate. 
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REFERENCES Table IV-Influence of Egg Lecithin, Oleic Acid, and 
Glyceryl Monooleate (GMO) in Modifying the Effect of 10 mM 
Sodium Taurodeoxycholate (STDC) on the Transfer Rate of 
Salicylate Across the Everted Rat Small Intestine at pH 6.0 


No. of 
Incubation Intestinal Mean Transfer Rate 


Media Segments =!I SD,  mcg./min. 


Control 
STDC 
STDC + 5 mM 


6 30 f 3 
15 78 f 8 


lecithin 4 55 =!I 9“ 


lecithin 4 51 f 3” 
STDC + 10 m M  


STDC + 3 m M  
oleic acid + 1 m M G M O  4 72 f 


STDC + 6 mM 
oleic acid + 4 mM GMO 2 64 (63, 66) 


a Results significantly different from STDC alone ( p  < 0.05, Student’s 
t test, method of paired comparisons). 


the monomer but not the micellar species. However, in 
each case the observed zero-order rate constant was 
larger than the zero-order rate constant calculated from 
the results of experiments using premicellar concentra- 
tions. Hence, the micellar species appear to alter the 
permeability of the tissues for the monomeric species. 


When the intestinal tissue is incubated in solutions 
exceeding 5 mM bile salt concentration, the changes in 
permeability are invariably accompanied by pronounced 
changes in the gross appearance of the mucosal surface 
(Fig. 2 ) .  These observations suggest the possibility that 
micellar concentrations of sodium taurodeoxycholate 
produce pronounced changes in membrane structure, 
conceivably by solubilizing lipid components of the 
membrane such as phospholipids. These observations 
also raise an intriguing question as to why such toxic 
effects are not observed in the intact animal where the 
intestinal concentration of conjugated bile salts is com- 
parable to that used in the in vitro studies. 


The micellar species in the proximal intestine nor- 
mally contains a significant amount of lecithin in addi- 
tion to the conjugated bile salts. During digestion the 
micelle will also contain considerable amounts of fat 
digestion products. Feldman and Gibaldi (107) com- 
pared the effect of micellar solutions of pure bile salt and 
bile salt with lecithin or fat digestion products on the 
permeability of the everted rat intestine to salicylate. 
Their results are shown in Table IV. Addition of either 
phospholipid (egg lecithin) or fat digestion products 
(oleic acid and glyceryl monooleate) to 10 mM solutions 
of sodium taurodeoxycholate resulted in a protective 
effect on the everted intestinal membrane. There was a 
significant decrease in the transfer rate of salicylate after 
exposure of the everted intestine segment to 10 m M  
sodium taurodeoxycholate containing either phospho- 
lipid or fat digestion products when compared to the 
transfer rates in 10 mM sodium taurodeoxycholate 
alone. As shown in Fig. 2,  egg lecithin also protected the 
intestinal mucosa from the gross histological effects of 
the bile salt. Similar protective effects were observed 
with the fat digestion products. The results of this study 
may explain why conjugated bile salts are highly “toxic” 
to intestinal tissue in vitro but are apparently innocuous 
in uivo. 
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Complete deprotection of the pentapeptide XI1 was 
achieved by saponification, hydrogenation and treat- 
ment with trifluoroacetic acid affording L-histidyl-glycyl- 
L-aspartyl-L-seryl-L-phenylalanine (XIII), m.p. 21 5-21 8 ” 
dec. 


And-Calcd. for C24H31N709: C ,  51.34; H. 5.53; 
N, 17.47. Found: C ,  51.12; H, 5.68; N, 17.19. 


The free pentapeptide XI11 was homogeneous to paper 
chromatography and paper electrophoresis under a 
variety of conditions. 


Further studies on the catalytic activity and the chem- 
istry of the pentapeptide XI11 and other peptides incor- 
porating histidine and serine separated by different 
distances of amino acids are under investigation. 
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Interference of Polycarboxylic Acids in the 
Determination of Ester Degradation by the 
Hydroxamic Acid Procedure 


Keyphases 0 Ester degradation determination-polycarboxylic 
acid interference Hydroxamate assay procedure-polycarboxylic 
buffer interference [3 Colorimetric analysis-spectrophotometer 


Sir: 


In recent studies dealing with the kinetics of degrada- 
tion of polyethylene gIycol-600-mono-oleate in hydro- 


1 
1 2 3 4 5 6 7 


PH 


Figure 1-Absorbance of ferric Iiydroxamate after heating hydro- 
alcoholic solution buffered to carious p H  ralires with succinic acid 
for 24 hr. 


alcoholic solution at  80°, inconsistent results were ob- 
served. The degradation of the ester was determined by 
the ferric hydroxamate procedure (l), which indicated 
an apparent increase in ester concentration as a function 
of time. Investigation of the system leads us to believe 
that the succinate buffer system employed appears to 
react with the ethanol present in  the system to form 
esters. 


Blank solutions were prepared containing 0.1 M suc- 
cinic acid in 50 ethanol and adjusted to pH 2,4,5,  and 
7 with 0.1 N sodium hydroxide and then subjected to  
refluxing at 80” for 24 hr. Samples were then taken and 
assayed by the hydroxamate procedure (1) with the 
results shown in Fig. 1. It  is readily apparent that even in 
the absence of the test compound there is an increase in 
absorbance at 520 mp which indicates the formation of 
an ester species. The reaction probably proceeds via an 
intermediate anhydride formation as reported earlier 
(2, 3), which would show an identical pH dependency. 
As expected, similar results were noted in our experi- 
ments using other polycarboxylic buffer systems such as 
citrate and tartrate. The interference was essentially 
eliminated by the use of phosphate systems. 


These findings clearly indicate again the potential side 
reactions induced by buffers which may give rise to 
significant interference with analytical procedures. To 
test the validity of the assumption that the reaction in- 
volved esterification of the ethanol, identical solutions 
were prepared but substituting acetone for ethanol. Ace- 
tone was chosen since, if the proposed mechanism were 
correct, it would not react with the proposed anhydride 
intermediates. Solutions, after heating under the identi- 
cal conditions as cited previously, showed no change in 
absorbance at 520 mp. These findings would further 
support the hypothesis that esterification was taking 
place during the heating process. 


The above-cited interference could cause significant 
errors in the interpretation of high-temperature kinetic 
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data involving hydroalcoholic solutions such as elixirs 
which have been buffered with polyfunctional acids. 
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Books 


REVIEWS 


Amphetamine Abuse. Edited by J. ROBERT Russo. Charles C 
Thomas, Springfield, IL  62703, 1968. xii + 159 pp. 16 X 23.5 
cm. Price 7.50. 
This 159-page book is made up of the edited papers of the first 


National Institute on Amphetamine Abuse which resulted from A 
Delinquency Study and Youth Development Project of Southern 
Illinois University. It was funded from a grant awarded by the Of- 
fice of Juvenile Delinquency and Youth Development, United 
States Department of Health. Education, and Welfare and held dur- 
ing February, 1966. One finds contained within this volume the vari- 
ous viewpoints of law enforcement? the drug industry, the sociolo- 
gist, the psychiatrist, and medical researcher, and finally the interest- 
ing experience of a young amphetamine abuser himself. 


Although no attempt was made to correlate the contradictions of 
opinions expressed. the book stands as a good example of the com- 
plex spectrum of this social problem. It covers the topics of use, mis- 
use and abuse : psychiatric implications ; violations; law enforce- 
ment problems; and the important role of education. 


The reviewer can onlk reiterate the cover leaf description of the 
book which states that an educator predictively recommends educa- 
tion as a preventative, a member of the Narcotics Bureau pleads for 
stronger laws and greater police freedom in enforcement and so on. 
Hence, this book represents a forum for viewpoints from the various 
establishments affected by the amphetamine abuse problem, but 
does not cogently and coherently express ways to solve the prob- 
lem. However, the book does clarify much confusion in this area, it 
provides some lines of communication and it will help provide some 
basis for future legal. medical. and moral decisions about ampheta- 
mine abuse. 


Recirwed by  Ara H. Der Marderosian 
Philudelpliia College of Pharmacy atid Science 
Pt~ilrrd~lphia. P A  19104 w 


as characteristics of patient, physician, treatment milieu, and non- 
treatment milieu. Examples of many nonspecific factors considered 
are attitudes of patient and physician (optimistic or pessimistic) 
toward drug treatment, personality characteristics of patients (or 
normals), duration as well as intensity of emotional disturbance 
being treated, and prior drug experiences. The relationship of such 
factors to side effects and paradoxical responses as well as to thera- 
peutic success of drug treatment is examined. 


Various nonspecific influences of psychological and sociocultural 
characteristics are discussed at length by several contributors in 
relation to the phenomena associated with placebo treatment 
including the controversial concept of “placebo reactors.” While 
one chapter emphasizes the significance or “power” of the placebo 
and our knowledge of its relative effectiveness according to the 
varied circumstances, another chapter emphasizes the lack of knowl- 
edge on the true incidence of the placebo reactions and on the 
longitudinal consistency of the supposed “placebo reactor” charac- 
teristic. Certainly all agree to the need for further clarification of 
placebo phenomena and for enlarged and enlightened use of 
placebos in clinical drug studies. 


Designed “to provide the reader with some of the latest findings 
and thoughts” in an interesting and significant area of psycho- 
pharmacology, the volume accomplishes this objective reasonably 
well. It will be most useful to those with some previous awareness 
of the subject and to those who will make use of the good selection 
of bibliographic citations included to pursue their interest among 
important earlier works. 


Reciewed b y  W. Marvin Davis 
School of Pliarmacy 
Departmetit of Pharmacology 
The Utiicersity of Mississippi 
Unicersity, M S  38677 w 


Non-Specific Factors in Drug Therapy. Edited by KARL RICKELS. 
Charles C. Thomas, 301-327 East Lawrence Ave., Springfield, 
11, 62703, 1968, xii + 149 pp. 16 X 23.5 cm. Price $7.75. 


This symposium volume is derived from a session of the 4th World 
Congress of Psychiatry held in 1966. Nonspecific (i.e., nondrug) 
factors are considered particularly as they relate both to pharma- 
cologic treatment of depressions, neuroses, and schizophrenia, and 
to the psychopharmacologic effects of various drugs in normal sub- 
jects. Major nonspecific variables affecting drug therapy are grouped 


Autoxidation of Hydrocarbons and Polyolefins: Kinetics and Mech- 
anisms. By LEO REICH and SALVATORE S .  STIVALA, Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 1969. xi + 527 
pp. 15.5 cm. X 23.5 cm. Price $29.75. 
This book deals primarily with the kinetics and mechanisms of 


hydrocarbon and polyolefin autoxidation. Following a brief account 
of some early historical developments, Chapter 1 gives a clear, con- 
cise treatment of the general kinetics of free radical reactions. 
Chapter 2 covers the autoxidation of hydrocarbons in the absence 
of inhibitors and accelerators while Chapters 3 and 4 deal with 
simple hydrocarbon autoxidation in the presence of antioxidants 
and metal catalysts, respectively. The topic of weak chemilumines- 
cence during hydrocarbon autoxidation is presented in Chapter 5, 
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Determination of Radioactive-Labeled Codeine, Morphine, 
Dihydromorphine, and Their Metabolites in Biological Materials 


S. Y. YEH and L. A. WOODS 


Abstract 0 Recoveries of 14C-labeled morphine from aqueous 
solutions containing 1 to 500 ng. of drug (containing no ammonium 
ions) by extraction with three volumes of ethylene chloride con- 
taining 10, 20, or 30% of n-amyl alcohol were 82.9, 91, and 96%, 
respectively. Dihydromorphine was 79.1 % extracted by ethylene 
chloride containing 30% n-amyl alcohol, and codeine, 97%, with 
all the above mentioned solvent mixtures. Complete hydrolysis of 
conjugated metabolites of morphine, codeine, or dihydromorphine 
was achieved by autoclaving samples in a portable autoclave at 18- 
20 Ib. pressure for 2 hr. in a solution of 1.1 N HCI, or for 1 hr. in 
2.2 N HCI, or 0.5 hr. in 3.3 N HCI. The conjugated metabolites 
were also completely hydrolyzed by treatment in a steam-jacketed 
autoclave at 20 Ib. pressure for 0.5 hr. in 2.2 N HC1 or 1 hr. in 
1.1 N HCI. A procedure is described for the estimation of codeine 
and its metabolites, including morphine, in the same samples. 


Keyphrases 0 Codeine, metabolites--determination, biological 
samples 0 Morphine, metabolites-determination, biological 
samples 0 Dihydromorphine, metabolites4etermination, bio- 
logical samples 0 Radioctive labeling-codeine, morphine, di- 
hydromorphine, metabolites 0 Scintillometry, liquid-analysis 


Methods for determining codeine metabolites in  bio- 
logical samples have been described (1 , 2). Johannesson 
and Woods (3) modified the procedure for estimating 
radioactive morphine (4, 5) to  quantitate codeine 
metabolites in biological samples. Low recoveries of 
codeine metabolites, especially conjugated codeine and 
conjugated morphine, were obtained when using the 
hydrolysis procedure of Chernov and Woods (5) for 
biological samples. Incomplete hydrolysis of conjugated 
morphine in the early studies has been noted (6).  The 
present paper describes conditions for complete hydroly- 
sis of conjugated morphine, conjugated codeine, and 
conjugated dihydromorphine, and maximum extraction 
of codeine, morphine, and dihydromorphine in biologi- 
cal materials. 


EXPERIMENTAL 


Reagents-All reagents used were analytical grade. Toluene 
counting solution: 100 mg. of 1,4-bis-2(5-phenyloxazolyl)benzene 
(POPOP), and 3 g. of 2,5-diphenyloxazole (PPO) per liter of toluene; 
phenethylamine-methanol-toluene counting solution: 100 mg. of 
1,4-bis-2(5-phenyloxaolyl)benzene (POPOP), 3 g. of 2,5-di- 
phenyloxazole (PPO), 270 ml. of redistilled colorless phenethyl- 
amine (stored in an amber bottle less than 1 month after redistilla- 
tion), 270 ml. of absolute methanol, and toluene to make 1 1.; 
naphthalene-dioxane counting solution (7): 60 g. of naphthalene, 4 
g. of PPO, 200 mg. of POPOP, 20 ml. of ethylene glycol, 100 ml. 
of methanol, and dioxane to make 1 1.; NaOH solutions: 1.0-10.0 
N ;  morphine carrier, 1 mg./ml. of morphine sulfate in distilled HzO; 
codeine carrier, 1 mg./ml. of codeine phosphate in distilled H20;  
dihydromorphine carrier, 1 mg./ml. of dihydromorphine HCI 
in distilled HzO; N-14CH3-morphine (5) solution in 0.01 N HCI; 
N-14CH3-codeine (8) in 0.01 N HCI; N-14CH3-dihydromorphine 
(9) in 0.01 N HCI; 40 and 4% anhydrous K2HP04 solutions. 


Determination of Free and Conjugated Morphine-Estimation of 
Free Morphine-Duplicates of 1-ml. aliquots of biological samples 
were placed in 40-ml. centrifuge tubes containing 1 ml. of H20 and 
0.5 ml. of nonlabeled morphine carrier. The samples were buf- 


fered with 2 ml. of 40% K2HPO4 solution, shaken with 15 ml. of 
ethylene chloride containing 30 % n-amyl alcohol in an International 
shaker at 28&300 oscillations per minute for 30 min., and centri- 
fuged at 1700 r.p.m. for 15 min. The aqueous phase was removed by 
aspiration.' The organic layer was shaken by hand for 30 sec. 
with 5 ml. of 4% K2HP04 solution. After the mixture was centri- 
fuged for 15 min., the aqueous phase was removed by aspiration. 


Ten-milliliter aliquots of the organic phase from each sample were 
transferred to 20-ml. scintillation-counting vials and evaporated to 
dryness on a Fisher slide-warmer at 55". The residue was dissolved 
in 0.8 ml. n-amyl alcohol, 10 ml. of toluene counting solution was 
added, and the radioactivity of each sample was determined in a 
Nuclear-Chicago model 720 series liquid scintillator spectrometer 
for 3 X 10 min. Controls for background and known amounts of 
labeled morphine were run concurrently to serve as a check on the 
technique and the performance of the counter. 


Known concentrations of 1-500 ng. of N-14CH3-morphine were 
carried through the described extraction procedure and a linear 
relationship was obtained with the curve passing through the origin 
when net counts per minute (c.p.m.) or disintegrations per minute 
(d.p.m.) were plotted against the concentration. From the graph a 
factor converting c.p.m. or d.p.m. values to concentration was ob- 
tained for use in calculation of the drug present in biological mate- 
rials. 


Estimation of Total (Free plus Conjugated) Morphine-Duplicates 
of 1-ml. aliquots of biological samples, obtained after administra- 
tion of morphine, were placed in 40-ml. centrifuge tubes containing 
0.5 ml. of nonlabeled morphine. The mixture was autoclaved 1 hr. 
in 2.2 N HC1 (final normality) at 18-20 Ib. pressure in a portable 
autoclave (All-American portable pressure sterilizer, No. 25X, 
Wisconsin Aluminum Foundry Co.) and remained in the autoclave 
until the pressure dropped to 1-2 Ib. The hydrolyzed samples were 
first carefully adjusted to pH 9 by saturating with NaHC03 powder 
and then buffered with 2 ml. of 40% KzHP04 solution. The pro- 
cedure for the determination of free morphine was then followed. 


Conjugated morphine was calculated from the difference between 
the autoclaved and nonautoclaved biological samples. 


Determination of Free Dihydromorphine and Conjugated Di- 
hydromorphine-Free and conjugated dihydromorphine in bio- 
logical specimens were determined according to the above pro- 
cedure except using 0.5 ml. of nonlabeled dihydromorphine carrier 
instead of morphine carrier. 


Determination of Codeine and Its Metabolites-Estimation of 
Free Codeine plus Free Morphine-Free codeine and the free 
morphine, metabolite of codeine in the biological samples, were 
estimated according to the procedure for determination of free 
morphine except that 0.5 ml. of nonlabeled codeine carrier instead 
of morphine carrier was used. 


Estimation of Free Codeine-Free codeine in the biological 
samples was determined by modifying slightly the method for 
determination of free morphine and free codeine described above. 
Two milliliters of 0.5 N NaOH solution, instead of 2 ml. of 40% 
K2HP04 solution, was added to the sample. The apparent morphine 
remaining in the aqueous phase as sodium morphinate was re- 
moved by aspiration. The organic phase was transferred to another 
tube and shaken with 4 ml. of 0.1 N NaOH solution instead of 
4 ml. of 4 z  KzHP04 solution. The counting procedure for deter- 
mination of morphine was then followed. 


Estimation of Total (Free plus Conjugated) Codeine and Total 
Morphine-Duplicates of 1-ml. aliquots of the biological samples 
were placed in 40-ml. centrifuge tubes containing 0.5 ml. nonlabeled 


1 If radioactivity remaining in the aqueous was to be estimated, this 
phase was completely separated and 0.5-ml. aliquots were counted with 
1 0  ml. naphthalene-dioxane or phenethylamine-methanol-toluene solu- 
tion. 
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Table I-Recovery of NJ4CH3-morphine, N-14CH3-dihydromorphine, and N-14CH3-codeine in Aqueous Solution with and without 
NH40H by Extraction with Ethylene Chloride Containing Varying Amounts of n-Amy1 AlcoholD 


Solvents Containing 
n-Amy1 Alcohol 


Percentage of Added Radioactivity, Mean =t SD 
Extracted into the Remained in the 


Organic Phase Aqueous Phase 
~~~ 


I. Samples contained no NHaOH 
A. Morphine 


10% 
20 z 
30 z 
30 z 
30 z* 


B. Dihydromorphine 


C. Codeine 


Samples contained 1 ml. of 1 .8  N NHaOH 
A. Morphine 


10% 
20 z 


B. Dihydromorphine 
30 % 


A. Morphine 
10 zc 
20 z 


11. 


30. z 
111. Samples contained 1 ml. of 3.6 N NHaOH 


30 z 
B. Dihvdromorohine 


82.9 =t 3.3 
91.0 f. 3.3 
9 6 . 0 2 ~  1.8 


79.1 =t 0 . 8  


99.8-103.2 


67.9 f 1.8 
88.2 f 2.9  
93.8 f 1.0 


78.3 f 0.6  


33.5 =t 4.6  
56.5 f 0.9 
66.4 f 0.7 


74.9 =t 1.6 


96.9 f 1.9 
96.3 f 0 . 7  
97.5 * 2.2 


11.4 0.5 
5 .2  f. 0.3 
4.8 f 0 . 3  


9.0 f 0.2 


2.9-3.1 


17.8 f 0.2 
9.3 + 0.5  
8.1 f 0.5 


9.0 f. 0 . 2  


45.1 f 1.6d 
24.4 f 0.3  
17.0 f 0.1 


11.3 f 0 .5  


3.7 2Z 0.4 
3.0 f 0.5  
3.8 f 0.1 


a Samples contained 1 ml. of N-14CHa-morphine (5080 f 107 d.p.m.) or N-14CHa-dihydromorphine (8191 =t 156 d.p.m.), or N-I4CH3-codeine 
(4778 f 79 d..p.m.) and 0.5 ml. nonlabeled drug carrier (1 mg./ml.), 2 ml. of 40% KIHPOl solution and 1 ml. of distilled water or ammonium hy- 
droxide solution as indicated. Quadruplicate samples were used for each expernnent. b Duplicate samples were analyzed. c Four experiments (16 
samples) were carried out. d Radioactivity in the aqueous phase of 4 out of 16 samples was measured in duplicate. 


codeine carrier. The mixture was autoclaved in 2.6 N HCI at 18-20 
Ib. pressure in a portable autoclave for 1 hr. The hydrolyzed samples 
were carefully adjusted to pH 9.0 by saturating with NaHC03 
powder and buffered with 2 ml. of 40 % K,HP04 solution. The pro- 
cedure for estimation of free codeine and free morphine was then 
followed. 


Estimation of Totul Codeine-Total codeine in samples, which 
had been autoclaved and the pH adjusted to above 7.0, was esti- 
mated as free codeine. 


Culculatiori of Codeine Metubolites-Free codeine was calculated 
from a standard curve prepared from known concentrations of 
N- 14CH3-codeine. Conjugated codeine was calculated from the 
difference between the samples determined for total codeine and 
for free codeine. Free morphine was estimated from the difference 
between samples extracted for free morphine plus free codeine 
and that for free codeine only. Conjugated morphine was obtained 
from the difference between samples analyzed for total morphine 
plus total codeine and for total codeine only, followed by the sub- 
traction of the calculated amount of free morphine. 


Estimation of Total Radioactivity-Total radioactivity in the 
sample was determined by counting 0.5-ml. aliquots with 10 ml. of 
naphthalene-dioxane counting solution or 10 ml. of phenethylamine- 
methanol-toluene solution. T o l ~ e n e - ~ ~ C  was used as the internal 
standard. Disintegrations per minute (d.p.m.) of each sample were 
determined with the FORTRAN IV computer (10). 


Statistical Evaluation-Duncan’s new multiple-range test (1 1) 
was used for comparison of all the means. 


RESULTS 


Recoveries of Morphine, Dihydromorphine, and Codeine-The 
recoveries of morphine, dihydromorphine, and codeine from 
aqueous solution containing 0.5 mg. alkaloids and 1-500 ng. of 
radioactive-labeled drug by the described procedures were 96.0 
f 1.8, 79.1 =t 0.8, and 99.8-103.2%, respectively (Table I). 
The mean recoveries of morphine from aqueous solution containing 
2.5 to 10.0 mg. of morphine were 94.0 f 1.5%. The results in- 
dicate that the solvent mixture is very efficient for extraction of 
these alkaloids. 


The recovery of morphine from aqueous solution improved as the 
proportion of n-amyl alcohol was increased in the solvent mixture. 
Eighty-three percent of morphine was recovered with ethylene 
chloride containing 10% of n-amyl alcohol (Table 1). One hundred- 
percent recovery of morphine with the same solvent mixture has 
also been reported (4). The higher recovery presumably was due 
to the salting-out effect of Na2HP04 (5). The effect of saturation of 
NaCl or (NH4)2S04 on extraction of alkaloids from acidic soh- 
tion has also been described (12). The presence of ammonium ions 
was found to decrease the extraction of morphine (Table I). 


Separation of Codeine from Morphine-Codeine was extracted 
into the organic phase from an alkaline aqueous solution containing 
both codeine and morphine. The effect of alkalinity of the aqueous 
phase on the removal of morphine by the organic solvent mixture 
was such that it was necessary to add 2 ml. of 0.5 N NaOH solution 
and to transfer the organic phase to another tube to be washed 
with 4 ml. of 0.1 N NaOH solution. 


Recoveries of morphine and codeine, or codeine alone, from 
samples containing known amounts of both codeine and morphine 
indicated that both codeine and morphine were quantitatively 
extracted into the organic phase when the pH of samples was ad- 
justed to 9.0, and only codeine was extracted when the pH was 
adjusted to 12-13. 


Hydrolysis of Conjugated Morphine, Dihydromorphine, or 
Codeine-The plasma, bile, and urine of dogs collected after S.C. 
injection of N-l4CH3-morphine and urine of rats after S.C. 
injection of N-14CHa-codeine and N-I4CH3-dihydrornorphine 
were used for hydrolysis studies. Autoclaving samples in 1.1 N 
HCI at 18-20 Ib. pressure in a portable sterilizer for 0.5 hr. 
gave 60-70 hydrolysis of conjugated metabolites in biological 
samples. By increasing either the acid strength or the autoclaving 
time, hydrolysis of conjugated metabolites of each drug was increased 
(Tables I1 and 111). 


Complete hydrolysis of the morphine conjugate was achieved by 
autoclaving samples (a)  in a portable autoclave at 18-20 Ib. pres- 
sure in 3.3 N HCI for 0.5 hr., in 2.2 or 3.3 N HCI for 1.0 hr., or with 
1.1,2.2, or 3.3 NHCI for 2.0 hr. (Table II), or (b) in a steam-jacketed 
autoclave (American Sterilizer Co.) at 20 Ib. pressure with 2.2 or 
3.3 N HC1 for 0.5 and 1.0 hr. or with 1.1 N HC1 for 1.5 hr. (Table 
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Table IV-Hydrolysis of Pure Drug Conjugates : Codeine-6-glucuronide, Morphine-3-glucuronide, and Morphine-3-ethereal Sulfateo 


Sample N Time, hr. Mean =t SE Hydrolyzed, 
HC1, Autoclaving Liberated Drug, mcg., Conjugate 


Codeine-6-glucuronide 1 .1  0. 33.5 + 0 . 2  57.6 
dihydrate, 105 mcg. 2 .0  31.7 54.5 


2.6 


5 .3  


Morphine-3-glucuronide 2 .2  
dihydrate, 70 mcg. 


Morphine-3-ethereal 
sulfate, 210 mcg. 


2.2 


0 . 5  .~ 


1 .oh 
2.0  


0 .5  
1 .o 
1 .o 


1 .o 


36.6 
55.1 f 0 . 8  
54.5 


52.5 
53.1 


41.4 


150.5 


62.9 
94.7 
93.7 


90.2 
91.3 


98.3 


92.3 


~~~ 


a Quadruplicate samples were autoclaved with HC1 in a portable autoclave at 18-20 Ib. pressure. The liberated drug was determined with the modi- 
fied methyl orange dye method (16). b Three experiments with four samples each were done. 


111). The recovery of morphine was lower than maximum when the 
samples were autoclaved with 2.2 or 3.3 N HCI in a steam-jacketed 
autoclave at 20 Ib. pressure for 1.5 hr. and allowed to remain in 
the autoclave for 2 hr. (Table 111). After extraction, the radioactivity 
remaining in the aqueous phase wasapproximately 10% of the total 
in the biological samples. This radioactivity may represent mor- 
phine altered chemically by the conditions of autoclaving. 


Complete hydrolysis of isolated pure morphine-3-glucuronide, 
the major metabolite of codeine in rats or of morphine in rats, 
dogs, and man, and that of isolated pure morphine-3-ethereal 
sulfate, the major metabolite of morphine in cats, is accomplished 
under similar conditions as described above (Table IV). 


Codeine-6-glucuronide, the major metabolite of the drug iso- 
lated from the urine of dogs (13), is hydrolyzed completely in 2.6 
N HCI at 18-20 lb. pressure in a portable autoclave for 1 hr., or 
in 5.3 N HCI for 0.5 hr. (Table IV). 


Determination of Radioactivity in Aqueous Samples-Total radio- 
activity was determined successfully by mixing 0.5-ml. aliquots of 
aqueous solutions, plasma, bile, urine, or fecal homogenate with 
either 10 ml. of dioxane-naphthalene solution or 10 ml. phenethyl- 
amine-methanol-toluene solution. 


The results with the described procedure for analysis of N- 
14CH3-codeine metabolites in the bile, urine, and fecal homogenate 
of rats have previously been reported (8). 


DISCUSSION 


The recovery of total morphine, dihydromorphine, or codeine 
by extraction with ethylene chloride containing n-amyl alcohol is 
dependent on complete hydrolysis of conjugated drug and the proper 
adjustment of pH and salt concentration in the hydrolyzed samples. 
Using NaOH solutions to adjust the hydrolyzed samples to pH 
9-10 was somewhat tedious and laborious, involving some loss of 
samples due to testing the solution with pH paper. Ammonium 
hydroxide, instead of NaOH solution, had been used in these ex- 
periments to bring the hydrolyzed samples to pH 9-10. However, 
lower and inconsistent recovery of total morphine was observed, 
presumably due to the formation of ammonium morphinate salt 
which remained in the aqueous phase (Table I). The adjustment of 
autoclaved biological samples to pH 9 by saturating with NaHC03 
was found to give most satisfactory results. The recovery of codeine 
was not affected by either the presence of NHdOH ions in the system 
or by the amount of n-amyl alcohol. 


Conditions used in previous studies for hydrolysis of conjugated 
morphine and its analogs varied considerably. The original work 
on hydrolysis of conjugated narcotics reported by Gross and 
Thompson (14) stated that 35-92z of the injected morphinecould be 
recovered in the urine and feces of the dog after the biological sam- 
ples had been autoclaved in 1.1 N HCI at 15 Ib. pressure for 0.5 hr. 
Longer hydrolysis or use of stronger acid (up to 5.5 N )  did not 
change the yield. The autoclave used by Gross and Thompson was 
presumed to be a steam-jacketed one. Identical conditions were 


followed by most subsequent investigators (1, 15). Data havz also 
been reported on hydrolysis of morphine conjugate in 1.1 N HCI 
in a steam-jacketed autoclave at 18 lb. pressure for 0.5 hr. (2, 16) 
or 25 min. (4); in 0.8 N HC1 at 15-18 lb. pressure in a portable 
autoclave for 20 min. (5 ,  17); and in 4.1 N HCl on a boiling water 
bath for 0.5 hr. (18). The different results are probably due to the 
variablility of hydrolysis conditions. The elevated temperature is 
prolonged in a steam-jacketed autoclave which has been switched 
off, while the temperature in a portable autoclave drops quickly 
to room temperature. Furthermore, the kinetics of degradation of 
morphine in aqueous solution have been shown to be dependent 
on the morphine concentration, on the concentration of oxygen, 
and on temperature (19). 


The strength of the alkaline solution used by Johannesson and 
Woods (3) for extraction of codeine from aqueous solution con- 
taining codeine and morphine was found inadequate to remove 
morphine completely. In addition, with their procedure, 0.5 to 
1.0 ml. of the alkaline solution residue remained on the top of the 
organic phase. Ten to twenty-five percent of the apparent morphine 
was extracted back to the organic phase when it was shaken with 4 
ml. of 4 % K2HP04 solution. Conjugated morphine [45 Z of codeine 
injected in the rat (S)], a major metabolite of codeine, therefore 
would be mistakenly estimated as conjugated codeine. 
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Complexes of Ergot Alkaloids and Derivatives 111: 
Interaction of Dihydroergocristine with Xanthine 
Analogs in Aqueous Media 


H. V. MAULDING and M. A. ZOGLIO 


Abstract 0 The capacity of the poorly water-soluble ergot deriva- 
tive, dihydroergocristine methanesulfonate, to form intermolec- 
ular complexes with caffeine, theophylline, and 7-p-hydroxypropyl- 
theophylline was studied. Upon inclusion of xanthine, dihydroergo- 
cristine exhibited elevated solubility at pH 6.65, a larger dissolution 
rate constant in 0.1 N HCl, and a change in partitioning-rate con- 
stants for transfer of the alkaloid from aqueous to organic phases. 
These alterations of physicochemical properties appear to be a con- 
sequence of mutual interaction between the two components in 
solution. The effect of dihydroergocristine was enhanced on enteral 
administration with each of the three complexing agents as mea- 
sured on a-adrenergic blockade in cats. When tritiated dihydro- 
ergocristine was given orally to humans along with 7-p-hydroxy- 
propyl-theophylline, blood levels went higher and stayed higher than 
when the alkaloid was administered alone. The same situation was 
true of total urinary excretion of tritium. 


Keyphrases Ergot alkaloids- physicochemical analyses 0 
Dihydroergocristine, interacting- xanthine analogs Xanthine- 
dihydroergocristine complex formation- solubility effect 0 Bio- 
logical activity, dihydroergocristine-xanthines, effect 0 Parti- 
tioning rates-dihydroergocristine-xanthine complex 0 Colori- 
metric analysis-spectrophotometer 


Previous studies in this area (1, 2) have attempted to 
correlate in vitro data with physiological responses ob- 
served on addition of caffeine and other xanthines to 
several ergot alkaloids and their congeners (3-5). 


The present report is concerned with interactions 
occurring in solution between three complexing agents- 
caffeine, theophylline, and the soluble derivative 7-p- 
hydroxypropyl-theophylline-and dihydroergocristine 
methanesulfonate. Dihydroergocristine is one of the 
hydrogenated alkaloids of the ergotoxine group (6). 


This work points to a good accord between physico- 
chemical data derived from solubiIity, dissolution rate, 
and partitioning-rate studies and pharmacological re- 
sults from human and animal investigations. The 
evidence appears to  indicate complex formation leading 
to increased absorption rate, as well as the amount of 
absorption of many ergot derivatives in the presence 
of xanthines. 


EXPERIMENTAL 


Materials-Dihydroergocristine methanesulfonate' (mol. wt. 
707.8) showed only traces of contaminants when subjected to thin- 
layer chromatography. 


The various xanthines utilized were: 7-/3-hydroxypropyl-thee 
phylline,2 m.p. 135-138"; the~phylline,~ m.p. 272-274"; and 
caffeine anhydrous powder USP,4 m.p. 238". 


Melting points are uncorrected. Reagent grade chloroform 
(Mallinckrodt Chemical Works) was employed in the partitioning 
studies. A pH 6.65 buffer was made by dissolving 13.6 g. KH~POI in 
500 ml. water, adjusting the pH with concentrated KOH, and 
diluting to I 1. (ionicstrength, 0.2). 


The pH measurements were taken on a Metrohm pH meter and 
spectrophotometric data were obtained from a Cary model 14 
spectrop hotometer. 


Partitioning Studies-A solution was prepared by placing di- 
hydroergocristine methanesulfonate (150 mg.) in 950 ml. of pH 6.65 
phosphate buffer, stirring magnetically for 30 min. to 1 hr, followed 
by filtration (Whatman No. 1 filter paper) into a flask immersed in a 
water bath maintained at 30", and finally addition of pH 6.65 buffer 
to make 1 1. of solution. 


This solution was immediately analyzed for dihydroergocristine 
(7) and read at 585 mp (absorbance of 0.902 equivalent to 0.1 
mg./ml.). The usual concentrations of alkaloid obtained in this 
manner were in the range of 0.06 to 0.09 mg./ml.; 500 ml. (half) 
of this solution of known concentration was kept and 500 ml. had 
xanthine added to it. 


Fifteen milliliters of the freshly prepared aqueous phase-either 
with or without xanthine-was added carefully to 15 ml. chloroform 
in screw-capped vials (50 ml.). The vials were sealed and rotated at 
6 r.p.m. in a 30" (k0.1") water bath. Five-milliliter samples were 
taken at 3, 5 ,  7,9, 11, 13, and 15 min. from the aqueous phase and 
analyzed for dihydroergocristine by the Van Urk method (7). 


Solubility Studies-Dihydroergocristine (50 mg.) was placed 
in watertight, amber, screw-capped vials (50 ml.) containing exactly 
10 ml. of pH 6.65 phosphate buffer and varying quantities of the 
three xanthines being considered. The vials were clamped onto the 
edge of metal disks (15-cm. diameter) mounted on a motor- 
driven shaft and rotated vertically at 6 r.p.m. in a constant-tem- 
perature bath, 30 i 0.1". After 24 hr., samples were taken using 
pipets with filters attached and analyzed for dihydroergocristine by 
the Van Urk method (7). 
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The book is replete with references. Also appended is a list of 
reference standards (six enzymes and three substrates) available 
from the Commission. 


agents and products must be sought elsewhere. The British book 
will not replace the present excellent reference source, “Clinical 
Toxicology of Commercial Products” published by The Williams & 
Wilkins Company, Baltimore, Md., but may help to supplement 


Reuiewed by A. J. Vazakas portions of it. 
Johnson & Johnson 
New Brunswick, NJ 08903 8 Reviewed by John Autian 


Materials Science Toxicology Laboratories 
College of Pharmacy & College of Dentistry 
Uniuersity of Tennessee Medical Units 
Memphis, TN 38103 


British Medical Bulletin: Control of Human Fertility. Vol. 26, No. 1. 
Edited by G. I. M. SWYER. Medical Department, The British 
Council, 97 & 99 Park St., London, England, 1970. i + 97 pp. 
22 X 28.5 cm. Price $6.50. 
This issue contains papers on various aspects of human fertility 


contributed by a rather impressive list of investigators. This compila- 
tion takes a multidisciplinary approach with several papers dis- 
cussing the relative health hazards of various kinds of contraceptive 
methods, 


The papers are, for the most part, written to put the particular 
topic into a historical context, present the developments and status 
of the research, and provide some comments on the future direc- 
tions to be taken. This particular issue should be of interest not only 
to scientists actively working within this field, but also to those who 
are interested in a technical state-of-the-art review. 
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Clinical Toxicology. Second Edition. Edited by C. J. POLSON and 
R. N. TA~TERSALL. J.  B. Lippincott Co., Philadelphia, PA 19105, 
1969. x + 655 pp. 14.5 X 22.2 cm. Price $18.50. 
The growing interest in toxicology in colleges of pharmacy as 


well as by pharmacists as a whole will require greater attention 
being given to texts and references on the subject than presently 
available. Publication of the second edition of the British text 
“Clinical Toxicology,” offers some help to the teacher and student. 
As a text for American students it suffers from the inclusion of 
repeated references to medical-legal rules and interpretations which 
are quite appropriate for British students but extraneous and 
perhaps confusing to our students. The authors, however, have 
made it clear that the book is intended primarily for physicians 
who are in need of general and specific information on the clinical 
manifestations, treatment, and prognosis of cases of poisoning. In 
this respect, it can also be valuable to the pharmacist as a source 
book of clinical toxicology. The book is extremely easy to read and 
gets directly to the practical aspects of toxicity of compounds and 
products. Further interest is generated by including illustrative 
cases of poisoning which helps orient the reader to the effect of a 
particular substance ingested by a person. The authors do not try 
to cram volumes of information on a specific compound but include 
sufficient information which may be of extreme importance in 
diagnosing and treating a poisoned patient. 


“Clinical Toxicology” is divided into two parts. The first and the 
shorter portion of the book deals with the general considerations of 
poisoning while the second, and in essence, the bulk of the book, 
reviews the individual substances generally as separate short 
chapters. The book can be recommended for pharmacists and 
physicians but only as an added source of information. As with 
most texts on clinical toxicology, information on toxicity of newer 


Review of Biochemistry. By NATHAN H. SLOANE and J. LYNDAL 
YORK. Macmillan Co., 866 Third Ave., New York, NY 10022, 
1969. ix + 278 pp. 18 X 26 cm. Price: $9.95, hardbound; $6.95, 
paperbound. 
This outline review of biochemistry prepared by Nathan H. 


Sloane, Professor of Biochemistry, University of Tennessee Medical 
Units, and J. Lyndal York, Associate Professor of Biochemistry, 
University of Arkansas School of Medicine, is aimed at presenting 
modern biochemistry in a concise, practical form covering funda- 
mentals applicable to the health professions. 


The authors emphasize in the Preface that this book .‘. . . is not a 
text; rather, it can be used to greatest advantage in conjunction with 
lecture material and assigned reading in textbooks and periodicals.” 


The outline form which is used throughout the book allows the 
reader to scan a great deal of information with minimum effort. 


The book surveys biochemical methods and physiochemical 
principles as well as including chapters on the cell, amino acids and 
peptides, proteins, and enzymes. Three chapters deal with carbo- 
hydrate metabolism and chemistry. The metabolism of lipids, 
amino acids, and nucleic acids is covered. In the concluding chap- 
ters, aspects of genetics, hemoglobin, renal function, and vitamins 
are among the topics discussed. 


Staff Review 


Neurophysiological and Behavioral Aspects of Psychotropic Drugs. 
Edited by A. G. KARCZMAR and W. P. KOELLA. Charles C 
Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xviii + 199 pp. 17.5 X 25.5 cm. Price $12.50. 
This book is based on reports developed by several study groups 


of the American College of Neuropsychopharmacology in 1966. 
These reports were expanded and updated through 1968 before 
publication. 


The work presented in this volume represents the efforts of two 
particular groups. The first one studied the biological effects of 
pharmaceutical agents-neurophysiological aspects, with five chap- 
ters being devoted to various aspects of that topic including several 
papers on LSD responses and behavioral changes. 


The other major portion of the book contains the reports of the 
second group which focused on the effects of drugs on chemistry, 
learning, and memory. 


The editors of this book have attempted to compile information 
from various disciplines and sources related to this topic into one 
volume which is relatively specific and current. 
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RESEARCH ARTZCLES 


Apparent Directional Permeability Coefficients for Drug Ions: 
In Vitro Intestinal Perfusion Studies 


ROBERT H. TURNER*?+, CHANDRAKANT S. MEHTA*t, and LESLIE Z. BENET’ 


Abstract 0 The in uitro absorption kinetics for nine drugs were 
followed using a perfusion apparatus. Identical perfusion runs 
were made on everted and noneverted segments of the same rat 
intestine so that the ratio of directional permeability constants 
(reported as everted rate to noneverted rate) could be calculated. 
Both negatively and positively charged drug ions (including the 
quaternary ammonium compound pralidoxime chloride) exhibited 
permeability coefficient ratios around 1.3, while completely union- 
ized drugs showed the expected ratio of 1.0. In light of the similarity 
in the ratio of permeability constants for drug ions and sodium 
ions, salicylate was tested in a sodium-free buffer resulting in a 
ratio of 1.08. It appears that the difference in directional permea- 
bility constants observed with ionized drugs in the intestine may 
be explained in relation to sodium transport. It is pointed out that 
in dtro intestinal transport studies could lead to erroneous conclu- 
sions concerning the degree of absorption of ionizable drugs in 
ciuo. 


Keyphrases 0 Absorption kinetics-in uitro intestinal perfusion 0 
Perfused intestine-drug transport 0 Everted, noneverted in- 
testindirectional permeability constants 0 Permeability con- 
stants, directional-ratios 0 Ionization effect4rug permeability 
coefficient ratios 


Considerable work is being and has been carried 
out on the transport of various drugs across intestinal 
membranes. This work has been adequately reviewed 
by Wilson (1) and more recently by Benson and Ram- 
pone (2). The forces causing movement across the 
intestinal membrane can be divided into five classes: 
cellular metabolic energy, activity gradients, electrical 
gradients, hydrogen-ion gradients, and solvent drag. 
One of the first areas studied extensively was that of 
hydrogen-ion gradients from which a theory evolved to  
explain the absorption of ionized and unionized drugs. 
This theory, called the “pH partition hypothesis,” 
was developed by Brodie et al. (3-7). These authors 
concluded from their investigations that most drugs are 
absorbed from the gastrointestinal tract by a process of 
passive diffusion of the unionized drug species across a 
lipoidal membrane. Thus, in line with this hypothesis, 
Hogben et al. (4) suggested that the unequal distribu- 
tion of weak organic acids or bases across the gut wall 
is due to: (a)  much greater permeability of the gut wall 
to  the unionized form of the compound than to  its 
ionized form, and (b) a difference in pH on the two 
sides of the intestinal wall. They further postulated 
that the distribution of weak acid or base is dependent 
on the “virtual” pH of the mucosal solution (the pH of 
a narrow microclimate adjacent to  the mucosal intes- 
tinal surface) rather than the pH of the bulk mucosal 


solution. They pointed out that such a microclimate of 
fluid with a low pH calculated to  be 5.3 would lead to a 
relatively high concentration of unionized acid next to 
the mucosa (as compared to  the concentration of 
unionized acid in the bulk mucosal solution at a higher 
pH, normally 6.6) and consequently lead to increased 
mucosal to  serosal movement of the acid by means of 
nonionic diffusion. By this mechanism, values greater 
than one for the steady-state concentration ratio, 
Cplasma/Cgut, of a weak acid could be explained without 
postulating a specific active-transport mechanism. 


This hypothesis seems to  be consistent with the in 
uiuo data of Schanker et al. (5) who found that the 
lowest pKa of an acidic drug showing rapid absorption 
was about 3, while the corresponding highest pKa for a 
basic drug was 8. However, there seems to  be a great 
discrepancy between the results obtained in uitro and 
those obtained in uiuo. It would appear that ionized 
drug species are much more easily absorbed when 
membrane permeability is measured using one of the 
three commonly employed in aitro techniques: the 
everted sac method of Wilson and Wiseman (8), the 
Crane and Wilson method (9), and use of a perfusion 
appartus (10, 11). In 1966, Benson and Rampone (2) 
stated: “This is the era of the everted sac, developed 
by Wilson and Wiseman, and much of the investiga- 
tion reported in this review was based upon this in 
uitro technique.” Most intestinal absorption studies in 
the pharmaceutical sciences (see Reference 12 for 
review) are still run using the in vitro techniques already 
mentioned. Therefore, this paper is directed toward 
identifying the discrepancy between in uiuo and in uitro 
results and to  point out the possible unapplicability of 
in uitro intestinal studies, especially when the transport 
of ionized drugs is observed. 


There are a number of studies in the literature which 
show large differences between in uifro results and those 
expected on the basis of the in uivo hypotheses. For 
example, Hogben et al. (4) calculated the ratio of 
permeability coefficients for unionized and ionized 
( P J P J  salicylic acid to  be 4500; but Nogami and Mat- 
suzawa (13), using absorption kinetics with in uitro 
perfused segments, found this ratio to be 6. Likewise for 
the drug aminopyrine, Hogben et al. (4) calculated a 
permeability coefficient ratio approaching infinity, but 
Nogami and Matsuzawa (14) found Pulpi equal to 1 1  
in their in uitro studies. Nogami et al. (15) also found 
that the in uitro permeability coefficients for sulfathia- 
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zole in ionized forms exceeded the permeability coef- 
ficient for the unionized drug. 


More recently, Kakemi et al. (16) studied the absorp- 
tion of barbituric acid derivatives through the in vitro 
rat small intestine. Here they found that the pH 
partition hypothesis was only partially operative, in 
that absorption rate constants increased in the pH 
range 6.5 to 7.5 over those rate constants determined at 
pH 5.5 where barbituric acid derivatives are almost 
completely unionized. These authors also found that 
plots of percent barbiturate bound to intestinal mucosa 
against initial pH of the perfusate, all had maxima in 
the pH 6.5 to 7.5 region. They speculated that the 
complexation of barbituric acid derivatives to proteins 
of the mucosal surface raised the concentration of drug 
at the membrane surface, which in turn favored absorp- 
tion in the serosal direction. This proposal is similar to 
that suggested by Singh et al. (17) and Levy and Matsu- 
zawa (18) where drugs complexed to inert ingredients 
still show measurable absorption rates. 


It became apparent to the present investigators that in 
these in vitro studies, the assumption was made that 
drugs were transported through the intestine by an iden- 
tical process in each direction. Permeability constants 
for mucosal (gut) to serosal (plasma) transport were 
assumed to be the same as for serosal to mucosal 
transport. However, there were some interesting as- 
pects of the reported data which might lead to the as- 
sumption that there was a difference in directional 
permeability constants. For instance, Nogami and 
Matsuzawa (13) found that the permeability coefficients 
for ionized salicylate and unionized salicylic acid in- 
creased with the lapse of time. They attributed this 
increase to the fact that salicylic acid is a toxic sub- 
stance for living cells and might cause a physiological 
change in the intestinal tissue. However, this increase 
in calculated permeability coefficients could also be 
explained by the fact that the permeability coefficients 
for mucosal to serosal transport are greater than those 
for serosal to mucosal transport. The Nogami and 
Matsuzawa in vitro data for aminopyrine (14) would 
also be consistent with a difference in directional per- 
meability coefficients; and the hypothesis of Kakemi 
et al. (16) implies that in a certain pH range, mucosal 
to serosal transport of barbituric acid derivatives 
is favored. Therefore, in this study, the authors have 
undertaken to determine experimentally whether there 
is a basis for assuming a difference in directional 
permeability coefficients and, if such a difference exists, 
to identify its mode of action. 


A 


B 


C 


I 


EXPERIMENTAL 


Materials-The following reagent, USP, or NF grade drugs and 
chemicals were tested : salicylic acid, salicylamide, aminopyrine, 
aniline, antipyrine, acetanilide, quinine sulfate, pralidoxime chloride 
(2-PAM chloride), and 5-nitrosalicylic acid. Monobasic sodium 
phosphate with one water of hydration, dibasic sodium phosphate 
anhydrous, monobasic potassium phosphate anhydrous, and dibasic 
potassium phosphate anhydrous were used in preparing the isotonic 
buffers . 


Buffer Solutions-Three considerations entered into the selection 
of the buffer solutions to be used in these experiments. First, the 
authors wished to prepare an isotonic buffer solution having the 
greatest possible buffer capacity, since it is known that the jejunal 


Table I-Isotonic Buffer Formulas per Liter 


NaH2P04. Naz- KH2POn, KzHPO 
g. HzO, g. HP04, g. g. 


Sodium 


Sodium 


Potassium 


Potassium 


phosphate 
buffer, pH 6.6 11.44 8.73 


phosphate 
buffer, pH 7.4 3.06 14.70 


phosphate 
buffer, pH 6.6 11.03 10.46 


phosphate 
buffer, pH 7.4 3.07 18.36 


epithelium of the rat maintains a slightly acidic pH within its 
lumen by hydrogen-ion secretion (4) and since there is the possibility 
of an acidic zone adjacent to the mucosal surface as was proposed 
by Hogben et al. (4). A buffer with a very high buffering capacity 
should eliminate the possibility of this acidic layer influencing 
drug absorption since Hogben et al. (4) have shown in uiuo that 
strong buffers decrease the effect of the virtual pH. Second, the 
authors wanted to use only buffers having pH values which cor- 
responded to  the physiological values found either within the 
intestine or in its intact blood supply. Therefore, the buffers utilized 
were only those at pH 6.6 and pH 7.4. In light of the unusual results 
described in the Kakemi et al. (16) study of barbituric acid 
derivatives, it was felt that working at p H s  other than 6.6 and 7.4 
could possibly introduce effects not normally seen in the intestine. 
Third, since the authors wish to identify a possible cause for the 
difference in directional permeability coefficients, they wanted to 
use buffer solutions containing a minimum number of compounds. 
Therefore, they chose to make the isotonic buffers using dibasic 
and monobasic sodium phosphate exclusively. 


E- 


0- 


Figure 1-Diagrammatic representation of the in vitro perfusion ap- 
paratus. Key: A ,  inside compartment, 15 ml.; B, outside compart- 
ment,approximately 140 ml.; C,intestinal segment, 10-cm.lengthauai1- 
able for absorption; D ,  capillary bubble pump; E ,  difference between 
heights of inside and outside compartments, 2 cm.; and F, 100% 
oxygen. 
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Figure 2-Sumple data plot for the absorption of salicylate through 
the rat intestine. Outside solution, 1000 mcg./ml. drug in isotonic pH 
7.4 sodium phosphate buffer. Inside solution, isotonic p H  7.4 sodium 
phosphate buffer. Initial absorption rate through: everted segment 
(@) = 1.76 mcg./ml./min.; noneverted segment (H) = 1.39 mcg.1 
ml./min. Permeability coeficient ratio PE/PNE = 1.27. 


Using the proper sodium chloride equivalents, a reasonable 
activity coefficient value for hydrogen ions in an isotonic solution, 
and the Henderson-Hasselbalch equation, it is possible to calculate 
(19) the required amount of sodium phosphates in each buffer, as 
presented in Table I. Using the Van Slyke equation, the pH 6.6 
sodium buffer was found to have a buffer capacity of 0.078 and the 
pH 7.4 buffer had a capacity of 0.048. The buffer capacities of 
these solutions are approximately twice those for the isotonic 
buffer solutions at similar p H s  listed by Martin (19). During the 


Table II-Analytical Procedures 


pH of 
Perfusion 


Drug Study Diluent 


Acetanilide 6.6 pH6.6  
buffer 


Aminopyrine 7.4 pH 7.4 
buffer 


Aniline 7.4 pH7.4  
buffer 


Antipyrine 6.6 pH6.6  
buffer 


5-Nitrosalicylic 7.4 0.1 N HCI 


Apparatus 
Dilution, and 


m1.a Wavelengthsb 


1.0 UV at 237 


1.0 UVat  260 


3 .0  SPF: Ex 285, 
Em 354 


1.0 UVat  255 


2.0 UVat  308 
acid 


sulfate Em 454 
2-PAM 7.4 0.1 NNaOH 1.0 UVat335 


chloride 


Quinine 6.6 0.1 NHzS04 3.0 SPF: EX 352, 


~ ~~- 
Salicylic 7.4 O.1NNaOH 5.0 SPF: Ex300, 


acid Em 408 
Salicylamide 6.6 0.1 N NaOH 4.0 SPF: Ex 332 


Em 421 


= Added to the 0.1-ml. samples. 6 UV, ultraviolet measurement at  
wavelength in mp; SPP, spectrophotofluorometric measurement; Ex, 
excitation wavetength in mp; Em, emission wavelength in mp. 
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course of a @60-min. perfusion run, the buffering soiutions were 
found to vary by no more than 0.03 pH units, a value well within 
the accuracy expected in making pH measurements (20). In addi- 
tion, some perfusion studies were run in a sodium-free buffer, where 
monobasic potassium phosphate and dibasic potassium phosphate 
were utilized in preparing the buffers. The formulas for these isotonic 
buffers, pH 7.4 and 6.6, are presented in Table I. 


Perfusion Studies-Male Sprague-Dawley rats weighing about 
250 g. were starved 24 hr. prior to the experiment but allowed free ac- 
cess to water. The ratswere sacrificed with a sharp blow; the intestines 
(jejunum and ileum) were immediately removed and flushed with 
40 ml. of the buffer solution to be used in the absorption run. The 
upper portion of the intestine was cut into two segments of 12 cm. 
each, and one of the two segments was everted. (In a series of experi- 
ments, the first segment of the intestine was everted alternatively.) 
The in uitro absorption kinetics for various drugs were followed 
using a perfusion apparatus (see Fig. 1) modified slightly from that 
described by Dietschy et ul. (21). Each of the two intestinal seg- 
ments (one everted and one noneverted) was tied securely onto a 
perfusion apparatus, being certain to maintain the same relative 
tautness in the stretched segments. The perfusion apparatuses were 
so designed that only a 10-crn. segment of the intestine was 
available for absorption. The inside compartment of each appa- 
ratus was then filled with 15 ml. of the appropriate isotonic phos- 
phate buffer solution. The inside compartments were placed in 
large test tube shaped vessels that were suspended in a controlled- 
temperature water bath, which was maintained at 37.0 z!= 0.5". 
The outside compartment was filled initially with 130 ml. of a solu- 
tion containing 1000 mcg./ml. of the drug dissolved in the same iso- 
tonic buffer as was used in the inside compartment. Additional 
drug solution was then added to the outside compartment until 
a 2-cm. difference in height resulted between the solution in the 
inside compartment and that in the outside compartment (see Fig. 
1). Oxygen was bubbled through the drug solution by means of a 
capillary tube, and through the solution in the inside compartment 
by means of a built-in capillary bubble pump which circulated the 
buffer through the intestinal segment. The rates of bubbling in the 
two separate apparatuses were adjusted to approximately the same 
rate, one bubblelsecond. At regular intervals, 0.1-ml. samples were 
removed from the inside solution of each apparatus. For each drug, 
the time intervals were adjusted so that the sixth and final sample 
was removed from the inside compartment before the concentration 
in that compartment reached 100mcg./ml. (Le., less than 10% of the 
outside concentration). 


Assay Procedures-The 0.1-ml. samples taken from the inside 
compartments were diluted and assayed by either a UV measurement 
on the Cary 15 spectrophotometer or by a spectrofluorometric pro- 
cedure on the Aminco-Bowman spectrofluorometer. Table I1 lists the 
various drugs studied,the pH of the buffer in which they were run, the 
diluent used in the analytical procedure, the amount of diluent 
added to the 0.1-ml. sample, and the apparatus and wavelengths 
a t  which the drug was measured. Standard plots for each drug were 
made using five known concentrations of the drug in the appropriate 
diluent. 


RESULTS 


After assaying each of the drug samples, plots were made of con- 
centration of the inside solution versus time for both absorption 
through the everted and through the noneverted intestinal segments. 
Figure 2 contains a sample plot of data for the absorption of salicy- 
late ions through two adjacent segments of rat intestine. 


Riggs (22) has shown that the transfer of substances by simple 
diffusion across thin membranes may be described by a useful 
simplification of Fick's law as presented in Eq. 1 : 


d_e, = D,A,R,/,(C, - CJ/Ax, (Eq. 1) dt 


When this equation is specifically applied to this experiment: 


Q$ = the amount of drug in the inside compartment at any 
time, t 


D ,  = the effective diffusivity of the drug in the intestinal 
membrane 


A ,  
Rmis = partition coefficient between membrane and solvent 


= the area of the membrane available for free diffusion 







Table II-Absorption Rates and Permeability Coefficient Ratios for Nine Drugs Using Buffers Containing Sodium Ions 
~ 


pH of Number Permeability 
Per- of Average Rates i SD Coefficient Level of 


fusion Paired -in mcg./ml./min.- Ratio f SD Significance 
Drug, pKa Study Runs Everted Noneverted PEIPNE Ratio us. 1 .OO 


Acetanilide (0.6) 6 .6  5 6.60 & 0.82 6.59 f 0.93 1.00 f 0.04 N.S.* 
Aminopyrine (5.0) 7 . 4  8 4.23 f 0.90 3.21 f 0.61 1 . 3 1  f 0.12 p <0.001 
Aniline (4.6) 7 . 4  8 1 1 . 6 7 f 1 . 9 5  1 0 . 6 7 f 2 . 1 0  1 . 1 2 f 0 . 2 2  N.S. 
Antipyrine (1.4) 6 . 6  9 3.10 f 0.39 3.19 f 0.52 0.98 f 0.11 N.S. 
5-Nitrosalicylic acid (2.3) 1 . 4  3 1.94 f 0.62 1.50 f 0.41 1.29 f 0.10 p <0.05 
Quinine sulfate (4.1, 8.4) 6 .6  5 1.34 f 0.31 1 . 1 1  f 0.17 1.21 f 0.13 p <0.02 
2-PAM chloride (quaternary 


Salicylic acid (3 . 0) 7 . 4  I 1.78 f 0.22 1 . 3 3  f 0.21 1 . 3 5  f 0.17 p <0.002 
Salicylamide (8.4) 6 .6  6 5.82 i 0.61 5.19 f 0.66 1 . 1 3  f 0.09 p <0.02 
Salicylic acid 7 . 4  10 1 .35  i 0.31 1.27 f 0.31 1.08 f 0.16 N.S. 


ammonium compound) 7.4  8 1.36 f 0.12 1 . 1 5  f 0.15 1.27 f 0.11 p <0.0001 


Potassium 
phosphate 
buffer 


a Not significant. 


Ax,  = the thickness of the membrane 
C. = concentration of drug in the outside compartment at 


Ci = concentration of drug in the inside compartment at any 


For the experiments run in this work, the last sample of the 
inside compartment of the perfusion apparatus was always taken 
at a time when the concentration of that compartment could be 
considered negligible compared to the concentration of the outside 
compartment. For example, in Fig. 2 the highest concentration 
reached in the inside compartment was 57.6 mcg./ml. as compared to 
an outside concentration of 1000 mcg./ml. Therefore, it may safely be 
assumed that the backward flow of drug from the inside compart- 
ment to the outside compartment is negligible during the time of 
the experiment and, therefore, C, can be eliminated from the 
equation. In addition, since the outside solutions were of such a 
high concentration and of such a large volume (approximately 140 
ml.), it is safe to assume that C, is a constant throughout the absorp- 
tion run. Therefore, for these experiments, Eq. 1 may be written 
as Eq. 2 when absorption is studied through the everted gut and as 
Eq. 3 when absorption is studied through the noneverted gut: 


any time, t 


time, c 


where PE is defined as the permeability coefficient for absorption 
through the everted gut-this permeability coefficient contains 
the diffusion constant, D,  the area of the membrane, A ,  the parti- 
tion coefficient, Rmis, and the thickness of the membrane Ax. The 
left-hand sides of Eqs. 2 and 3 have been converted into concentra- 
tion units to correspond with the method of assay where C ~ E  refers 
to the concentration of the inside compartment when absorption 
is studied through the everted gut, and N E  refers to measurements 
taken when the gut is not everted. Thus, it may be seen from Eq. 2 
that as per the design of the experiment, the absorption rates 
through the everted and noneverted gut should appear to follow 
zero-order kinetics as is shown by the straight-line relationships in 
Fig. 2. Since the concentrations of drug in the outside solutions 
were always the same (1000 mcg./ml.), and since the volumes of the 
inside compartments (Vi) were always the same, dividing Eq. 2 by 
Eq. 3 shows that the ratio of the absorption rates will equal the 
ratio of apparent permeability coefficients. Table 111 contains the 
absorption rates and permeability coefficient ratios for the nine 
drugs followed in this study. The table contains the pKa of each 
drug, the pH of the buffer solutions used in the tests, the number of 
paired trials (each trial refers to one everted and one noneverted 
absorption run through intestinal segments of the same rat), the 
average everted and noneverted absorption rates plus or minus the 
standard deviations for these average rates, and the average of the 
ratios of permeability coefficients for individual paired runs, plus 
or minus the standard deviation. As will be noted from the data in 


Table 111, the standard deviations for the average rates of absorption 
are relatively much higher than the standard deviations for the 
averages of the permeability coefficient ratios. This would be ex- 
pected since the absorption rates are a function of the biological 
variability of the absorption of a drug through the intestine of 
a number of different rats. However, each of the ratios of perme- 
ability coefficients was determined from absorption studies through 
intestinal segments from the same rat. Therefore, the biological 
variability of differences in absorption rates due to the individual 
physiological characteristics of the intestine should be cancelled 
out to a large extent in the permeability coefficient ratios. Table 111 
also compares the level of significance between the average ratio of 
permeability coefficients for each drug and the value 1,00(the value 
expected if drug passage through the intestinal membrane was 
identical in each direction). Student’s i test was used and 0.05 was 
taken as the minimum level of significance. 


Table IV presents the data for the individual paired runs for 
salicylic acid in pH 7.4 sodium phosphate buffer. The regression 
coefficient for each set of data points is also presented in parentheses 
after the rate determined from the slope of the line drawn through 
these points. Figure 2 is the plot for the data listed as Run 6 in 
Table IV. 


At the end of the perfusion runs, the difference in heights between 
the solution in the inside compartment and that in the outside tube 
was measured and found to have decreased by 0.5 cm. Measure- 
ments show that this decrease corresponds to a loss of approxi- 
mately 1.4 ml. from the inside compartment. Since six 0.1-ml. 
samples were taken out of the inside compartment during the 
course of the experiment, there was an overall diffusional loss of 
0.8 ml. from the inside compartment to the outside during the 
course of an absorption run. Since solvent movement was always 
against the drug flux, it may safely be assumed that solvent drag 
was not a significant factor in the permeability coefficient ratio. 


DISCUSSION 


The resulting permeability ratios presented in Table 111 may be 
classified into three areas: those very close to a ratio of 1.0, those 
close to a ratio of 1.3, and an indeterminate group with a ratio 
midway between 1 and 1.3. The two compounds with ratios very 
close to 1.0, acetanilide and antipyrine, can be considered to be 
completely unionized at the pH of the perfusion study. However, 
a compound such as 2-PAM chloride, which must be completely 
ionized because it is a quaternary ammonium compound, exhibits 
a permeability ratio that significantly differs from 1.0. The 
two other compounds in the study, which may be assumed to be 
completely ionized at  the pH of the perfusion run, salicylic acid 
and 5-nitrosalicylic acid, also show permeability coefficient ratios 
very close to 1.3. Quinine sulfate, which is also ionized to a large 
extent (at least 97%, the majority of which will be the singly posi- 
tively charged species) exhibits a ratio closer to those of the other 
ionized drugs than to the ratios around 1.0 for the unionized drugs. 
Aniline and salicylamide, two compounds which would be expected 
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Table IV-Individual Paired Data for Salicylic Acid in pH 
7.4 Sodium Phosphate Buffer 


Non- 
Everted everted 
Rate, Rate, 


mcg.,/ml./ (Regression mcg.,/ml./ (Regression 
Run min. Coefficient) mm. Coefficient) Ratio 


1 1.790 (0.9935) 1.311 (0.9924) 1.365 
2 1.467 (0.9990) 1.143 (0.9945) 1.283 
3 2.054 (0.9992) 1.594 (0.9971) 1.289 
4 1.835 (0.9908) 1.055 (0.9873) 1.739 
5 2.010 (0.9996) 1.598 (0.9931) 1.258 
6 1.762 (0.9932) 1.391 (0.9977) 1.267 
7 1.542 (0.9956) 1 ,222 (0.9987) 1 ,262 


Av. 1.780 1.331 1.352 
__ __ - 


to be at least 97 unionized, give permeability ratios intermediate 
between those values expected for unionized drugs and those ratios 
expected for ionized drugs. The aminopyrine (pKa 5.0) run at pH 7.4 
appeared to be an exception, since although the drug would be 
only slightly ionized at this pH, a ratio of 1.31 was found. Excluding 
the data for aminopyrine and realizing that, as yet, not enough drugs 
have been run to substantiate a general theory, the data would sug- 
gest the following: drugs that are known to be incapable of ioniza- 
tion show the typical uniform path of distribution of drug mole- 
cules through the intestine. That is, the mucosal to serosal transfer 
was equal to the serosal to mucosal transfer, giving a permeability 
coefficient ratio of 1. If, however, the drug was capable of ionizing 
to some degree (salicylamide and aniline), the permeability coefficient 
ratios increased slightly. However, if the drug was completely 
ionized, whether positively or negatively charged, the permeability 
coefficient ratio was found to be very close to 1.3. From the data in 
Table 111, it may be concluded that the passage of ionized drugs 
through the in vitro intestine is not a completely passive process. 


In looking for an explanation for the 1.3 value for the permeability 
ratio of ionized drugs, the authors were struck by the similarity of 
this ratio to the permeability ratio observed by Curran and Solomon 
for sodium flux in the rat intestine (23). Recently, there have been a 
number of studies describing sodium ion dependent transport in 
the intestine as reviewed by Crane (24) and Curran (25).Therefore,an 
attempt was made to run a similar absorption rate study for salicylic 
acid in potassium phosphate buffer where sodium ions were com- 
pletely excluded. This study (as presented at the bottom of Table 
111) gave a ratio of 1.08, a value very close to the ratios determined 
for unionized drugs. Although this result must be considered pre- 
liminary, there seems to be good evidence that sodium ion trans- 
port may be involved in the difference in apparent directional 
permeability coefficients which have been found in the in uitro rat 
intestine. Further work in this area is now being carried out. 


Another interesting result which is obvious from Table 111 is 
that the absorption rates for ionized drugs through the intestine 
are very similar for all of the compounds studied, whether they 
are positively or negatively charged drug ions. The rate of 2-PAM 
chloride is especially significant since this compound obviously 
exists as an ionized species while it is being transported through the 
in vitro intestine. Previously, on the basis of the virtual pH theory of 
Hogben et al. (4), it might have been assumed that ionized drugs ap- 
parently pass through the intestine because a sufficient number of the 
ionized species become unionized at the virtual pH of the acidic 
microlayer adjacent to the mucosal surface. However, the similarity 
in rates between 2-PAM chloride, salicylate ions, and quinine 
ions seems to indicate that ionized drugs do pass through the in 
vitro intestine. 


Another interesting similarity may be seen between the absorp- 
tion rate of salicylate ion and 5-nitrosalicylate ion. Schanker et al. 
(5) found that there was a wide difference between the absorption 
of these two acids from the rat intestine in vivo. Over a given time 
interval, 60% of the salicylic acid was absorbed, while only 9 %  
of the 5-nitrosalicylic acid was absorbed. The difference in the 
absorption of these two compounds was used in the explanation 
of the virtual pH hypothesis. Hogben et al. (4) state: “An absorb- 
ing surface with a pH of 5.3 would explain why the lowest pKa of 
an acidic drug compatible with rapid absorption is about 3, while 


the highest pKa for bases is about 7.8. In each case, the ratio of 
unionized to ionized drug is 1 :200. This appears to be the minimal 
proportion of unionized drug necessary to insure rapid absorption 
under the conditions of our experiments.” 


Although the validity of these data cannot be questioned with 
respect to in vivo absorption, it would appear that this 1:200 
ratio is not significant when considering passage through the in 
vitro rat intestine. Furthermore, it leads the authors to believe 
that the virtual pH hypothesis should not be applied to passage 
through the in vitro intestine. 


It is obvious from the data in Table 111 that drugs which are 
assumed to be absorbed as unionized species show absorption 
rates which are significantly higher than those for ionized drugs. 
This is especially pertinent when considering the permeability 
ratios for aniline and salicylamide. It is believed that it is safe to 
assume that these drugs are being absorbed as unionized species 
and, therefore, the indeterminate ratios (1.12 and 1.13) are assigned 
as being related to the experimental error inherent in the methods 
utilized when the absorption rates become large. It is interesting 
to  note that aniline, the compound absorbed at the highest rate 
in this study, was only found to have an absorption rate about 9 
times higher than that for ionized drugs. This difference in rate 
between unionized and ionized drugs in the in vitro intestine is very 
similar to that reported by Nogami and Matsuzawa (10, 13), 
but it is quite different from the relative rates of absorption pre- 
dicted by Hogben et al. in the in vivo intestine. 


Because of the unusual nature of the permeability coefficient ratio 
for aminopyrine, a drug which would be expected to be unionized 
and therefore to have a ratio close to 1, preliminary paired runs of 
aminopyrine in a potassium phosphate buffer have been run. These 
runs give an average ratio of 1.10. Although work is continuing on 
this compound, it would appear that aminopyrine is being trans- 
ported by a process which is different than the other compounds in 
this study. The authors believe that this result might be signifi- 
cant with respect to in vivo transport as well as to in vitro trans- 
port, since aminopyrine was one of the two drugs studied by Hog- 
ben et al. (4) which yielded results consistent with a calculated 
virtual pH of 5.3 at the intestinal wall. 


Since the permeability coefficient ratios for the completely 
unionized drugs, acetanilide and antipyrine, are so close to 1.0, it 
would appear that the difference in surface area between the mucosal 
and serosal membranes is not important. This leads the authors to 
believe that the rate-limiting step in intestinal transport is passage 
through the membrane rather than passage into or out of the mem- 
brane. Under these conditions the surface area of the membrane 
exposed to the drug solution does not affect the rate of passage. 
This, in fact, is an implicit assumption in Rigg’s simplification of 
Fick‘s law as was presented in Eq. 1. 


CONCLUSIONS AND SUMMARY 


The initial absorption rates for nine drugs were determined in 
vitro through both the everted and noneverted rat intestine using a 
perfusion apparatus. Two of these drugs, acetanilide and anti- 
pyrine, may be considered to be completely in the unionized form 
at the pH of the buffers used in this work, 6.6 and 7.4. Two other 
compounds, an acid, salicylamide, and a base, aniline, should be 
at least 9 7 z  unionized in the buffers in which they were studied. 
The other five drugs studied, including a quaternary ammonium 
compound-pralidoxime chloride-may be considered to be com- 
pletely ionized in these studies. On the basis of the nine drugs ob- 
served in this work, the authors feel that the following conclusions 
can be made (with full realization that more extensive studies in 
different buffer solutions must be undertaken to confirm these 
results) : 


1. Drug ions do pass through the in uitro rat intestine. 
2. These ions pass through the in vitro rat intestine at a rate which 


is much faster than that predicted on the basis of in uivo results. 
3. Drug ions show a difference in directional permeability 


coefficients in the in vitro rat intestine, with mucosal to serosal 
transfer occurring about 1.3 times faster than serosal to mucosal 
transfer. This difference is not observed for the completely un- 
ionized drugs. 


4. It appears that this difference in directional permeability 
coefficients might be related to a sodium ion coupled transport. 
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since when sodium was completely replaced by potassium in the 
bathing buffer solutions, only a 1.08 value was obtained for the ratio 
of permeability coefficients for salicylate ion. 


5. It would appear that the virtual pH hypothesis of Hogben 
et al. (4) is inoperative when considering in vitro intestinal transport. 


6. If the presently accepted hypotheses concerning the in viuo 
intestinal absorption of ionizable drugs are valid, it would appear 
that in vitro intestinal transport studies could lead to erroneous con- 
clusions concerning the degree of absorption of ionizable drugs in 
viuo. 
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Parameters Affecting Absorption of Griseofulvin in a 
Human Subject Using Urinary Metabolite Excretion Data 


PETER KABASAKALIAN, MICAELA KATZ, BERNARD ROSENKRANTZ, and EDWARD TOWNLEY 


Abstract 0 Using the urinary excretion of 6-demethylgriseofulvin 
as the index of absorption, the effects of three previously studied 
parameters (high-fat breakfast, particle size, and dissolution rate) 
on the absorption of griseofulvin in a single subject are compared 
with published blood level data derived from many subjects. The 
results of the effects of three new parameters (time of dose 
administration, low-dose level, and gastrointestinal transit time) 
are also reported. 


Keyphrases Physiological availability-griseofulvin, man 
Griseofulvin absorption parameters-urinary excretion data, man 
0 6-Demethylgriseofulvin metabolite-griseofulvin absorption 
parameters, man 0 Trimethylsilyl ether derivative-6-demethyl- 
griseofulvin, griseofulvin metabolite 0 GLC-analysis 


The factors (1-12) affecting the absorption of orally 
administered griseofulvin in man have been studied by 
measuring (using a fluorometric chemical analytical 


procedure) the level of griseofulvin in blood at various 
times after drug administration. The calculation of the 
degree of absorption is based on the assumption that 
the physiological availability of the drug is proportional 
to the area (usually determined by the trapezoidal rule) 
under the blood level-time curve (3,5, 13-15). 


The factors affecting absorption were found to be a 
function of the diet (high-fat meal) (1, 2), the dosage 
formulation [particle size (3-7), dissolution rate (8, 9), 
solubility (7, lo), and presence of surfactants (4,7)], and 
the dosage regimen [dosage level (3, 11, 12) and repeti- 
tive dosage schedule (6,7,9,  1 l)]. 


The nonlinear (logarithmic) relationship (3, 11, 12) 
between the dose ingested and the area under the blood 
level-time curve has raised questions concerning the 
validity of the model on which this method of calculat- 
ing absorption is based. Atkinson et al. (1 1) suggested 
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Books 


REVIEWS 


Amphetamine Abuse. Edited by J. ROBERT Russo. Charles C 
Thomas, Springfield, IL  62703, 1968. xii + 159 pp. 16 X 23.5 
cm. Price 7.50. 
This 159-page book is made up of the edited papers of the first 


National Institute on Amphetamine Abuse which resulted from A 
Delinquency Study and Youth Development Project of Southern 
Illinois University. It was funded from a grant awarded by the Of- 
fice of Juvenile Delinquency and Youth Development, United 
States Department of Health. Education, and Welfare and held dur- 
ing February, 1966. One finds contained within this volume the vari- 
ous viewpoints of law enforcement? the drug industry, the sociolo- 
gist, the psychiatrist, and medical researcher, and finally the interest- 
ing experience of a young amphetamine abuser himself. 


Although no attempt was made to correlate the contradictions of 
opinions expressed. the book stands as a good example of the com- 
plex spectrum of this social problem. It covers the topics of use, mis- 
use and abuse : psychiatric implications ; violations; law enforce- 
ment problems; and the important role of education. 


The reviewer can onlk reiterate the cover leaf description of the 
book which states that an educator predictively recommends educa- 
tion as a preventative, a member of the Narcotics Bureau pleads for 
stronger laws and greater police freedom in enforcement and so on. 
Hence, this book represents a forum for viewpoints from the various 
establishments affected by the amphetamine abuse problem, but 
does not cogently and coherently express ways to solve the prob- 
lem. However, the book does clarify much confusion in this area, it 
provides some lines of communication and it will help provide some 
basis for future legal. medical. and moral decisions about ampheta- 
mine abuse. 


Recirwed by  Ara H. Der Marderosian 
Philudelpliia College of Pharmacy atid Science 
Pt~ilrrd~lphia. P A  19104 w 


as characteristics of patient, physician, treatment milieu, and non- 
treatment milieu. Examples of many nonspecific factors considered 
are attitudes of patient and physician (optimistic or pessimistic) 
toward drug treatment, personality characteristics of patients (or 
normals), duration as well as intensity of emotional disturbance 
being treated, and prior drug experiences. The relationship of such 
factors to side effects and paradoxical responses as well as to thera- 
peutic success of drug treatment is examined. 


Various nonspecific influences of psychological and sociocultural 
characteristics are discussed at length by several contributors in 
relation to the phenomena associated with placebo treatment 
including the controversial concept of “placebo reactors.” While 
one chapter emphasizes the significance or “power” of the placebo 
and our knowledge of its relative effectiveness according to the 
varied circumstances, another chapter emphasizes the lack of knowl- 
edge on the true incidence of the placebo reactions and on the 
longitudinal consistency of the supposed “placebo reactor” charac- 
teristic. Certainly all agree to the need for further clarification of 
placebo phenomena and for enlarged and enlightened use of 
placebos in clinical drug studies. 


Designed “to provide the reader with some of the latest findings 
and thoughts” in an interesting and significant area of psycho- 
pharmacology, the volume accomplishes this objective reasonably 
well. It will be most useful to those with some previous awareness 
of the subject and to those who will make use of the good selection 
of bibliographic citations included to pursue their interest among 
important earlier works. 


Reciewed b y  W. Marvin Davis 
School of Pliarmacy 
Departmetit of Pharmacology 
The Utiicersity of Mississippi 
Unicersity, M S  38677 w 


Non-Specific Factors in Drug Therapy. Edited by KARL RICKELS. 
Charles C. Thomas, 301-327 East Lawrence Ave., Springfield, 
11, 62703, 1968, xii + 149 pp. 16 X 23.5 cm. Price $7.75. 


This symposium volume is derived from a session of the 4th World 
Congress of Psychiatry held in 1966. Nonspecific (i.e., nondrug) 
factors are considered particularly as they relate both to pharma- 
cologic treatment of depressions, neuroses, and schizophrenia, and 
to the psychopharmacologic effects of various drugs in normal sub- 
jects. Major nonspecific variables affecting drug therapy are grouped 


Autoxidation of Hydrocarbons and Polyolefins: Kinetics and Mech- 
anisms. By LEO REICH and SALVATORE S .  STIVALA, Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 1969. xi + 527 
pp. 15.5 cm. X 23.5 cm. Price $29.75. 
This book deals primarily with the kinetics and mechanisms of 


hydrocarbon and polyolefin autoxidation. Following a brief account 
of some early historical developments, Chapter 1 gives a clear, con- 
cise treatment of the general kinetics of free radical reactions. 
Chapter 2 covers the autoxidation of hydrocarbons in the absence 
of inhibitors and accelerators while Chapters 3 and 4 deal with 
simple hydrocarbon autoxidation in the presence of antioxidants 
and metal catalysts, respectively. The topic of weak chemilumines- 
cence during hydrocarbon autoxidation is presented in Chapter 5, 
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Complexes of Ergot Alkaloids and Derivatives 111: 
Interaction of Dihydroergocristine with Xanthine 
Analogs in Aqueous Media 


H. V. MAULDING and M. A. ZOGLIO 


Abstract 0 The capacity of the poorly water-soluble ergot deriva- 
tive, dihydroergocristine methanesulfonate, to form intermolec- 
ular complexes with caffeine, theophylline, and 7-p-hydroxypropyl- 
theophylline was studied. Upon inclusion of xanthine, dihydroergo- 
cristine exhibited elevated solubility at pH 6.65, a larger dissolution 
rate constant in 0.1 N HCl, and a change in partitioning-rate con- 
stants for transfer of the alkaloid from aqueous to organic phases. 
These alterations of physicochemical properties appear to be a con- 
sequence of mutual interaction between the two components in 
solution. The effect of dihydroergocristine was enhanced on enteral 
administration with each of the three complexing agents as mea- 
sured on a-adrenergic blockade in cats. When tritiated dihydro- 
ergocristine was given orally to humans along with 7-p-hydroxy- 
propyl-theophylline, blood levels went higher and stayed higher than 
when the alkaloid was administered alone. The same situation was 
true of total urinary excretion of tritium. 


Keyphrases Ergot alkaloids- physicochemical analyses 0 
Dihydroergocristine, interacting- xanthine analogs Xanthine- 
dihydroergocristine complex formation- solubility effect 0 Bio- 
logical activity, dihydroergocristine-xanthines, effect 0 Parti- 
tioning rates-dihydroergocristine-xanthine complex 0 Colori- 
metric analysis-spectrophotometer 


Previous studies in this area (1, 2) have attempted to 
correlate in vitro data with physiological responses ob- 
served on addition of caffeine and other xanthines to 
several ergot alkaloids and their congeners (3-5). 


The present report is concerned with interactions 
occurring in solution between three complexing agents- 
caffeine, theophylline, and the soluble derivative 7-p- 
hydroxypropyl-theophylline-and dihydroergocristine 
methanesulfonate. Dihydroergocristine is one of the 
hydrogenated alkaloids of the ergotoxine group (6). 


This work points to a good accord between physico- 
chemical data derived from solubiIity, dissolution rate, 
and partitioning-rate studies and pharmacological re- 
sults from human and animal investigations. The 
evidence appears to  indicate complex formation leading 
to increased absorption rate, as well as the amount of 
absorption of many ergot derivatives in the presence 
of xanthines. 


EXPERIMENTAL 


Materials-Dihydroergocristine methanesulfonate' (mol. wt. 
707.8) showed only traces of contaminants when subjected to thin- 
layer chromatography. 


The various xanthines utilized were: 7-/3-hydroxypropyl-thee 
phylline,2 m.p. 135-138"; the~phylline,~ m.p. 272-274"; and 
caffeine anhydrous powder USP,4 m.p. 238". 


Melting points are uncorrected. Reagent grade chloroform 
(Mallinckrodt Chemical Works) was employed in the partitioning 
studies. A pH 6.65 buffer was made by dissolving 13.6 g. KH~POI in 
500 ml. water, adjusting the pH with concentrated KOH, and 
diluting to I 1. (ionicstrength, 0.2). 


The pH measurements were taken on a Metrohm pH meter and 
spectrophotometric data were obtained from a Cary model 14 
spectrop hotometer. 


Partitioning Studies-A solution was prepared by placing di- 
hydroergocristine methanesulfonate (150 mg.) in 950 ml. of pH 6.65 
phosphate buffer, stirring magnetically for 30 min. to 1 hr, followed 
by filtration (Whatman No. 1 filter paper) into a flask immersed in a 
water bath maintained at 30", and finally addition of pH 6.65 buffer 
to make 1 1. of solution. 


This solution was immediately analyzed for dihydroergocristine 
(7) and read at 585 mp (absorbance of 0.902 equivalent to 0.1 
mg./ml.). The usual concentrations of alkaloid obtained in this 
manner were in the range of 0.06 to 0.09 mg./ml.; 500 ml. (half) 
of this solution of known concentration was kept and 500 ml. had 
xanthine added to it. 


Fifteen milliliters of the freshly prepared aqueous phase-either 
with or without xanthine-was added carefully to 15 ml. chloroform 
in screw-capped vials (50 ml.). The vials were sealed and rotated at 
6 r.p.m. in a 30" (k0.1") water bath. Five-milliliter samples were 
taken at 3, 5 ,  7,9, 11, 13, and 15 min. from the aqueous phase and 
analyzed for dihydroergocristine by the Van Urk method (7). 


Solubility Studies-Dihydroergocristine (50 mg.) was placed 
in watertight, amber, screw-capped vials (50 ml.) containing exactly 
10 ml. of pH 6.65 phosphate buffer and varying quantities of the 
three xanthines being considered. The vials were clamped onto the 
edge of metal disks (15-cm. diameter) mounted on a motor- 
driven shaft and rotated vertically at 6 r.p.m. in a constant-tem- 
perature bath, 30 i 0.1". After 24 hr., samples were taken using 
pipets with filters attached and analyzed for dihydroergocristine by 
the Van Urk method (7). 


Sandoz, A.-G., Basel, Switzerland. 
Canes Chemical Works. Inc.. New York. N. Y. 
Matheson, Coleman and Bell. 


4 Chas. Pfizer Co. 


384 0 Journal of Pharmaceutical Sciences 







10.0 


9.0 


0 3 


X 8.0 


E 
M 7.0 
E 


6 6.0 
z 
0 
0 


- . 


5.0 
z 
I- 
$ 4.0 
0 
0 
0 
[r 3.0 
W 


n 


Dissolution Rates-A 25-r.p.m. stirrer motor fitted with a 2.54- 
cm. propeller blade placed 4 cm. from the bottom of an 800-ml. 
beaker containing 500 ml. 0.1 N HCl solution was employed for 
these determinations. Dihydroergocristine (50 mg.) or the alkaloid 
in combination with xanthine, prepared by mixing 50 mg. alkaloid 
with 5 g. xanthine in a mortar, was placed into the stirred solution 
from a height of about 1.5 cm. The temperature was maintained 
at 37 f 0.1 by immersing the beaker in a constant-temperature 
bath. Samples were withdrawn periodically for dihydroergocristine 
analysis in the usual manner (7). 


RESULTS AND DISCUSSION 


The solubility of dihydroergocristine methanesulfonate is ele- 
vated to some degree by all three xanthines examined at pH 6.65 as 
may be seen from Fig. 1. It is apparent (Fig. 1) that 7-P-hydroxy- 
propyl-theophylline ultimately allows a greater solubilization of the 
alkaloid than caffeine or theophylline; however, this was not shown 
inconcentrations greater than 50 mg./ml. xanthine because extremely 
large amounts are of little practical consequence. Caffeine leads to 
greater solubilization of the alkaloid than theophylline as it elevates 
the amount of dihydroergocristine in solution at this pH and temper- 
ature (30") by almost 12 times, while theophylline increases the 
amount about 3 times. This was previously shown to be the situation 
with dihydroergotoxine (2). Curves as seen in Fig. 1 do not readily 
allow analysis by elegant treatments as those of Connors et al. (8,9), 
thus leaving the exact nature of the complex in doubt. 


It is recognized that dissolution rates of some solids may be the 
rate-limiting step in their absorption (10, 11). When ergot deriva- 
tives were subjected to dissolution-rate studies with and without 
the presence of xanthines, the rate constantwas found to be increased 
nearly threefold in the first instance (1, 2, 5). The authors have pre- 
viously found HCl (500 ml., 0.1 N )  allows approximation of a 
first-order process with these substances. Figure 2 gives an example 
where a 100: 1 ratio of 7-@-hydroxypropyl-theophylline to dihydro- 
ergocristine was utilized in the dissolution rate at a stirrer speed of 
25 r.p.m. and 37". The rate constants vary by a factor of 2.5:l 
(0.053 to 0.138 min.-l), which is in agreement with those previously 
reported ( 1 ,  2). Caffeine and theophylline gave almost the same 
ratios and results as those reported in Fig. 2 relative to the alkaloid, 
although they are not reported here. Therefore, for the conditions 
employed, there is evidence of a significant change in dissolution- 
rate constant on addition of xanthine to dihydroergocristine. 


1.9 2.0 b 


1.0 1 1 


0 5 10 15 
TIME, rnin. 


Figure 2-Effect of 7-@-hydroxypropyl-theophy/line on the dissolu- 
tion rate of dihydroergocristine in 0.1 N HCI (500 ml.) at 37" and 
25 r,p.m. Key: 0, thedissolution of dihydroergocristine, 50 mg.; atid 
0, the dissolution of dihydroergocristine, 50 mg., and 7-P-hydroxy- 
propyl-theophylline, 5 g.  


It was previously observed that xanthines had the effect of in- 
creasing the partitioning rate of ergot derivatives from an aqueous 
to an organic phase under certain conditions, although the equi- 
librium distribution was not disturbed (1, 2). Figure 3 gives an 
example of the action of 7-@-hydroxypropyl-theophylline in altering 
the partitioning rate of dihydroergotoxine methanesulfonate of 
which dihydroergocristine methanesulfonate is one of the three 
components (2). This phenomenon was noted with dihydroergo- 
cristine methanesulfonate itself in the presence of 7-P-hydroxy- 
propyl-theophylline in a weight-weight ratio of 100: I (xanthine- 
alkaloid) and the results may be seen in Fig. 4. The results in Fig. 4 
show slopes of 2.5 X min.-' for the 
alkaloid alone and with xanthine, respectively. Similar results were 
obtained with caffeine and theophylline and are not reported here. 
In 0.1 N HCI the rate was reversed as was found to be the case with 
ergotamine tartrate (1). 


An investigation was made of the effect of increasing 7-(?- 
hydroxypropyl-theophylline concentration on the partitioning-rate 
constants of dihydroergocristine methanesulfonate as the amount of 
xanthine goes from 0 to 500 times the weight of the ergot derivative 
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Figure 3-Effect of 7-P-hydroxypropyl-theophylline on the partition- 
ing rate of dihydroergotoxine methanesulfonate from an aqueous 
(phosphate buffer, p H  6.65) fo an organic phase (chloroform). 
Key: 0, dihydroergotoxine, 0.1 mg./ml.; 0,  dihydroergotoxine, 
0.1 mg./ml., and 7-~-hydroxypropyl-theophylline, 10.0 my./ml.; - - -, experimental run No. I ;  and -, experimental rut1 No. 2. 
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Table I-First-Order Partitioning Rate Constants Showing 
Partitioning of Dihydroergocristine Methanesulfonate 
from pH 6.65 Phosphate Buffer into Chloroform 
at 30”” 


Dihydroergocristine 


7-/3-Hydroxypropyl- 


Rateconstant x 10-2 


methanesulfonate* 1 1 1 1 1 1 


theophyllinec 0 10 50 100 200 500 


min.-ld 2.5 3.0 4.4 5.1 5.8 6.6 
~ 


a All experiments carried out a s  mentioned in Experimental section 
with xanthine added after assay to determine alkaloid present. Concen- 
trations of dihydroergocristine varied from 0.06 mg./ml. as  mentioned. 
6.c Quantities given are measured on a weight to weight basis, i.e., 
1 :50 is 1 mg. dihydroergocristine and 50 mg. 7-8-hydroxqpropyl- 
theophylline. d Rate constants and slopes thereof obtained by linear re- 
gression analysis from four experiments utilizing each ratio and run 
consecutively. Values were measured between 3 and 15 min. 


in solution. The results are listed in Table I and show a general trend 
upward for the rate constants as the amount of xanthine is increased. 
A doseeeffect relationship of this same type was encountered on 
enteral administration of dihydroergocristine to cats with a general 
increase in effect up to a 50: 1 ratio (w/w) of xanthine to alkaloid 
followed by leveling up to a ratio of 200: 1 (5 ) .  


Biologics-The a-adrenergic blockade of dihydroergocristine 
methanesulfonate in cats was studied with and without xanthine 
present and this activity was enhanced on enteral administration 
of the alkaloid together with caffeine, theophylline, and 7-8- 
hydroxypropyl-theophylline. Significant increases in blocking action 
were noted at 7-P-hydroxypropyl-theophylline to dihydroergocris- 
tine ratios of 12.5:l (w/w), the maximum effect being at 
50:l with no further increases on addition of excess complexing 
agent. This phenomenon was characterized by: (a) faster onset, (b)  
higher maximum, and (c) longer duration of action when the 
alkaloid and xanthine were administered concurrently. These 
differences were not encountered on i.v. dosing and are a result of 
increased dihydroergocristine absorption from the gut (5 ) .  


Tritiated dihydroergocristine was administered orally to  five pa- 
tients along with 7-P-hydroxypropyl-theophylline (1 mg. alkaloid and 
100 mg. xanthine) and plasma levels were found to go higher and stay 
higher longer than when dihydroergocristine (1 mg.) was given 
alone. Total urinary tritium excretion was appreciably higher in the 
combination than in the case of the alkaloid itself; however, not 
much appears to be unchanged dihydroergocristine (5). 
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The book is replete with references. Also appended is a list of 
reference standards (six enzymes and three substrates) available 
from the Commission. 


agents and products must be sought elsewhere. The British book 
will not replace the present excellent reference source, “Clinical 
Toxicology of Commercial Products” published by The Williams & 
Wilkins Company, Baltimore, Md., but may help to supplement 


Reuiewed by A. J. Vazakas portions of it. 
Johnson & Johnson 
New Brunswick, NJ 08903 8 Reviewed by John Autian 


Materials Science Toxicology Laboratories 
College of Pharmacy & College of Dentistry 
Uniuersity of Tennessee Medical Units 
Memphis, TN 38103 


British Medical Bulletin: Control of Human Fertility. Vol. 26, No. 1. 
Edited by G. I. M. SWYER. Medical Department, The British 
Council, 97 & 99 Park St., London, England, 1970. i + 97 pp. 
22 X 28.5 cm. Price $6.50. 
This issue contains papers on various aspects of human fertility 


contributed by a rather impressive list of investigators. This compila- 
tion takes a multidisciplinary approach with several papers dis- 
cussing the relative health hazards of various kinds of contraceptive 
methods, 


The papers are, for the most part, written to put the particular 
topic into a historical context, present the developments and status 
of the research, and provide some comments on the future direc- 
tions to be taken. This particular issue should be of interest not only 
to scientists actively working within this field, but also to those who 
are interested in a technical state-of-the-art review. 


Staff Review 8 


Clinical Toxicology. Second Edition. Edited by C. J. POLSON and 
R. N. TA~TERSALL. J.  B. Lippincott Co., Philadelphia, PA 19105, 
1969. x + 655 pp. 14.5 X 22.2 cm. Price $18.50. 
The growing interest in toxicology in colleges of pharmacy as 


well as by pharmacists as a whole will require greater attention 
being given to texts and references on the subject than presently 
available. Publication of the second edition of the British text 
“Clinical Toxicology,” offers some help to the teacher and student. 
As a text for American students it suffers from the inclusion of 
repeated references to medical-legal rules and interpretations which 
are quite appropriate for British students but extraneous and 
perhaps confusing to our students. The authors, however, have 
made it clear that the book is intended primarily for physicians 
who are in need of general and specific information on the clinical 
manifestations, treatment, and prognosis of cases of poisoning. In 
this respect, it can also be valuable to the pharmacist as a source 
book of clinical toxicology. The book is extremely easy to read and 
gets directly to the practical aspects of toxicity of compounds and 
products. Further interest is generated by including illustrative 
cases of poisoning which helps orient the reader to the effect of a 
particular substance ingested by a person. The authors do not try 
to cram volumes of information on a specific compound but include 
sufficient information which may be of extreme importance in 
diagnosing and treating a poisoned patient. 


“Clinical Toxicology” is divided into two parts. The first and the 
shorter portion of the book deals with the general considerations of 
poisoning while the second, and in essence, the bulk of the book, 
reviews the individual substances generally as separate short 
chapters. The book can be recommended for pharmacists and 
physicians but only as an added source of information. As with 
most texts on clinical toxicology, information on toxicity of newer 


Review of Biochemistry. By NATHAN H. SLOANE and J. LYNDAL 
YORK. Macmillan Co., 866 Third Ave., New York, NY 10022, 
1969. ix + 278 pp. 18 X 26 cm. Price: $9.95, hardbound; $6.95, 
paperbound. 
This outline review of biochemistry prepared by Nathan H. 


Sloane, Professor of Biochemistry, University of Tennessee Medical 
Units, and J. Lyndal York, Associate Professor of Biochemistry, 
University of Arkansas School of Medicine, is aimed at presenting 
modern biochemistry in a concise, practical form covering funda- 
mentals applicable to the health professions. 


The authors emphasize in the Preface that this book .‘. . . is not a 
text; rather, it can be used to greatest advantage in conjunction with 
lecture material and assigned reading in textbooks and periodicals.” 


The outline form which is used throughout the book allows the 
reader to scan a great deal of information with minimum effort. 


The book surveys biochemical methods and physiochemical 
principles as well as including chapters on the cell, amino acids and 
peptides, proteins, and enzymes. Three chapters deal with carbo- 
hydrate metabolism and chemistry. The metabolism of lipids, 
amino acids, and nucleic acids is covered. In the concluding chap- 
ters, aspects of genetics, hemoglobin, renal function, and vitamins 
are among the topics discussed. 


Staff Review 


Neurophysiological and Behavioral Aspects of Psychotropic Drugs. 
Edited by A. G. KARCZMAR and W. P. KOELLA. Charles C 
Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xviii + 199 pp. 17.5 X 25.5 cm. Price $12.50. 
This book is based on reports developed by several study groups 


of the American College of Neuropsychopharmacology in 1966. 
These reports were expanded and updated through 1968 before 
publication. 


The work presented in this volume represents the efforts of two 
particular groups. The first one studied the biological effects of 
pharmaceutical agents-neurophysiological aspects, with five chap- 
ters being devoted to various aspects of that topic including several 
papers on LSD responses and behavioral changes. 


The other major portion of the book contains the reports of the 
second group which focused on the effects of drugs on chemistry, 
learning, and memory. 


The editors of this book have attempted to compile information 
from various disciplines and sources related to this topic into one 
volume which is relatively specific and current. 


Staff Reuiew 8 
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since when sodium was completely replaced by potassium in the 
bathing buffer solutions, only a 1.08 value was obtained for the ratio 
of permeability coefficients for salicylate ion. 


5. It would appear that the virtual pH hypothesis of Hogben 
et al. (4) is inoperative when considering in vitro intestinal transport. 


6. If the presently accepted hypotheses concerning the in viuo 
intestinal absorption of ionizable drugs are valid, it would appear 
that in vitro intestinal transport studies could lead to erroneous con- 
clusions concerning the degree of absorption of ionizable drugs in 
viuo. 
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Parameters Affecting Absorption of Griseofulvin in a 
Human Subject Using Urinary Metabolite Excretion Data 


PETER KABASAKALIAN, MICAELA KATZ, BERNARD ROSENKRANTZ, and EDWARD TOWNLEY 


Abstract 0 Using the urinary excretion of 6-demethylgriseofulvin 
as the index of absorption, the effects of three previously studied 
parameters (high-fat breakfast, particle size, and dissolution rate) 
on the absorption of griseofulvin in a single subject are compared 
with published blood level data derived from many subjects. The 
results of the effects of three new parameters (time of dose 
administration, low-dose level, and gastrointestinal transit time) 
are also reported. 


Keyphrases Physiological availability-griseofulvin, man 
Griseofulvin absorption parameters-urinary excretion data, man 
0 6-Demethylgriseofulvin metabolite-griseofulvin absorption 
parameters, man 0 Trimethylsilyl ether derivative-6-demethyl- 
griseofulvin, griseofulvin metabolite 0 GLC-analysis 


The factors (1-12) affecting the absorption of orally 
administered griseofulvin in man have been studied by 
measuring (using a fluorometric chemical analytical 


procedure) the level of griseofulvin in blood at various 
times after drug administration. The calculation of the 
degree of absorption is based on the assumption that 
the physiological availability of the drug is proportional 
to the area (usually determined by the trapezoidal rule) 
under the blood level-time curve (3,5, 13-15). 


The factors affecting absorption were found to be a 
function of the diet (high-fat meal) (1, 2), the dosage 
formulation [particle size (3-7), dissolution rate (8, 9), 
solubility (7, lo), and presence of surfactants (4,7)], and 
the dosage regimen [dosage level (3, 11, 12) and repeti- 
tive dosage schedule (6,7,9,  1 l)]. 


The nonlinear (logarithmic) relationship (3, 11, 12) 
between the dose ingested and the area under the blood 
level-time curve has raised questions concerning the 
validity of the model on which this method of calculat- 
ing absorption is based. Atkinson et al. (1 1) suggested 
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the existence of a linear relationship between the half- 
life and logarithm of the ingested dose. This depen- 
dence of half-life on the amount of drug in the blood is 
unusual if elimination was following a simple model con- 
taining first-order rate constants. Riegelman has shown 
that one basic assumption of the model, the constancy 
of the apparent volume of distribution, is invalid for 
griseofulvin in the rabbit (16). He has also questioned 
the single-compartment basis of the model in man (17). 
However, Riegelman has recently shown that, although 
a multicompartment model is necessary for calculating 
absorption, the plasma level-time curve for man (18) was 
proportional to the dose administered. 


A further complication relating to the use of blood 
data has been the fact that most investigations have 
used a single-dosage regimen. Marvel et al. (7) have 
shown that in the case of griseofulvin, a factor (surfac- 
tant in formulation) which enhanced absorption of 
griseofulvin under a single-dosage regimen did not do  so 
under a multiple-dosage regimen for which this drug is 
intended. 


Besides the use of blood level data, physiological 
availability can be estimated from urinary excretion 
data (19,20). A significant amount of drug must be ex- 
creted unchanged in the urine if questions of valid use of 
this method are not to be raised (21). Unfortunately, the 
amount of free griseofulvin excreted in the urine is only 
about 0.1 of the ingested dose (22). Fortunately, the 
urinary excretion of the reported metabolite (23) (6- 
demethylgriseofulvin) of griseofulvin can be used for 
this purpose. Absorbed griseofulvin is reported to be 
completely excreted as 6-demethylgriseofulvin (10). 


This investigation was undertaken to  determine 
whether urinary metabolite excretion data as first used 
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Table I-Urinary Excretion of Metabolite" 


Time 
after -Metabolite- 
Drug In 


Admin- In 24-hr. 72-hr. 
Time of Diet, istration, Urine, Urine, 


Administration Meal days mg. mg. 


7 : 30 a.m. 


7: 30 a.m. 


Nonfat 1 .0  _ _  . - 
3 0  5 7  - 


- 21 1 
-. - - .  . 
3.0 0 .9  29.7 


- Nonfat 1 .0  20.9 
- repeatb 2.0 8 .7  


3.0 1.9 31.5 
7 : 30 a.m. Fat 1 .o 28.1 


2.0 10.4 
3.0 3 .5  42.0 


12:00 noon Nonfat 1.0 37.6 
2.0 13.0 
3.0 2.8 53.4 


12:OO noon Nonfat 1 .o 36.6 
repeatb 2.0 11.5 


3.0 3 .0  51.1 
6:OO p.m. Nonfat 1 . 0  29.2 


2.0 11.7 


- 
- 


- 
- 


- 
- 


- 
- 


~~ 


3.0 3.3 44.2 
- 6:00  p.m. Fat 1 .o 25.0 
- 2.0 13.9 


3 .0  4.1 43.0 
12 : 00 midnight Nonfat 1 .o 31.3 


2.0 9.4 
3.0 1.1 41.8 


- 
__ 


By subject receiving a single dose of 250 mg. of microsize griseo- 
fulvin experimental Product A at various times of drug administration 
and with or without a fat meal. 


5 Repeat run 1 month later. 


by Riegelman (10) can be used to study the parameters 
that affect the absorption of griseofulvin in man, but 
which may not conveniently be studied by the blood 
level method. 


EXPERIMENTAL' 


l . . . . . I .  * .  


2 4 6 8 1 0 1 2 2  4 6 8 1 0 1 2  2 4 6 
a.m p.m. a.m. 


TIME OF DRUG ADMINISTRATION 


Figure I-Plot of metabolite yield after the subject has taken a single 
dose of 250-mg. microsize griseofulvin experimental Product A at 
various times during the day: @, with a nonfat meal; and X , with u fat 
meal. 


Material-Commercially available 250-mg. regular size and 
microsize griseofulvin formulations of three manufacturers, to- 
gether with one 500-mg. regular size and one 250-mg. and seven 125- 
mg. microsize experimental griseofulvin formulations, were used in 
this study. 


In. Vitro Dissolution Test-Katchen's (8,24) modified oscillatory 
tube method was used with simulated intestinal fluid. 


Subject-A single healthy ambulatory subject was used in this 
study. During the experimental period, there were no dietary re- 
strictions except for fat intake during the time of dosage admin- 
istration and high-fat meal experiments. The normal diet was bland. 
During the gastrointestinal transit time study, the diet was altered as 
noted in Table V. 


Dosage Regimen-A single-dosage regimen was used. The dose 
was administered at 7:30 am.,  12:OO noon, 6:00  p.m., or 12:OO 
midnight as noted in the time of dose administration study im- 
mediately prior to the three regular daily meals; no meals were 
skipped. After this study, 12:00 noon was chosen as a fixed pa- 
rameter for the rest of the studies. 


Urine Collection-The urine was collected normally for 3 
days subsequent to drug administration and combined into 24-hr. 
samples. The urine volume and pH were noted. The urine was an- 
alyzed right after collection. No change in metabolite concentra- 
tion was observed over several months on repeated assays. 


Analytical Method-The urine was analyzed for 6-demethylgriseo- 
fulvin2 by gas-liquid chromatography. Twenty-five milliliters of 
urine was acidified to pH 1 and extracted with 25 ml. of chloroform. 


* All gas chromatograms were obtained on a F and M model 400 gas 
chromatoerauh with a flame-ionization detector and a Minneauolis 
Honeywel'i recorder. 


ence of any conjugated metabolite. 
8-Glucuronidase and sulfatase hydrolysis did not indicate the-pres- 
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Table 11--Urinary Excretion of Metabolite" 


Time 
after 
Drug 


minis- 
Ad- 


Dose, tered, -Urine- 
mg. days ml. pH 


Metab- 
olite/ 


-Metabolite-- Dose 
In 24-hr. In 72-hr. Ratio in 
Urine, Urine, 72-hr. 


mg. mg. Urine 


500 1.0 1860 6 . 4  
2.0 1220 5 .6  
3.0 1080 5 .7  


250 1.0 1750 6 .3  
2 .0  960 5.7 
3.0 1630 6.4 


125 1.0 1650 6.5 


3.0 1120 6.2 
15 1.0 860 5.7 


2.0 1620 6.8 
3 .0  810 6.3 


5 1.0 1180 6 .2  
2.0 1820 6 .3  
3.0 1700 6.6 


35.2 - 
- 6.7 


2.0 43.9 
15.2 - 


- 6.1 
2.9 24.2 
9 . 3  
3.3 
0.7 13.3 


- 
- 


- 3.3 
1 . 3  
0.2 4.8 
1.02 - 
0.28 - 
0.11 1.41 
0.46 - 
0.00 - 
0.00 0.46 


- 


- 


0.088 
- 
- 


0.097 
- 
- 


0.106 
- 
- 


0.107 
- 
- 


0.094 
- 
- 


0.092 


a By subject receiving at  12:OO noon a single dose or fractions of 500 
mg. of regular size griseofulvin Product B. 


A 10-ml. aliquot of the chloroform extract was evaporated to a 
residue on a steam bath under a nitrogen atmosphere. The residue 
was dried in a draft oven at 60" for 10 min. The trimethylsilyl 
ether derivative was formed according to the procedure of Homing 
et a/ .  (251, using 100 pl. of B.S.A. reagent,3 mixing, and heating for 
10 min. at 60". After the addition of 100 pl. of pyridine, a 5-pl. 
sample was injected into a diatomaceous earth4 column contain- 
ing I % 0V-174 (a phenylmethyl siloxane polymer) as liquid phase. 
A 1.22-m. (4.0-ft.) column exhibited at 225" a retention time of 
12.4 min. and 1300 theoretical plates for 6-demethylgriseofulvin. 


RESULTS AND DISCUSSION 


Time of Dosage Administration-The amount of metabolite ex- 
creted in the urine in a 3-day period after the administration of an 
experimental 250-mg. microsize griseofulvin product, A, is recorded 
in Table I. While the subject's diet was kept low in fats, the time of 
dosage administration was varied. The results of these experiments 
are also displayed in the form of a graph in Fig. 1. 


The absorption as indicated by the amount of metabolite yield 
is a function of the time of drug administration. The absorption is 
lowest early in the morning after a night of fasting. In all the 
previous (1-12) studies of absorption of griseofulvin in man, the 
drug was administered early in the morning, i.e., at breakfast time. 
The absorption reached a maximum when the drug was administered 
at noon. Griseofulvin administered at supper time or at midnight 
yielded intermediate absorption values. 


The effect of time of griseofulvin administration has not pre- 
viously been reported. It is not evident why there should be a 
maximum and minimum absorption when the drug is administered 
at noon and breakfast time, respectively. That this is not a spurious 
response but very real was revealed by the fact that the amount of 
metabolite excreted when the drug was again administered at noon 
and breakfast time after a lapse of a month was nearly identical to 
the initial values as shown in Table I. 


Perhaps a circadian rhythm (26) involved in the drug absorption 
[such as intestinal motility or the 24-hr. bile cycle (U)] is responsible 
for this phenomenon. 


High-Fat Meal-Using the experimental Product A, the effect 
of a high-fat meal at breakfast and supper time just prior to drug 


3 B.S.A. reagent (bistrimethylsilyl acetamide) is available from Mann 


Gas-Chrom Q, Applied Science Laboratories, Inc., State College, 
Research, New York, N. Y. 


PA 16801 


administration yielded the results shown in Table I. It should be 
noted that the high-fat meal followed by drug administration at 
breakfast increased drug absorption. There was no similar effect 
when the high-fat meal before drug administration was at supper 
time. 


The previous (1, 2) reported effects of a high-fat meal were deter- 
mined at breakfast time. 


Gastric-emptying time (28) is affected by the fat content of the 
meal. Since griseofulvin is reported to be absorbed (29) mainly 
in the intestines, the effect of the high-fat meal would be equivalent 
to taking the drug at a later time. 


Using the graph in Fig. 1, the metabolite yield when a high-fat 
breakfast was consumed by the subject, and assuming a linear 
relationship to be in existence between the maximum and minimum 
absorption points, one can calculate a delay of about 2.5 hr. A 
similar equivalent delay at supper time would cause no increase in 
absorption (Fig. 1). 


Dose Level-A single dose or fractions of the regular size 500-mg. 
griseofulvin Product B was administered at  noon. The metabolite 
yields are listed in Table 11. The results of these experiments are 
also displayed in the form of a graph in Fig. 2 using the metabolite- 
to-griseofulvin dose ratio as an indicator. The urine pH and volumes 
are also presented and show no effect. 


As the dose level of the griseofulvin increased 100-fold, the 
amount of metabolite excreted increased proportionately, as in- 
dicated by the constancy of the metabolite-to-griseofulvin ratio. 
It is apparent that the percentage of the drug absorbed is independent 
of the dose level. The constancy of this metabolite yield-to-dose 
ratio served as an internal calibration of absorption, even though the 
metabolite yield was low in this individual. In previous (3, 11, 12) 
studies in man, the logarithm of the dose and blood level have been 
linearly correlated. Atkinson et at. (3, 11) have used dose levels of 
250 mg. to 1.0 g., while Grin and Denic ( 1  2) have used dose levels of 
approximately 250 mg. to 8.0 g. A plot of logarithm of dose ad- 
ministered and amount of metabolite excreted is shown in Fig. 3. 
There appears to be no linear relationship as with the blood level 
data. 


These results cannot be compared with blood level data since no 
experimental data with low griseofulvin levels have been previously 
reported. 


The absorption of drugs from the gastrointestinal tract are 
generally assumed to undergo two steps as shown in Eq. 1 : 


Asolid - Asalutian - Abody (Eq. 1) 


The first is the dissolution of the solid dosage and the second 
is the transport of the drug in solution in the gastrointestinal lumen 
through a lipoidal permeable membrane into the blood. 


Although the extremely low water solubility of griseofulvin 
probably makes the dissolution step the rate-limiting step in the 
absorption process, one might have expected that the water solubility 
would not be self-limiting any longer at the lower doses and that 
at least the regular size griseofulvin would approach the microsize 
griseofulvin in its yield of metabolite (a metabolite-to-griseofulvin 
dose ratio of 0.10 us. 0.21 from the time of dose administration 
study). Instead, the regular size griseofulvin acted as if it obeyed 
the cube root law of dissolution of Hixson and Crowell (30). 


Hixson and Crowell derived an equation for the dissolution of 
a single particle in which the surface area was allowed to change 
with time while its shape factor (ratio of dimensions) remained 
constant. Niebergall and Goyan (31) extended the equation for use 


1.0 2.0 
LOGARITHM OF DOSE, rng. 


3.0 


Figure 2-Plot of metabolite-dose ratio vs. logarithm of dose for 
subject receiving at 12:OO noon a single dose or fraction of 500-mg. 
regular size griseofulvin Product B. 
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1.0 2.0 
LOGARITHM OF DOSE, mg. 


Figure &Plot of metabolite yield vs. logarithm of dose .for sub- 
ject receiving at 12:OO noon a single dose or fraction of 500-mg. 
regular size griseofulvin Product B. 


in multiparticulate systems by assuming N equal-size particles. 
When the amount of solute needed to saturate a given volume of 
solvent is much greater than the concentration of material in solu- 
tion, the integrated form becomes 


N1/(wn1/3 - wl/a) = N1/3(Kt) (Eq. 2) 


where N is the number of particles, Wn is the initial weight of each 
particle, w is the weight of the particle at time t ,  and K is the product 
of the intrinsic dissolution rate constant, solubility, density, and 
shape factor for the solute. 


Therefore, no matter what the total number of particles is, 
the cube-root law indicates that all particles of identical size obey 
the fundamental relationship. A graphic presentation of this law 
using the fraction dissolved, (wg - W ) / W n ,  is shown in Fig. 4. A 
consequence of this relationship is that if the gastrointestinal transit 
time is constant, the percentage absorption of the drug will be 
independent of the amount of drug administered. 


Particle Size-Table 111 contains the results of six commercially 
available 250-mg. griseofulvin products. Three products, C ,  D, 
and E, were manufactured with microsize griseofulvin; three prod- 
ucts, F, G,  and H, were produced with regular size griseofulvin. 
These drugs were administered at  noon time. 


The microsize griseofulvin products yielded about twice as much 
metabolite as the regular size griseofulvin products. 


Although the results within each group appeared to differ from 
each other, these differences are not considered significant since 
they include formulation content and analytical variations. The 
mean amount of metabolite obtained from the use of the microsize 
griseofulvin products was found to be 50.7 mg., while the corre- 
sponding value from the regular size griseofulvin products was found 
to be 26.6 mg. This indicates that the regular size griseofulvin is 
equivalent to about one-half the microsize griseofulvin. 


This equivalency was difficult to determine when blood level 
data were used because of the nonlinear response of blood level to 
dose administered. However, blood Ievel data (3-7) did yield this 


Table 111-Urinary Excretion of Metabolite' 


Time 
after 
Drug -Metabolite--- 


Admin- In 24-hr. In 72-hr. 
istered, Urine, Urine, 


Product Griseofulvin days mg. mg. 


C Microsize 1 .o 37.1 - 
2 . 0  12.3 
3 .0  2 .9  52.3 
1 .o 30.4 - D Microsize 


- 


2.0 16.9 - 
3.0  4.1 51.4 


E Microsize 1 .o 37.9 
2 . 0  9 .4  
3 .0  1 . 1  48.4 


F Regular 1.0  17.1 
2 .0  7 .4  - 


- 
- 


- 
~. . .  . 


3.0 1.5 26.0 


2 .0  8 . 3  
3 . 0  2 . 4  25.9 


G Regular 1 .o 15.2 - 
- 


- H Regular 1.0 19.8 
2 . 0  6 .7  
3 . 0  1 . 5  28.0 


- 


~~ 


a By subject receiving a single dose of commercially available 250-mg. 
griseofulvin products administered at 12:OO noon. 


information when dosages of microsize and regular size griseofulvin 
were compared at identical blood levels. 


Although the Federal Register (32) classifies griseofulvin into 
large particles (regular size) and microsize material, there isn't as 
large a difference between the material as their names imply. The 
specification of the specific surface area for the large particle griseo- 
fulvin is that it should not be less than 0.35 and not more than 0.65 
m.%/g., while that for the microsize griseofulvin is that it should not 
be less than 1.3 and not more than 1.7 m.a/g. The ratio of the average 
of these limits is 1 : 3 with respect to surface area. 


1.0 . 


0.9 * 


0.8 - 


0.7 . 


0.6 . 
z 
I 


0.5 * 


0.4 * 


0.3 


0 2 4  6 8 10 12 
Kt, X 1000 


Figure &Plot of the cube-root law of dissolution of Hixson and 
Crowell in terms of the fruction of solute, (wo - w)/wo, dissolved 
vs. Kt. 
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Table IV--Urinary Excretion of Metabolite” 


Time 
after 
Drug -Metabolite- 


Dissolution Rates Admin- In 24-hr. In 72-hr. 
Time, Z istered, Urine, Urine, 


Product min. Dissolved days mg. mg. 


I 30 88 1 . 0  18 .2  - _ .  
- 60 93 2 .0  6.1 


J 30 60 1 .o 13.8 
120 95 3.0 2 .0  26.3 


- 
- 60 80 2 .0  7.1 


K 30 34 1 . 0  1 5 . 9  - 
120 91 3.0 1.9 23.1 
.. 


- 60 54 2.0 4.6 


L 30 19 1 .o 18.9 
120 76 3.0 1 . 4  21.9 


- 


0.5 1.0 1.5 2.0 
LOGARITHM OF MG. DISSOLVED/30 MIN. 


- 60 39 2.0 6.1 


M 30 8 1 .o 18.4 
60 16 2 .0  5 . 9  


1 20 32 3.0 2.1 26.4 
N 30 2 1 .o 8 . 8  - 


60 5 2 .0  2 .5  
1 20 9 3.0 0 . 8  12.1 


120 59 3.0 1.7 26.7 
- 
- 


- 


Figure 5-Plot of metabolite yield vs. logarithm of dissolution rate 
(mg. dissolved/30 min.) for subject receiving at 12:OO noon a single 
dose of 125 mg. of microsize griseofulvin experimental products 
having different dissolution rates. 


no correlation between dissolution rate and drug absorption. The 
subject used in this investigation evidently falls into this minority 
group. 


Recently there has been a flurry of investigations to increase 
the dissolution rate of griseofulvin and thus supposedly of increas- 
ing gastrointestinal absorption. Goldberg er al. (38) have reported 
a eutectic mixture with considerable solid solubility of griseofulvin 
in succinic acid having dissolution rates about seven times faster 
than the pure material. Mayersohn and Gibaldi (39) have published 
a new method of solid-state dispersion of griseofulvin in polyvinyl- 
pyrrolidone. The resultant product is reported as having greatly 
increased dissolution rates over micronized griseofulvin. A recent 
patent (40) reports that higher griseofulvin blood levels in the rat 
can be obtained by the use of an intimate mixture of griseofulvin 
and isogriseofulvin. The success of all these approaches has yet to be 
proven in man. 


There are basically two types of drugs (41), those in which the 
sequence of drug concentration in the body and pharmacologic 
activity coincides and those in which there is a considerable delay. 
In the former case, rapid onset of pharmacological activity is 
desired; therefore, a dosage form which permits the drug to be 


By subject receiving at 12:OO noon a single dose of 125 mg. of 
microsize griseofulvin products having different dissolution rates. 


Matthews and Rhodes (33) reported surface area of 0.38 m.z/g. 
of regular size griseofulvin and 1.32 m. a/g. of microsize griseofulvin. 
The ratio of surface area of regular size to microsize griseofulvin 
in this case is 1 : 3.5. 


An inspection of Fig. 4 indicates that the rate of dissolution is 
essentially constant up to the time when about 4 0 z  of the solute 
has dissolved. Therefore, the ratio of percentage absorptions of 
microsize and regular size griseofulvin can be calculated by the use 
of a form of the Noyes-Whitney (34) equation, Eq. 3 (where S is the 
surface area, V the volume of solvent, KI the rate constant, and we the 
weight of solute needed to saturate the solution), when the total 
absorption is below 40% and the amount of solute in solution is 
very much less than that required to saturate the solution. 


V(dw/dt) = - KiS(w,) (Eq. 3) 


Table V-Urinary Excretion of Metabolite” 
Substituting the reported (33) surface areas of 1.32 and 0.38 


m. 2/g. of microsize and regular size griseofulvin, respectively, 
yields the following ratio: 


(NiSl)/(NzSz) = 1.32/0.38 = 3 . 5  0%. 5 )  


The ratio of metabolite yield actually found was 2. This may be 
due to the fact that the griseofulvin has a hydrophobic surface which 
has not been completely converted to a hydrophilic surface by 
granulation (35,36), and/or that there is significant absorption of air 
on its surface (37), and/or the particles do not regain their surface 
area on disintegration of the dosage formulation due to particle 
aggregation. 


Of course, the model used may be incorrect because of the non- 
uniformity of particle size and/or departure from the concept of 
retention of constant shape factor during the course of the dissolu- 
tion process. 


Dissolution Rate-Comparison of the amount of metabolite 
excreted after the ingestion of six experimental microsizegriseofulvin 
formulations, having different dissolution rates (Table IV), did not 
reveal any relationship between the logarithm of the dissolution 
rate (Fig. 5) and absorption (except for the slowest dissoluting 
Product N). These observations appear to differ from those of 
Katchen and Symchowicz (8, 9). They reported a positive cor- 
relation between the logarithm of dissolution rate (amount dis- 
solved in 30 min.) in simulated intestinal fluid and the 24-hr. mean 
griseofulvin plasma level. However, a closer scrutiny of Katchen and 
Symchowicz’s papers indicates that under the single-dosage regimen 
there is a large intersubject variation in the effect of dissolution 
rates. In fact, two (Subjects 4 and 8) out of their 18 subjects show 


Time after 
Irritating Drug Ad- --Metabolite-- 


Diet ministered. In 24-hr. In 72-hr. 
Component days Urine, mg. Urine, mg. 


None 1 .o 
2 . 0  
3 .0  


16.6 
6 . 6  
2 .0  


20.2 
5 .9  


- 
25.2 
- Red pepper 1.0 


2 .0  - 
27.9 
- 
- 


26.8 
- 
- 


28.7 
- 
- 


3 1 . 5  
- 


~. 


3.0  
1 .o 
2.0  
3.0 


1 . 8  
21.8 


3 . 8  
1 .2  


20.6 


Milk 


Pepperoni 1 .o 
2.0  
3.0 
1 .o 
2.0  


6.1 
2 . 0  


24.2 
5 . 8  
1 . 5  


20.2 


Greasy fried 
food 


Alcohol 
3.0 
1 .o 
2 . 0  2.8 - 


21.1 
- 
- 


32.1 
- 
- 


24.9 


~~ 


3.0  
1 .0  
2 . 0  
3.0 


4 . 7  
24.4 
6 . 7  
1.6 


1 8 . 5  


Nuts 


None 1 .o 
2.0 
3.0 


5 . 0  
1 . 4  


~~ ~~ 


(1 By subject receiving at 12:OO noon a single dose of 125 mg. 
of microsize griseofulvin Product 0 followed by alterations in diet. 
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absorbed rapidly is required. These drugs are usually taken in a 
single-dosage regimen and may be considered to belong to the fast- 
action “aspirin” type drugs. 


In the second case, where there is considerable delay in pharma- 
cologic response, there is little advantage in rapid drug release 
from the dosage form as long as release is not delayed to the point 
of reducing drug absorption. The drugs in this category are usually 
taken in a multiple-dosage regimen. Griseofulvin fits into this 
category. The usually recommended treatment with griseofulvin is 
a multiple-dosage regimen lasting from 4 to 6 weeks. 


Gastrointestinal Transit Time-The results of the attempt to vary 
the gastrointestinal transit time by the use of alterations in diet 
(red peppers, excess milk, pepperoncini, greasy fried foods, nuts, 
and alcohol) for the noon meal immediately after ingestion of 125- 
mg. microsize griseofulvin experimental Product 0 are shown in 
Table V. These variant components of the diet were used inde- 
pendently. Red peppers, excess milk, and pepperoni had a 
diarrheic effect; excess nuts had a constipating effect; the greasy 
fried food had a nauseating and a sense-of-fullness effect; and the 
alcohol had a relaxing effect on the subject. 


Product 0 had a dissolution rate which was slightly faster than 
that for Product N whose absorption appeared to be impaired 
by its low-dissolution rate. The percentages dissolved in 30,60, and 
120 min. were 3, 6, and 13z, respectively. 


Although these diets may have varied the transit time through 
the whole gastrointestinal tract, there is little evidence that the 
transit time through the absorption site was affected much (except 
in the cases of greasy fried food and nuts), as evidenced by the 
relatively constant metabolite yield which was comparable to that 
obtained when the subject had his normal meal. The absorption 
increased significantly when the irritating diet components were 
greasy fried foods and nuts. 


SUMMARY AND CONCLUSIONS 


The effects of six parameters on the physiological availability 
of orally administered griseofulvin formulations were studied by the 
use of urinary metabolite excretion data from a single subject. The 
first parameter, time of dosage administration, had an effect on gris- 
eofulvin absorption in the manner of a circadian rhythm, the 
absorption being least in the morning and the most at noon time. 
The second parameter, high-fat meal, appeared to be equivalent 
to a delay in time of dosage administration and subsequently had 
its effect dependent on the previous factor. The third parameter, 
dose level, indicated that the percentage absorption of drug was 
independent of the amount of drug administered. The fourth 
parameter, particle size, showed that microsize griseofulvin was 
absorbed about twice as much as regular size griseofulvin. The fifth 
parameter, dissolution rate of the griseofulvin formulation, had 
little effect on absorption of griseofulvin as long as the dissolution 
rate was above that for Product N. The sixth parameter, gastro- 
intestinal transit time, could not be varied enough by dietary means 
(except in the cases of greasy fried foods and nuts) to affect signif- 
icantly the residence time of the griseofulvin at the absorption 
sites. 


Obviously, these effects cannot be considered representative 
of the general population. The urinary metabolite excretion data 
were in agreement with published blood level data estimation of 
physiological availability of griseofulvin in formulations for the 
effect of particle size, high-fat breakfast, and dissolution rate 
(minority subjects). No published blood level data exist for the 
time of dosage administration, gastrointestinal transit time, and 
low-level dose factors. It is inconvenient or impracticable to study 
these parameters by the blood level method. 
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Books 


REVIEWS 


Amphetamine Abuse. Edited by J. ROBERT Russo. Charles C 
Thomas, Springfield, IL  62703, 1968. xii + 159 pp. 16 X 23.5 
cm. Price 7.50. 
This 159-page book is made up of the edited papers of the first 


National Institute on Amphetamine Abuse which resulted from A 
Delinquency Study and Youth Development Project of Southern 
Illinois University. It was funded from a grant awarded by the Of- 
fice of Juvenile Delinquency and Youth Development, United 
States Department of Health. Education, and Welfare and held dur- 
ing February, 1966. One finds contained within this volume the vari- 
ous viewpoints of law enforcement? the drug industry, the sociolo- 
gist, the psychiatrist, and medical researcher, and finally the interest- 
ing experience of a young amphetamine abuser himself. 


Although no attempt was made to correlate the contradictions of 
opinions expressed. the book stands as a good example of the com- 
plex spectrum of this social problem. It covers the topics of use, mis- 
use and abuse : psychiatric implications ; violations; law enforce- 
ment problems; and the important role of education. 


The reviewer can onlk reiterate the cover leaf description of the 
book which states that an educator predictively recommends educa- 
tion as a preventative, a member of the Narcotics Bureau pleads for 
stronger laws and greater police freedom in enforcement and so on. 
Hence, this book represents a forum for viewpoints from the various 
establishments affected by the amphetamine abuse problem, but 
does not cogently and coherently express ways to solve the prob- 
lem. However, the book does clarify much confusion in this area, it 
provides some lines of communication and it will help provide some 
basis for future legal. medical. and moral decisions about ampheta- 
mine abuse. 


Recirwed by  Ara H. Der Marderosian 
Philudelpliia College of Pharmacy atid Science 
Pt~ilrrd~lphia. P A  19104 w 


as characteristics of patient, physician, treatment milieu, and non- 
treatment milieu. Examples of many nonspecific factors considered 
are attitudes of patient and physician (optimistic or pessimistic) 
toward drug treatment, personality characteristics of patients (or 
normals), duration as well as intensity of emotional disturbance 
being treated, and prior drug experiences. The relationship of such 
factors to side effects and paradoxical responses as well as to thera- 
peutic success of drug treatment is examined. 


Various nonspecific influences of psychological and sociocultural 
characteristics are discussed at length by several contributors in 
relation to the phenomena associated with placebo treatment 
including the controversial concept of “placebo reactors.” While 
one chapter emphasizes the significance or “power” of the placebo 
and our knowledge of its relative effectiveness according to the 
varied circumstances, another chapter emphasizes the lack of knowl- 
edge on the true incidence of the placebo reactions and on the 
longitudinal consistency of the supposed “placebo reactor” charac- 
teristic. Certainly all agree to the need for further clarification of 
placebo phenomena and for enlarged and enlightened use of 
placebos in clinical drug studies. 


Designed “to provide the reader with some of the latest findings 
and thoughts” in an interesting and significant area of psycho- 
pharmacology, the volume accomplishes this objective reasonably 
well. It will be most useful to those with some previous awareness 
of the subject and to those who will make use of the good selection 
of bibliographic citations included to pursue their interest among 
important earlier works. 


Reciewed b y  W. Marvin Davis 
School of Pliarmacy 
Departmetit of Pharmacology 
The Utiicersity of Mississippi 
Unicersity, M S  38677 w 


Non-Specific Factors in Drug Therapy. Edited by KARL RICKELS. 
Charles C. Thomas, 301-327 East Lawrence Ave., Springfield, 
11, 62703, 1968, xii + 149 pp. 16 X 23.5 cm. Price $7.75. 


This symposium volume is derived from a session of the 4th World 
Congress of Psychiatry held in 1966. Nonspecific (i.e., nondrug) 
factors are considered particularly as they relate both to pharma- 
cologic treatment of depressions, neuroses, and schizophrenia, and 
to the psychopharmacologic effects of various drugs in normal sub- 
jects. Major nonspecific variables affecting drug therapy are grouped 


Autoxidation of Hydrocarbons and Polyolefins: Kinetics and Mech- 
anisms. By LEO REICH and SALVATORE S .  STIVALA, Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 1969. xi + 527 
pp. 15.5 cm. X 23.5 cm. Price $29.75. 
This book deals primarily with the kinetics and mechanisms of 


hydrocarbon and polyolefin autoxidation. Following a brief account 
of some early historical developments, Chapter 1 gives a clear, con- 
cise treatment of the general kinetics of free radical reactions. 
Chapter 2 covers the autoxidation of hydrocarbons in the absence 
of inhibitors and accelerators while Chapters 3 and 4 deal with 
simple hydrocarbon autoxidation in the presence of antioxidants 
and metal catalysts, respectively. The topic of weak chemilumines- 
cence during hydrocarbon autoxidation is presented in Chapter 5, 
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Effect of pH on the Micellar Properties 
of a Nonionic Surfactant 


J. R. BLOOR*, J. C. MORRISON, and C. T. RHODESt 


Abstract 0 The effect of change in pH on the critical micelle 
concentration of a nonionic surfactant (Tween 40) has been in- 
vestigated by surface tension and light-scattering methods. It is 
shown that a linear relationship exists between the free energy of 
micellization and pH. Significance of changes in the enthalpy and 
entropy of micellization are discussed. A computer program, written 
in Algol 803, is presented to  convert raw experimental light-scatter- 
ing data to micellar molecular weights. It is shown that both micellar 
molecular weight and the hydration per unit mass of surfactant 
decrease with increase in pH value. Interpretation of these results is 
discussed. 


Keyphrases 0 Nonionic surfactant-micellar properties, pH effect 
Micellar properties, nonionic surfactants-pH effect 0 Surface 


tension method-pH effect, micelle concentration 0 Turbidity 
method-pH effect, micelle concentration 0 Refractive index- 
determination NMR-identification Computer program- 
conversion of light-scattering data to micellar molecular weights 


Surfactants are widely used in pharmaceutical tech- 
nology as wetting agents, solubilizers, and emulsifiers. 
Thus, studies of the properties of surfactants are of as- 
sistance in placing pharmaceutical formulation on a 
rational rather than an empirical basis (1). Also, nat- 
urally occurring surfactants, as found for example in 
bile and gastric juice, can have a significant effect upon 
drug absorption rates and other aspects of drug action (2). 
Kakemi et al. have attributed the retarded absorption of 
sulfonamides from aqueous solutions of a nonionic 
surfactant to micellar entrapment of drug (3). It has also 
been suggested that surface-active bile salts transport 
lipids by micellar solubilization (4). Surfactants can 
therefore play an important part in the biotransport of 
drugs. In the present paper the effects of pH upon a 
number of micellar properties of a nonionic surfactant 
are reported. This work forms part of a study of drug 
diffusion in micellar solution, further results of which will 
be published shortly (5). In addition to the value which 
the results reported in this paper have for diffusion 
studies, the data are of use in further elucidating the 
micellar structure of nonionic surfactants and in identi- 
fying the forces involved in micellar aggregation. 


EXPERIMENTAL 


Materials-A polyoxyethylene sorbitan monopalmitatel was 
characterized by NMR spectroscopy. The solvent used was DzO, 
and the sodium salt of tetramethylsilane was used as the internal 
reference. Mean molecular surfactant formula was estimated by the 
method previously described by Rhodes (6). 


The water used in this investigation was double distilled from an 
all-glass still. 


Both the sodium chloride and benzene used in this work were of 
AnalaR grade. 


Tween 40, supplied by Honeywill-Atlas Ltd., Carshalton, EngIand. 


Table I-Characterization of the Surfactant by NMR 
Spectroscopy 


Formula 
Formula Calculate$ 


Calculated Using Using Sorbitan 
Formula Claimed Methyl Protons Ring Protons 
by Manufacturers as Reference as Reference 


Alkyl protons 3 1 30 (.4) 31 ( . 1 )  
Polyoxyethylene 20 (.O) 19 ( . 5 )  


protons 20 


Surface Tension Measurements-The critical micelle concentra- 
tions (CMC) values of the surfactant at various temperatures and 
pH values were determined by use of a Du Nouy tensiometer (7). 
Experimental technique was checked by measuring the surface 
tension of water which was found to be 72.0 dynes cm.-l at 25". 
This was in excellent agreement with the literature value (8). The 
temperature was controlled at all times to f 0 . 1  of that required. 


Light Scattering-Turbidities were measured using a Brice- 
Phoenix Universal light-scattering photometera using unpolarized 
incident light, wavelength 436 mp, and a standard 30 X 30-mm. 
turbidity cell. Temperature during determination of turbidities was 
maintained at f0.1 '  of that required. The photometer was cali- 
brated against an opal glass diffuser as a primary reference standard. 
For benzene the observed RayIeigh ratio was found to be 48.8 X 


cm.-1 which was in good agreement with the previously reported 
value (9). All solutions were clarified by filtration through Millipore 
cellulose membrane filters (0.1 Mm pore size). Dissymmetries Z (I 
45"/Z 135' where I is the intensity of scattered light) were determined 
for each solution using a standard 40 X 40-mm. semioctagonal cell. 


Refractive Index Measurements--The refractive indices of sur- 
factant solutions were determined using a Hilger and Watts inter- 
ference refractometer3 with f0.1' temperature control. Calibra- 
tion was effected using sodium chloride as standard (lo). 


RESULTS AND DISCUSSION 


The results of the NMR characterization of the surfactant (Table 
I) show that the mean molecular formula determined experimentally 
is in good agreement with that stated by the manufacturers. Absence 
of signals, other than those assigned to the surfactant (5.8 p.p.m. 
sorbitan ring protons, 6.3 p.p.m. polyoxyethylene protons, 8.7 p.p.m. 
alkyl protons, and 9.1 p.p.m. terminal methy1 protons), is supporting 
evidence for the manufacturers' formula. 


Plots of surface tension and turbidity against surfactant concen- 
tration showed abrupt changes of slope at the CMC; typical results 
are shown in Figs. 1 and 2. Results obtained by the two methods are 
in good agreement with one another and literature values (1 1). 


Table I1 records the CMC values for the surfactant at various pH 
values and temperatures. Methods for calculating the thermo- 
dynamic parameters of micellization from CMC values and solu- 
bilization data have been discussed in some detail by Molyneaux et 
af.  (12) and Humphreys and Rhodes (13). Subject to activity correc- 
tions, which for a nonionic surfactant are probably small, the free 
energy of micellization, AGm, may be calculated by use of Eq. 1 : 


(Eq. 1)  AGm = - RT In K 


2 Supplied by Techmation Ltd., London, England. 
3 Supplied by Hilger and Watts Ltd.. London, England. 
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SURFACTANT CONCENTRATION, '% w/v 


Figure 2-Turbidity as a function of surfactant concentratiotz at 25" 
andpH 2. I. LOG CONCENTRATION SURFACTANT (% w/v) 


Figure 1-Surface tension as a function of log surfactant coiicentra- 
tion at 25 ". 


where R is the gas constant, T the absolute temperature, and K the 
CMC expressed in terms of mole fraction. Figure 3 shows the AGm 
values for the surfactant as a function of pH. A linear relationship 
between these two quantities is apparent. When data are available on 
the variation of K with temperature, it is possible to resolve AG, into 
the enthalpic and entropic, AH,,, and AS,, factors by means of Eq. 2: 


AG, = AH, - TAS, (Eq. 2) 


Estimates of these quantities have been made (Table 111). Because 
of the small temperature difference, 15", used in this work, high- 
precision estimates of AH, and AS,,, are not possible. However, the 
values are of use for qualitative interpretation of micellar structure. 


The average micellar molecular weight, M,, was determined 
from turbidities measured at 90" by extrapolating the Debye function 
to zero micellar concentration (14, 15): 


H(C - C,)/(T - TO)  = lja, lim (C - CO) - 0 (Eq. 3) 


where H is a constant for any given surfactant system under 
specified instrumental and environmental conditions, C is the sur- 
factant concentration, Co is the CMC, 7 is the turbidity at 90", and 
T O  is the turbidity at 90" at the CMC. Plots of the Debye function 
against (C - C,) are governed by Eq. 4: 


H(C - CO)/(T - TO) = l / a w  + 2B(C - C,) (Eq. 4) 


The term B, the second virial coefficient, represents the deviation 
from ideal behavior. The value of H is evaluated from Eq. 5 :  


H = {32a3n2[(n - n0)/qZ]/(3X4N) (Eq. 5 )  


where C is the solution concentration in g./ml.; n is the refractive 
index of the solution, no is the refractive index of the solvent, X is the 
wavelength of the incident light in cm., and N is Avogadro's number. 


A computer program has been written in Algol 803 to substitute 
raw imput data, surfactant concentration, turbidities, refractive 


Table 11-Critical Micelle Concentrations of the Surfactant 
~ _ _ _ _ _ ~ _ _ _ _ _ ~ _ _ _ _ _  ~ ~ 


Critical Micelle 
Concentration 


Temperature PH (molar) X lo5 


25 
25 
25 
25 
25 
40 
40 


2.1 
5 .0  
7.4 
9 . 2  


12.1 
2.1 


12.1 


6 . 5  
4 .1  
3 .7  
2 . 6  
2.2  
4.9 
1.4 


index measurements, and relevant constants into the above equa- 
tions. Using least-squares procedures the program causes the 
determination of the best line for the refractive index against con- 
centration plot and the plots of Debye function against concentra- 
tion. Samples of imput and output data together with the program 
are given in the Appendix. Dissymmetry ratios were always close to 
unity, less than 1.03. These values confirmed the clarity of the solu- 
tions and substantiated the validity of the experimental procedure. 
Debye plots are shown in Fig. 4. 


Figure 5 shows that a substantial change in @cellar molecular 
weight occurs with change in pH. The values of M,, reported do not 
include water of hydration because the refractive index of the hy- 
drated water is very close to that of the solvent. However, as shown 
in Fig. 6, the second virial coefficient shows a significant decrease in 
value with increase in pH. This shows that the solvent-solute interac- 
tion is greater at low pH values, indicating more micellar hydration 
than in alkaline solution. Thus, both the aggregation number and 
amount of water bound per unit mass of surfactant are greater in 
acid solution. 


In interpreting these results the effect of pH upon water struc- 
ture is probably a critical factor. There is evidence that sodium 
and hydroxyl ions are structure-formers which thus increase the 
extent of water structure around the monomeric surfactant (16). 


8.6 


I 
al - 
E" 8.4 
- m 
Y 


u 
I 
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~~ 


2 6 
PH 


10 


Figure 3-Free energy of micellization at 25" as a function ofpH. 
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Figure 4-Debye plots. Key: pH 2.1, 0; pH 5.2, A ;  pH 7.3, @; 
pH9.8, 0; atidpH 11.9,A. 


1 


Chloride ions, however, are considered to be structure-breakers. The 
observed values for entropy of micellization will, of course, be 
greatly dependent upon the extent of water structure around the 
monomeric surfactant, as well as the structure and order of the 
micelle. Since the micelle is hydrated to a greater extent in acid solu- 
tion, it is most likely that the palisade layer has a more open and 
flexible, and thus less ordered, structure than at high pH values. It is 
thus unlikely that the micelle in acid solution has a lower configura- 
tional entropy than that in alkaline solution since the structure of the 
hydrocarbon core is very probably independent of pH (12). This 
discussion is supported by the experimentally observed values of 
AS,, 5 e.u. at pH 2.1 and 18 em. at pH 12.1, the larger entropy 
change being provisionally assigned as due to the greater degree 
of water structure at higher pH. 


The enthalpy of micellization may be further resolved as shown in 
Eq. 6: 


AH, = AH,‘ -+ AHm2 


where AH,,’ is the enthalpy change associated with the hydrophobic 
part of the surfactant and AHmz is the enthalpy change associated 
with the head group.The difference in theestimatedAH,at pHvalues 
2.1 and 12.1 which are - 6.7 and - 3.4 kcal. mole-’, respectively, may 
therefore be expected to be due to several factors. Wurzshmitt (17) 
has suggested that nonionic surfactants are in fact weakly cationic in 
nature. The ionic nature of the head group and the extent of palisade 
layer hydration may thus be expected to be pH dependent. Since a 
greater amount of water structure is believed to exist around the 
surfactant molecules at high pH, the enthalpy change associated with 


(Eq. 6) 


I I 1 I 
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Figure 5-Change in micellar molecular weight of surfactant with 
pH at 25 ’. 


Table 111-Thermodynamic Parameters Controlling the 
Micellization 


AGm ASm 
kcal. AHm cal. mole-’ OK- 1 PH mole-’ kcal. mole-’ 


2 .1  
12.1 


8 . 2  
8 . 7  


6.7 
3 .4  


5 
18 


I I 


2 6 10 
PH 


Figure 6- Variation of second uiriul coefficient with pH. 


the destruction of this “iceberg sheath” (18) would be expected to be 
greater than at low pH values. However, the enthalpy values shown 
in Table 111 are greater at low pH. Thus the other factors involved 
must more than compensate for this effect. 


The reasons for the higher aggregation number at low pH cannot 
be precisely delineated at the present time. It may be that geometric 
limitations imposed by the differences in hydration with pH play a 
significant role. For a spherical micelle, changes in the hydration and 
thus in the size of the palisade layer must be accompanied by altera- 
tion in the aggregation number if the density of the hydrocarbon 
core is to remain constant. 


There is no reason to suppose that the nonionic surfactant in- 
vestigated in this study is unique of its type. It is therefore probable 
that other nonionic surfactants show similar significant changes in 
micellar properties with pH. Further work is necessary to see if the 
hypotheses outlined in this paper are of general applicability. In 
particular, information about the pH dependence of the interaction 
with drugs and the effect upon drug diffusion and transport is of 
considerable pharmaceutical relevance. 


APPENDIX 


The following computer program converts experimental light- 
scattering data into micellar molecular weights. The comment 
statement in the programs defines the symbols and explains the 
form of the imput data. 


Imput Data 
7 
436 
n .n327 
i .jj5000 
1.023 
0.490 0.221 0.109 0.0336 
5 4.85 4.73 4.70 4.72 4.78 0.0 
5 2.55 2.53 2.57 2.52 2.55 0.0 
1 0 0 0 0 0 0  
i n n n n o n  _ _ .  


0.0&063 
1.333657 0.005 
1.333788 0.006 
1.333920 0.007 
i.334051 0.008 
1.33418 0.009 
1.334314 0.010 
3 5.27 5.25 5.24 0 0 0 
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3 4.88 4.87 4.88 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
1 1 1 0.0336 


3 5.13 5.12 5.12 
3 4.00 4.00 3.99 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
1 1 1 0.0336 


3 5.25 5.23 5.22 
3 3.54 3.53 3.54 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
1 1 1 0.0336 


2 5.20 5.20 0 0 
2 5.00 5.00 0 0 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
0.490 1 0.109 1 


3 5.17 5.16 5.16 
3 4.43 4.43 4.42 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
0.490 1 0.109 1 
3 5.21 5.20 5.20 
3 4.08 4.07 4.07 
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
0.490 1 0.109 1 


0 0 0  


0 0 0  
0 0 0  


0 0 0  
0 0 0  


0 0  
0 0  


0 0 0  
0 0 0  


0 0 0  
0 0 0  


Program 


FMT. LIGHT SCATTERING ANALYSIS’ 
BEGIN 
REAL R,Q,K,KI,FS,FF,Z,T,P,H,Cl ,C2,F1 ,F2,F3,F4,FSI ,FS2, 


A,B,AA,AI,BI,CCMC,TS ‘ 
INTEGER W,M,I,L,NN,J‘ 


READ M’ 
BEGIN 


FS3,FS4, 


SWITCH S1: =LI‘ 


REAL ARRAY S(1:4),SUM(1:4),D,C,CM,N(l :M), 
G(1:4.1:6).GS(1:4.1:6)’ 


REAL PROCEDURE INNERPRODUCT (A,B,M,I)’ 
REAL A,B’ INTEGER M,I’ 
REGIN 


REAL SUM’ SUM: =0’ 
FOR I := l  STEP 1 UNTIL M DO SUM:=SUM+ 


(A*B)‘ 
INNERPRODUCT: = SUM’ 


END OF INNERPRODUCT PROCEDURE’ 
PROCEDURE F(X,Y,M,F,A,B)’ 
REAL ARRAY X,Y’ INTEGER M’ REAL F,A,B‘ 
BEGIN 


REAL XBAR,YBAR’ INTEGER I’ 
XBAR:=YBAR:=O’ FOR I :=l  STEP 1 UNTIL 


M no - - _ _  
BEGIN 


XBAR: =XBAR+X(I)’ 
YBAR: =YBAR+Y(I)’ 


END’ 
XBAR: =XBAR/M‘ YBAR: =YBAR/M‘ 
F: =(INNERPRODUCT(X(I) -XBAR,Y(I) - YBAR, 


M Il l /  ..-,-,,, 
(SQRT(INNERPRODUCT(X(1) -XBAR--(I) 


-XBAR.M.II* 
INNERPRODUCT(Y(1) - YBAR,Y(I) -YBAR,M,l)))’ 
A: =INNERPRODUCT(X(I) -XBAR,Y(I)-YBAR,M, 
I)/INNERPRODUCT(X(I) -XBAR.X(l) - XBAR.M.1)’ 
B’:=(INNERPRODUCT(~(I),~,M,I~* ’ ‘ 


INNERPRODUCT(X(II.Y(IlM.11- 
INNERPRODUCT(Y‘(I); I’M,IFINNERPRODUCT 


(X(WW,M,U)/ 
(INNERPRoDUCT(X(I),l,M,I)**2-M* 
INNERPRODUCT(X(I),X(I),M,I))’ 


END OF F PROCEDURE’ 


Fl,F2,F3,F4- FILTERS USED FOR SOLVENT-IF NO 
FILTER USED 


THEN PUT VALUE EQUAL TO 1 
NN- NUMBER OF GALVO READINGS FOLLOWED BY 


GALVO READINGS FOR EACH OF - - _  ~ _ _ _  _ _  
GS,GW,G45,G135,FOR SOLVENT-IF NUMBER OF 


READINGS LESS THAN 6 THEN ADD APPROPRIATE 
NUMBER OF ZEROS 


CCMC - CONCENTRATION AT CMC 
N- REFRACTIVE INDEX OF SOLUTION FOLLOWED BY 


CONCENTRATION C O F  
SOLUTION FOR EACH O F  THE M SOLUTIONS 
NN - NUMBER OF GALVO READINGS FOLLOWED BY 


GALVO READINGS 
FOR EACH O F  GS GW G45 G135 FOR SOLUTION 


FOLLOWED BY FILTERS 
USED (AS ABOVE) FOR EACH O F  THE M SOLUTIONS’ 
READ W,AA,N(M),R,Fl,F2,F3,F4’ C(M): =0’ 
IF W =436 THEN 0: = 1.25 ELSE I F  W = 546 THEN 0: = 1 41‘ - - 
K:=O*R*AA’ 
KI : =732* 3.142857 1 * * 3)/(3* W**4* 6.023* 10* *( - 5) ) ’  
FOR J: = 1 STEP 1 UNTIL 4 DO 
BEGIN 


READ NN’ S(J):=O’ 
FOR I: = 1 STEP 1 UNTIL 6 DO 
BEGIN ~ 


READ G(J,I)’ 
S,(J): =S(J)+G(J,I)‘ 


END 
S(J): =S1J)/NN’ END!‘ ’ ‘ ” 


FF: = FI*F2*F3*F4‘ TS: = K*N(M)*N(M)*FF*S( l)/S(2)’ 


FOR I: = 1 STEP 1 UNTIL M - 1 DO 
READ CCMC’ 


BEGIN 
READ N(I), C(1)’ 
CM(I):=C(I)-CCMC’ 


END’ 
F(C,G,M,Cl ,A,B)’ 
IF C l  LESSEQ 0.9 THEN 
BEGIN 


PRINT &NO CORRELATION?’ 
CTOTO I .I’ 


END-ELSE PRlNT FREEPOINT(S), S 
CORRELATION RI VERSUS C= ?,SAMELINE,CI ,2  
A1 = ?,SAMELINE,A,E BI = ?,SAMELINE,B’ 
FOR L : = l  STEP 1 UNTIL M-1 DO 
BEGIN SWITCH S2:=L2’ 


FOR I: = 1 STEP 1 UNTIL 4 DO 
BEGIN 


SUM(I): = 0’ READ NN’ 
FOR J :  = 1 STEP 1 UNTIL 6 DO 
BEGIN 


READ GS(1,J)‘ 
S,UM( I) : = SUM(1) +GS( 1,J)’ 


FNn 
I I  .- 
SUM(I):=SUM(I)/NN’ 


END‘ 
READ FSl ,FS2,FS3,FS4’ 
FS: - FSI*FS2*FS3*FS4’ 
IF G(3,1)=0 AND G(4,1)=0 AND GS(3,1)=0 AND 
GS(4.1) = 0 THEN GOTO L2 ELSE 
Z : = (FS* SUM(3)/SUM(2) - FF*S( 3)/S(2))/ 
(FS*SUM(4)/SUM(2)-FF*S(4)/S(2)) ’ 
L2 :P : = A*C(L) +B ‘ 
T : = K*P*FS*SUM(l)/SUM(2)’ T : = T - TS ’ 
I F  Z GREQ 0 .7  AND Z LESSEQ 1.3 THEN GOTO LI’ 


H : = (KI* P*P*(P-NiMII* * 2\k&L\*C(L\) 


F(CM,D,M- l,C2,AI,BI)’ 
PRINT FREEPOINT (5),E 
CORRELATION HCM/T VERSUS CM = ?. SAMELINE.C2.;E 
A2 = ?,SAMELINE,AI,k B2= ?,SAMELINE,BI’ PRINT k 
MOLECULAR WEIGHT = ?,SAMELINE,l/BI’ 
END ’ 
LI:END OF PROGRAM’ 


Data Output 


COMMENT DATA IS GIVEN IN FORM 
M- NUMBER OF SOLUTIONS INCLUDING SOLVENT AI= .13142BI = 1.3330 
W - WAVELENGTH 
AA- CONSTANT VARIABLE A A2= .00010B2= .ooOOl 
N(MI -REFRACTIVE INDEX OF SOLVENT 


CORRELATION RI VERSUS C = 1. oo00 


CORRELATION HCM/T VERSUS CM = .98405 


MOLECULAR WEIGHT = 121761.14 
R - RW/RC, CORRECTION FACTOR END O F  PROGRAM 
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DRUG STANDARDS 


Trifluoperazine Tablets: Alternative Methods of Analysis 


J. R. WATSON, FUMI MATSUI, and W. N. FRENCH 


Abstract Procedures utilizing a direct spectrophotometric 
measurement (such as described in the British Pharmacopoeia) for 
the analysis of trifluoperazine tablets suffer from several disad- 
vantages. The possibility of excipient interference is not precluded 
and this factor, coupled with use of a fixed reference absorptivity 
value, can sometimes lead to erroneous results. Therefore, alterna- 
tive assay procedures are required to assess accurately the 
drug content. Two such methods are described. The first is the 
acid-dye type and involves the partitioning of a trifluoperazine- 
bromocresol purple complex between an aqueous buffer pH 6 and 
benzene containing 1 2  isoamyl alcohol and subsequent measure- 
ment of the yellow-colored organic phase at 410 mp. Acidic and 
neutral compounds as well as the common excipients do not inter- 
fere. The second method employs an alkaline siliceous earth column 
through which the drug is eluted into a chloroform-methanol- 
HCI system and the absorbance measured at 259 mp. The precision 
and accuracy of the alternative methods, as well as the pharma- 
copeial procedure are compared using commercial dosage forms 
and simulated drug-excipient mixtures. 


Keyphrases (7 Trifluoperazine tablets-analyses 0 Acid-dye 
method-trifluoperazine analysis 0 Column chromatography- 
analysis 0 UV spectrophotometry-analysis Colorimetric 
analysis-spectrop hotometer 


The current BP method for the analysis of trifluopera- 
zine hydrochloride tablets (1) involves dissolution of an 
aliquot sample of 20 powdered tablets and direct 


spectrophotometric measurement of the filtrate at 256 
mp using a fixed reference absorptivity value. Although 
the method is satisfactory in most cases, it suffers from 
the disadvantage of possible interference from excipi- 
ents and also from both inter- and intrainstrumental 
variations. The latter variations may be considerable 
(2, 3) and introduce unsuspected error into the assay. 
Therefore, alternative assay procedures which are 
relatively free from interference and instrumental 
variation are required on occasion for products with 
assay results that are suspect by the pharmacopeial 
method. 


While several methods have been reported in the 
literature as general procedures suitable for the analysis 
of piperazinyl phenothiazine drugs in pharmaceutical 
dosage forms and in biological media, there are virtually 
no data on their direct application to  the analysis of 
trifluoperazine hydrochloride tablets. Blazek and Mares 
(4) determined drugs of the piperazinyl phenothiazine 
type gravimetrically by precipitation with silicotungstic 
acid or by electrochemical titration against the same 
reagent. Other electrochemical methods include con- 
trolled-potential coulometric analysis (5) and polar- 
ography (6), the latter being reported as having an ac- 
curacy of f 5 % when applied to trifluoperazine hydro- 
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The book is replete with references. Also appended is a list of 
reference standards (six enzymes and three substrates) available 
from the Commission. 


agents and products must be sought elsewhere. The British book 
will not replace the present excellent reference source, “Clinical 
Toxicology of Commercial Products” published by The Williams & 
Wilkins Company, Baltimore, Md., but may help to supplement 


Reuiewed by A. J. Vazakas portions of it. 
Johnson & Johnson 
New Brunswick, NJ 08903 8 Reviewed by John Autian 


Materials Science Toxicology Laboratories 
College of Pharmacy & College of Dentistry 
Uniuersity of Tennessee Medical Units 
Memphis, TN 38103 


British Medical Bulletin: Control of Human Fertility. Vol. 26, No. 1. 
Edited by G. I. M. SWYER. Medical Department, The British 
Council, 97 & 99 Park St., London, England, 1970. i + 97 pp. 
22 X 28.5 cm. Price $6.50. 
This issue contains papers on various aspects of human fertility 


contributed by a rather impressive list of investigators. This compila- 
tion takes a multidisciplinary approach with several papers dis- 
cussing the relative health hazards of various kinds of contraceptive 
methods, 


The papers are, for the most part, written to put the particular 
topic into a historical context, present the developments and status 
of the research, and provide some comments on the future direc- 
tions to be taken. This particular issue should be of interest not only 
to scientists actively working within this field, but also to those who 
are interested in a technical state-of-the-art review. 


Staff Review 8 


Clinical Toxicology. Second Edition. Edited by C. J. POLSON and 
R. N. TA~TERSALL. J.  B. Lippincott Co., Philadelphia, PA 19105, 
1969. x + 655 pp. 14.5 X 22.2 cm. Price $18.50. 
The growing interest in toxicology in colleges of pharmacy as 


well as by pharmacists as a whole will require greater attention 
being given to texts and references on the subject than presently 
available. Publication of the second edition of the British text 
“Clinical Toxicology,” offers some help to the teacher and student. 
As a text for American students it suffers from the inclusion of 
repeated references to medical-legal rules and interpretations which 
are quite appropriate for British students but extraneous and 
perhaps confusing to our students. The authors, however, have 
made it clear that the book is intended primarily for physicians 
who are in need of general and specific information on the clinical 
manifestations, treatment, and prognosis of cases of poisoning. In 
this respect, it can also be valuable to the pharmacist as a source 
book of clinical toxicology. The book is extremely easy to read and 
gets directly to the practical aspects of toxicity of compounds and 
products. Further interest is generated by including illustrative 
cases of poisoning which helps orient the reader to the effect of a 
particular substance ingested by a person. The authors do not try 
to cram volumes of information on a specific compound but include 
sufficient information which may be of extreme importance in 
diagnosing and treating a poisoned patient. 


“Clinical Toxicology” is divided into two parts. The first and the 
shorter portion of the book deals with the general considerations of 
poisoning while the second, and in essence, the bulk of the book, 
reviews the individual substances generally as separate short 
chapters. The book can be recommended for pharmacists and 
physicians but only as an added source of information. As with 
most texts on clinical toxicology, information on toxicity of newer 


Review of Biochemistry. By NATHAN H. SLOANE and J. LYNDAL 
YORK. Macmillan Co., 866 Third Ave., New York, NY 10022, 
1969. ix + 278 pp. 18 X 26 cm. Price: $9.95, hardbound; $6.95, 
paperbound. 
This outline review of biochemistry prepared by Nathan H. 


Sloane, Professor of Biochemistry, University of Tennessee Medical 
Units, and J. Lyndal York, Associate Professor of Biochemistry, 
University of Arkansas School of Medicine, is aimed at presenting 
modern biochemistry in a concise, practical form covering funda- 
mentals applicable to the health professions. 


The authors emphasize in the Preface that this book .‘. . . is not a 
text; rather, it can be used to greatest advantage in conjunction with 
lecture material and assigned reading in textbooks and periodicals.” 


The outline form which is used throughout the book allows the 
reader to scan a great deal of information with minimum effort. 


The book surveys biochemical methods and physiochemical 
principles as well as including chapters on the cell, amino acids and 
peptides, proteins, and enzymes. Three chapters deal with carbo- 
hydrate metabolism and chemistry. The metabolism of lipids, 
amino acids, and nucleic acids is covered. In the concluding chap- 
ters, aspects of genetics, hemoglobin, renal function, and vitamins 
are among the topics discussed. 


Staff Review 


Neurophysiological and Behavioral Aspects of Psychotropic Drugs. 
Edited by A. G. KARCZMAR and W. P. KOELLA. Charles C 
Thomas, 301-327 East Lawrence Ave., Springfield, IL 62703, 
1969. xviii + 199 pp. 17.5 X 25.5 cm. Price $12.50. 
This book is based on reports developed by several study groups 


of the American College of Neuropsychopharmacology in 1966. 
These reports were expanded and updated through 1968 before 
publication. 


The work presented in this volume represents the efforts of two 
particular groups. The first one studied the biological effects of 
pharmaceutical agents-neurophysiological aspects, with five chap- 
ters being devoted to various aspects of that topic including several 
papers on LSD responses and behavioral changes. 


The other major portion of the book contains the reports of the 
second group which focused on the effects of drugs on chemistry, 
learning, and memory. 


The editors of this book have attempted to compile information 
from various disciplines and sources related to this topic into one 
volume which is relatively specific and current. 


Staff Reuiew 8 
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Microelectrophoresis and Adsorption Studies of Cholesterol 
Particles in Bile Salt and Alkyl Surfactant Systems 


DANIEL MUFSON* and WILLIAM I. HIGUCHI 


Abstract 0 As part of a continuing program to understand better 
the behavior of cholesterol particles in physiological situations, an 
investigation of the interactions of the cholesterol surface with 
bile salts and alkyl surfactants was undertaken. Microelectro- 
phoretic techniques and adsorption experiments were employed to 
characterize the adsorption behavior of these agents. In contrast 
to the alkyl surfactants, the adsorption of bile salts on the cholesterol 
particle surfaces was much less than expected in the concentration 
ranges investigated. These results were initially surprising in light of 
earlier studies where bilesalts were found to inhibit greatly the growth 
of cholesterol crystals. However, the present data are consistent with 
the idea that the relatively rigid bile salt molecules can adsorb only 
onto specific sites on the cholesterol surfaces while the more flexible 
alkyl surfactants can more readily interact. 


Keyphrases 0 Cholesterol surface, interaction-bile salts, alkyl 
surfactants 0 Electrophoretic mobility-cholesterol particles 0 
pHmobility profiles-cholesterol dispersions Microelectro- 
phoresis--cholesterol-bile salts, surfactant interactions Adsorp- 
tion studies-cholesterol-bile salts, surfactant interactions 


Cholesterol has been implicated as the cause of many 
diseases, from atherosclerosis to xanthomatoses. While 
intensive research has been directed toward the under- 
standing of the role cholesterol plays in these disease 
states, most of it is of a biological or clinical nature. 
There is surprisingly little reported work on the quanti- 
tative physical chemistry of these systems. For example, 
even the water solubility of cholesterol was an unknown 
quantity until recently (1). It, therefore, seems that in 
uitro physical-chemical investigations could be used to 
advantage to solve some of the very pressing problems of 
cholesterol deposition, namely, gallstone formation and 
at her osclerosis. 


Cholesterol levels in the body are the results of ab- 
sorption and synthesis on the one hand and excretion on 
the other. Removal occurs almost exclusively in the 
feces uia the gallbladder. The cholesterol being virtually 
insoluble in water must be rendered soluble for re- 
moval. This function is normally performed by the bile. 
However, the pathological condition in which choles- 
terol deposits in the gallbladder, cholelithiasis, is wide- 
spread; surgical removal of gallstones is one of the 
most common operations performed today (2). Gall- 
stone operations today outnumber appendectomies (3). 
A recent study showed that 59.6% of the women and 
41.5% of the men (aged 60 to 100) exhibited gallstones 
at autopsy (4). “As more people live to develop biliary 
disease at an older age, surgeons can expect to see and 
treat an increasing number of patients with difficult 


I Systematic nomenclature for compounds given trivial names in the 
text includes: cholest-5-en-38-01, cholesterol; 3a,7a,lZa-trihydroxy-5@- 
cholanoyl glycine, glycocholic acid; 3~~,l2~~-dihydroxy-5~-cholanoyI 
glycine, glycodeoxycholic acid; 3a,7a,l2a-trihydroxy-5~-cholanoyl 
taurine, taurocholic acid ; 3a,7a, 12a-trihydroxy-5~-cholanoic acid, cholic 
acid. 


biliary problems, complicated by all the other medical 
problems common to older patients.” (5) 


The mechanisms leading to the formation of gall- 
stones are imperfectly understood. This is due in part to 
the many conflicting reports which are to be found in the 
literature. Bile is a supersaturated solution of choles- 
terol. Factors responsible for increasing cholesterol’s 
concentration in the gallbladder bile may lead to its 
precipitation as stones (6). Stones will show almost 
infinite variation in their composition, appearance, and 
physical properties, dependent upon the factors involved 
in their formation (7). Stasis of the bile, pH changes, 
irritation, coagulation, infection, and the bile salt- 
phospholipid-cholesterol ratio are some of the factors 
intimated in the cholesterol deposition process. These 
factors often interact to produce stone formation. For 
example, infection can produce a change in pH and 
irritation of the gallbladder wall. This may allow the ab- 
sorption of a significant amount of bile salt through the 
gallbladder wall, seriously affecting the bile salt- 
cholesterol ratio. The high energy of the supersaturated 
system is then relieved by the precipitation of choles- 
terol. 


Stones have been found during surgery (8) which sug- 
gested that they were formed by the aggregation of 
smaller spherical particles of cholesterol. Frey et al. (9) 
have observed clusters of cholesterol crystals in the gall- 
bladders of mice fed a lithogenic diet. Thus it appears 
that in the later stages of stone formation, aggregation of 
cholesterol particles plays an important role. 


There have been physical-chemical studies concerned 
with the interactions of bile salts and cholesterol in 
micellar solutions (10-12), at interfaces (13), and at 
crystalline surfaces (14, 15). 


Saad and Higuchi approached the problem from the 
point of view of cholesterol crystal growth. The influence 
of cholate, taurocholate, and glycocholate on the pre- 
cipitation behavior of cholesterol in aqueous media was 
investigated as a function of pH (14). The Coulter 
counter was utilized to follow the particle-size distribu- 
tion changes with time in the supersaturated and under- 
saturated cholesterol suspension systems. With increas- 
ing pH, the rates of growth and dissolution became pro- 
gressively retarded, with complete inhibition of these 
processes at pH 8 and higher. The bile salts seemed to 
exhibit specificity of action which suggested strong bind- 
ing to  specific sites on the cholesterol crystal surface. 
Conventional long-chain surfactants, sodium dodecyl 
sulfate and myristyl-y-picolinium chloride, at 1 con- 
centration had no effect on the crystal growth rate. 


Although surgical observations have suggested ag- 
gregation of cholesterol crystals as a mechanism for gall- 
stone growth, this aspect has not been pursued from a 
colloidal-chemical point of view. It would seem that 
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Figure I-Histograms of the velocity distribution of cholesterol 
particles in IG+ M NaCl (time required to traoel 0.5 division of 
Zeta-Meter eyepiece): ( I ) ,  Experimenter 1; (2), Experimenter I I ;  (3),  
Experimenter II(4-day-old sample); and (4), summation o fA ,  B,and C .  


such a study of the interfacial chemistry of the crystalline 
cholesterol-bile salt system should be helpful. An in- 
vestigation of this nature might yield information con- 
cerning the etiology and prophylaxis of cholelithiasis. 


Microelectrophoresis can be used as a valuable tool to 
measure interactions at the liquid-solid interface (16- 
18). Investigations of cholesterol dispersions by micro- 
electrophoretic techniques have been performed. In 1930, 
Remezov published a voluminous work on the physical- 
chemical properties of the colloidal state of cholesterol, 
cholesterol esters, and lecithin (19-23). It is difficult to 
interpret and correlate his procedures and data. Moyer 
(24) found Remezov's directions for sol preparation to  
be too general to reproduce. Douglas and Shaw (25) 
studied the effect of pH on the electrophoretic mobility 


of cholesterol, finding a substantial increase in mobility 
as the pH was raised. Seaman investigated the effects of 
pH and salts on the mobility of cholesterol particles 


In the present studies, the effects of both bile salts and 
alkyl surfactants on the electrophoretic mobility of 
cholesterol particles have been determined. Adsorption 
studies on the same systems were used to complement 
this data and to allow explanation of some of the phe- 
nomena observed. 


(26). 


EXPERIMENTAL 


General Considerations-Because the goal of this study was to 
monitor and interpret the surface properties of cholesterol particles 
in aqueous media, the presence of minute impurities and the manner 
of preparation of the dispersant were expected to be important. 
Cholesterol is known to be unstable towards light, heat, and other 
radiation in the presence of air. Until the advent of thin-layer chro- 
matography, the widespread nature of cholesterol's autoxidation 
was not realized (27). Many products are produced during autoxida- 
tion, almost all of which are more polar than cholesterol. Oxidation 
of cholesterol in the presence of UV light has been reported to  
produce acids of unknown structure (28,29). 


The purity of experimental materials is always of importance in 
studies of surface properties (30-32). The cholesterol dispersions of 
some earlier investigations had shown a pH-mobility dependency. 
This is surprising in light of the nonionogenic nature of cholesterol. 
The effect of pH on the mobility of cholesterol dispersions of varying 
purity was therefore initiated prior to the studies of the cholesterol- 
surfactant systems. 


Materials-Purified cholesterol was prepared by subjecting 
commercial cholesterol (Fisher Scientific Co. and Eastman Organic 
Chemicals) to the dibromination purification procedure of Fieser 
(33). Upon the termination of this method, the sample was further 
recrystallized from ether-methanol, ether-ethanol, and ethanol- 
water. The purified crystalline sample (m.p. 150") was stored in a 
refrigerator under nitrogen. It was found by TLC to be homogeneous. 
The carbon-hydrogen analysis of this material agreed well with 
theory: theoretical C, 83.37; H, 12.03; observed C, 84.04; H, 11.99. 


The IR spectraZ of this sample, run in CHC13, agreed with those in 
the literature (34-36). 


Distilled water of <2 pmho specific conductance was employed in 
all studies. 


All inorganic salts were of analytical reagent quality. Most of the 
organic additives were used as received unless otherwise noted; n-oc- 
tanol (Fisher Scientific Co.), sodium taurocholate (Mann Research 
Laboratories, Inc., New York, N. Y., and Calbiochem, Los Angeles, 
Calif.), sodium cholate (Mann special enzyme grade), cholic acid 
(Eastman), sodium glycocholate [Caibiochem (A grade)], sodium 
glycodeoxycholate [Calbiochem (A grade)], sodium dodecyl sulfate- 
36S (Nuclear-Chicago Corp., Des Plaines, Ill.), sodium dodecyl 
sulfate (supplied by Dr. K. J. Mysels), cholic-~arboxyl-~~C acid 
(Tracerlab, Waltham, Mass.), naphthalene A.R. (J. T. Baker Chem- 
ical Co., Phillipsburg, N. J.), 2,S-diphenyloxazole (PPO) (Packard 
Instrument Co., lnc., Downers Grove, Ill.), ~ c t a n o l - ~ ~ C  (ICN, 
City of Industry, Calif.). 


Buffers used were prepared by titration of the appropriate com- 
ponents in a beaker. The pH was monitored with a Corning model 
7 pH meter.3 Buffers were stored under refrigeration to retard mold 
growth. Sodium acetate, 1.0 N,  was added to 10-3 M acetic acid to 
produce pH 5 buffer. A pH 6.8 stock buffer was made by dissolving 
0.340 g. of potassium phosphate (KH2P04) and 0.254 g. of sodium 
phosphate dibasic anhydrous (Na2HP04) in enough water to make 
100 ml. One milliliter of this stock buffer was used for each 100 ml. of 
dispersion. Sodium hydroxide (0.1 N )  was added to M boric acid 
to produce the pH 9 buffer and to 10-4 Msodium borate to produce 
the pH 11 buffer. 


Preparation of Dispersions for Microelectrophoresis-Dispersions 
of cholesterol far microelectrophoretic evaluation were prepared 


2 Perkin-Elmer model 337, Norwalk, Conn. 
3 Corning Glass Works, Corning, N .  Y. 
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Figure 2-The pH-mobility profile of cholesterol (bars represent 
f 1.96 u of thepopulation). 


by dilution of concentrated stock dispersions or by precipitation in 
situ. 


Stock Dispersion-To prepare 100 ml. of 0.5% w/v dispersion, 
500 mg. of the purified cholesterol was first dissolved in 10 ml. of hot 
ethanol. This solution was subjected to  ultrasonic irradiation as 10 
ml. of water was quickly added. Irradiation was continued for 30 
sec. The resultant dispersion was then added to  80 ml. of water, 
ultrasonified for 30 sec., treated with nitrogen, and stored in the 
dark. Twenty-four hours was allowed to elapse before this material 
was used. Two milliliters of this stock was used to prepare 100 ml. 
of dispersion containing 0.01 cholesterol. The system was ultra- 
sonified prior to use to disperse any aggregates which may have 
formed. 
fn Si tu  Precipitation-Enough purified cholesterol was dissolved 


in ethanol so that 1 ml. of this solution yielded a 0.01 dispersion 
when properly reacted; 1 ml. of water was added to an equal quan- 
tity of the alcoholic solution. Ultrasonic energy was supplied during 
mixing. To this dispersion were added the other components of the 
study, i.e., sodium chloride, buffer, and test additive. 


Electrophoretic Mobility Measurements-The electrophoretic 
mobility of individual particles was measured by the use of a com- 
mercial microelectrophoresis apparatus, the Zeta-Meter. Descrip- 
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Figure 3-Concentration-mobility profile of the dodecyl 
chloride-cholesterol (0) and the sodium dodecyl sulfate- 
(.) systems. 
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The units of electrophoretic mobility are micron/sec. per volt/cm. 
Since it is awkward to constantly restate these units, the use of the 
electrophoretic mobility unit, e.m.u., is proposed; 1 e.m.u. = 1 (micron- 
cm.)/(volt-sec). 
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Figure &Concentration-mobility profile of cholesterol-bile salt 
systems: cholate (o), taurocholate (a), glycocholate (A), glyco- 
deoxycholate (0), at pH 6.8. 


tions of the apparatus appeared recently (37,38) and will not be re- 
peated here. 


The mobility is determined by measuring the time required for a 
particle to move over a given distance under a known potential 
gradient. Twenty particles were observed per experiment. Riddick 
(39) has stated that : “In tracking colloids to determine average EM or 
zeta potential, one should select only particles which appear to  be 
migrating at very close to average velocity-scrupulously avoiding 
those which approach maxima or minima. However, some systems 
will show such extreme variation that selection of average velocity is 
difficult to impossible.” 


During the course of preliminary work, it was found that the 
mobility was dependent on location within the cell. As current is 
passed through the cell, oxidation and reduction take place at the 
appropriate electrodes. It is then possible for these products to 
migrate in the cell. The concentration of these materials will be 
highest in the region of the cell closest to the ends. It is for this reason 
that all electrophoretic mobility readings were made in the center of 
the cell. Furthermore, that portion of a sample under investigation 
that had been used for a mobility measurement was discarded after 
use. The cell was then thoroughly cleaned and wiped. 


All mobility measurements were made at 25 f 2” unless other- 
wise stated. Mobility readings were conducted within 72 hr. of 
sample preparation. Twenty-four hours was allowed for equilibra- 
tion between cholesterol and the test additives. Electrophoresis sys- 
tems containing organic liquids, i.e., n-octanol, were examined in the 
glass electrophoresis cell. Earlier tests had shown the glass and 
plastic cells to yield similar data. 


Adsorption Studies-The protocol for adsorption studies was as 
follows: buffer, sodium chloride, and adsorbate wereadded to 1.0 g. 
of cholesterol. The complete adsorption system was shaken on a 
Burrell shaker at 25 & 2”. One-milliliter aliquots were withdrawn 
after the suspensions had been filtered through silver membrane 
filters6 (1.2 p). The 1.0-ml. aliquot was placed into glass scintillation 
vials containing a dioxane “cocktail” (naphthalene and PPO). The 
number of counts per minute (c.p.m.) was determined in a Beckman 
liquid scintillation system.6 


The cholesterol used for all adsorption studies was prepared by 
the recrystallization of commercial cholesterol, twice from ethanol 
and once from ethanol-water. The suspensions used for the adsorp- 
tion studies were prepared by the following method. The recrystal- 
lized cholesterol which had been dried under vacuum was ground in 
a porcelain mortar. One-gram samples were placed in flasks. The 
other components of the adsorption system were then added. Grind- 
ing was shown not to  affect the adsorption properties of the choles- 
terol. 


Throughout all experiments, electrophoretic and adsorption, 
unless specifically noted otherwise, the ionic strength was main- 
tained at a constant level with 10-2 M NaCl. 


RESULTS AND DISCUSSION 


Baseline pH-Mobility Profiles-The distributions of particle 
velocities in a typical cholesterol dispersion are given in Fig. 1. 


6 Selas Flotronics, Spring House, Pa. 
Beckman Instruments, Inc., Fullerton, Calif. 
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Figure 5-The adsorption isotherm of sodium dodecyl sulfate (a) 
and sodium cholate (0) on cholesterol. 


Note that the average velocities are quite similar, yet the distribu- 
tions are broad, and in agreement with the observations of Seaman 
(26) who found the mobilities of alcohol-precipitated cholesterol 
particles in a given batch to exhibit considerable scatter. Electro- 
phoretic data reported in the literature usually signify the average 
mobility of 20 particles in a single experiment. Due to the broad 
distributions encountered in the cholesterol system, it was decided to  
repeat each experiment several times and record the mean of the 
mean mobilities. (The standard deviation was generally 6 0.5.) 


Figure 2 shows the influence of pH on the electrophoretic mo- 
bility. As can be seen, there appeared to be little or no influence of 
buffer concentration upon the mobility at constant pH. It is of 
interest to  compare these results with those of Seaman (26), Moyer 
(241, and Douglas and Shaw (25). At high pH’s, Douglas and Shaw 
found e.m.u. values as high as -5. These are contradictory to the 
authors’ results and to those of Seaman. The large mobility ob- 
served by Douglas and Shaw may have been related to the presence 
of oxidation products of cholesterol. Aging and heating of choles- 
terol were found to increase the pH-mobility dependence of choles- 
terol (40). 


Effects of Bile Salts and of Alkyl Surfactants on the Electrophoretic 
Mobility of Cholesterol Particles-Figure 3 shows the concentra- 
tion-mobility profiles for cholesterol particles in the sodium dodecyl 
sulfate-cholesterol and the dodecyl pyridinium chloride7-choles- 
terol systems for which substantial mobility dependencies upon con- 
centration were noted. Similar experiments with hexadecyl pyridinium 
chloride and dodecyltrimethylammonium bromide showed that the 
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Figure 6-Concentration-mobility projile of cholesterol-sodium 
taurocholate systems at pH 6.8 showing the effect of purity of com- 
mercial samples: Sample A(0) and Sample B (m). 


Purified by extraction and recrystallization (41). 
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Figure 7-The effect of octanol (a), I k 3  M sodium cholate (a), 
and octanol-sodium cholate (A) on the pH-mobility profire of choles- 
terol (0). 


large concentration dependencies are typical of the alkyl surfac- 
tants. 


Figure 4 gives the concentration mobility profiles of cholesterol 
particles in bile salt systems. It is of interest to note that although 
these salts have different side chains and varying numbers of hy- 
droxyl groups on the four-ring nucleus, they all have similar concen- 
tration effects on electrophoretic mobility. This similarity might be 
related to the fact that although the hydrophilic portions are dif- 
ferent, the hydrophobic “backs” of all these bile salts are nearly the 
same (42). 


It was, however, surprising that the electrophoretic mobility pro- 
duced by all the bile salts remained rather small even at the highest 
bile salt concentrations. These results initially appeared contra- 
dictory to the earlier findings based upon the studies of cholesterol 
crystal growth inhibition by cholates which suggested strong interac- 
tion of bile salt anions with the cholesterol surface. However, as will 
be seen, these data are consistent with the idea that cholates may 
exhibit limited adsorption on cholesterol surfaces while conventional 
long-chain alkyl surfactants are able to adsorb more generally. 


Adsorption Studies-Figure 5 represents the data on the ad- 
sorption of sodium dodecyl sulfate and of sodium cholate from 
aqueous solutions onto cholesterol. Experiments at 1 X M 
cholate were not meaningful because of the large uncertainties in the 
calculated amounts adsorbed at high concentration. 


These results show that cholate reaches an adsorption plateau at 
around 10P M. This plateau is reached at the same concentration 
levels used previously in the Coulter counter studies of crystal 
growth inhibition. These results are also consistent with the micro- 
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Figure 8-The effect of octanol concentration on the adsorption of 
1 k 6  M sodium cholate on cholesterol (80% saturated octanol solu- 
tion signifies that 80 ml. of saturated solution has been added to an 
electrophoretic or adsorption system which contains a total of 100 mL). 







Table I-Effect of Octanol on the Mobility of the Sodium 
Taurocholate-Cholesterol and Sodium Dodecyl Sulfate- 
Cholesterol Systems at pH 6.8 


- e.m.u. 
~ ~~~~ 


Taurocholate (10-s M) 1.92 
4.44 


Sodium dodecyl sulfate (10-3 M) 6.86 
Sodium dodecyl sulfate (10-3 M) + octanol 7.22 
Sodium dodecyl sulfate (10- 4 M )  2.35 
Sodium dodecyl sulfate (10-4 M) + octanol 2.65 


Taurocholate (10-3 M )  + octanol 


electrophoretic data in which the bile salts showed very little change 
in effect on mobility over the range of concentrations studied. 


For sodium dodecyl sulfate, adsorption increased sharply between 
lop6 and lop4 M, and reference to Fig. 3 indicates that adsorption 
should continue to increase up to about M. Thus it appears that 
the adsorption plateau of sodium cholate occurs at a relatively low 
surface coverage and is consistent with the microelectrophoretic 
data present in Fig. 4. 


Influence of Octanol and Other Additives on the Adsorption Be- 
havior of Cholates-The low electrophoretic mobility of cholesterol 
particles in cholate solutions (Fig. 4) and the low extent of adsorp- 
tion of cholates onto cholesterol (Fig. 5) ,  in contrast to the behavior 
of the alkyl surfactants, suggested that cholates, probably because of 
their rigid nuclear structures, cannot be accommodated conveniently 
by all sites on cholesterol particle surfaces. This idea suggested that 
an investigation of the influence of additives upon the adsorption 
behavior of the cholates might be worthwhile, particularly in light of 
the observation that an unpurified sample of sodium taurocholate 
gave much higher limiting electrophoretic values than the purified 
sample (Fig. 6). 


Thus the influence of a large number of compounds upon the 
electrophoretic mobility of cholesterol particles in cholate solutions 
was investigated (40). It was found that only octanol substantially 
altered the electrophoretic behavior at 1 0 - 8  M cholate. As can be 
seen in Fig. 7, octanol did not increase theelectrophoretic mobility of 
the cholesterol particles. However, in combination with millimolar 
cholate, electrophoretic mobility values as large as those obtained 
with the alkyl surfactants were observed. It is noteworthy that the 
iduence of octanol upon the electrophoretic mobility was negligible 
at Mcholate. 


Experiments were also carried out to  determine the influence of 
octanol on the adsorption of cholate. However, due to large uncer- 
tainties, meaningful data were obtained only for cholate concentra- 
tions up to low4 M cholate. Figure 8 shows that at 10-6 M cholate, 
octanol actually reduced the adsorption of cholate upon the surface 
of cholesterol. Similar results were obtained at loe4 Mcholate. 


These findings suggest strongly that octanol is an inhibitor for 
cholate adsorption at low concentrations, but at high cholate concen- 
trations it is able to assist in the adsorption of cholate. At low cholate 
concentrations, octanol may compete withcholate for those sites that 
would normally accommodate cholate; at high cholate concentra- 
tions (> 


The extent of the mediation which occurs at the higher cholate 
concentration might be expected to be greatest in a system where 
both the adsorbent and the adsorbate are rigid molecules as in the 
case here. Indeed it was found (Table I) that octanol had rela- 
tively little effect upon the electrophoretic mobility of cholesterol 
particles in sodium dodecyl sulfate solutions. It is worthwhile to  
recognize that many biological situations can involve such “three 
body” interplay, e.g., cholesterol-protein interactions might be en- 
hanced by the presence of flexible lipid molecules. 
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Books 


REVIEWS 


Amphetamine Abuse. Edited by J. ROBERT Russo. Charles C 
Thomas, Springfield, IL  62703, 1968. xii + 159 pp. 16 X 23.5 
cm. Price 7.50. 
This 159-page book is made up of the edited papers of the first 


National Institute on Amphetamine Abuse which resulted from A 
Delinquency Study and Youth Development Project of Southern 
Illinois University. It was funded from a grant awarded by the Of- 
fice of Juvenile Delinquency and Youth Development, United 
States Department of Health. Education, and Welfare and held dur- 
ing February, 1966. One finds contained within this volume the vari- 
ous viewpoints of law enforcement? the drug industry, the sociolo- 
gist, the psychiatrist, and medical researcher, and finally the interest- 
ing experience of a young amphetamine abuser himself. 


Although no attempt was made to correlate the contradictions of 
opinions expressed. the book stands as a good example of the com- 
plex spectrum of this social problem. It covers the topics of use, mis- 
use and abuse : psychiatric implications ; violations; law enforce- 
ment problems; and the important role of education. 


The reviewer can onlk reiterate the cover leaf description of the 
book which states that an educator predictively recommends educa- 
tion as a preventative, a member of the Narcotics Bureau pleads for 
stronger laws and greater police freedom in enforcement and so on. 
Hence, this book represents a forum for viewpoints from the various 
establishments affected by the amphetamine abuse problem, but 
does not cogently and coherently express ways to solve the prob- 
lem. However, the book does clarify much confusion in this area, it 
provides some lines of communication and it will help provide some 
basis for future legal. medical. and moral decisions about ampheta- 
mine abuse. 


Recirwed by  Ara H. Der Marderosian 
Philudelpliia College of Pharmacy atid Science 
Pt~ilrrd~lphia. P A  19104 w 


as characteristics of patient, physician, treatment milieu, and non- 
treatment milieu. Examples of many nonspecific factors considered 
are attitudes of patient and physician (optimistic or pessimistic) 
toward drug treatment, personality characteristics of patients (or 
normals), duration as well as intensity of emotional disturbance 
being treated, and prior drug experiences. The relationship of such 
factors to side effects and paradoxical responses as well as to thera- 
peutic success of drug treatment is examined. 


Various nonspecific influences of psychological and sociocultural 
characteristics are discussed at length by several contributors in 
relation to the phenomena associated with placebo treatment 
including the controversial concept of “placebo reactors.” While 
one chapter emphasizes the significance or “power” of the placebo 
and our knowledge of its relative effectiveness according to the 
varied circumstances, another chapter emphasizes the lack of knowl- 
edge on the true incidence of the placebo reactions and on the 
longitudinal consistency of the supposed “placebo reactor” charac- 
teristic. Certainly all agree to the need for further clarification of 
placebo phenomena and for enlarged and enlightened use of 
placebos in clinical drug studies. 


Designed “to provide the reader with some of the latest findings 
and thoughts” in an interesting and significant area of psycho- 
pharmacology, the volume accomplishes this objective reasonably 
well. It will be most useful to those with some previous awareness 
of the subject and to those who will make use of the good selection 
of bibliographic citations included to pursue their interest among 
important earlier works. 


Reciewed b y  W. Marvin Davis 
School of Pliarmacy 
Departmetit of Pharmacology 
The Utiicersity of Mississippi 
Unicersity, M S  38677 w 


Non-Specific Factors in Drug Therapy. Edited by KARL RICKELS. 
Charles C. Thomas, 301-327 East Lawrence Ave., Springfield, 
11, 62703, 1968, xii + 149 pp. 16 X 23.5 cm. Price $7.75. 


This symposium volume is derived from a session of the 4th World 
Congress of Psychiatry held in 1966. Nonspecific (i.e., nondrug) 
factors are considered particularly as they relate both to pharma- 
cologic treatment of depressions, neuroses, and schizophrenia, and 
to the psychopharmacologic effects of various drugs in normal sub- 
jects. Major nonspecific variables affecting drug therapy are grouped 


Autoxidation of Hydrocarbons and Polyolefins: Kinetics and Mech- 
anisms. By LEO REICH and SALVATORE S .  STIVALA, Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 1969. xi + 527 
pp. 15.5 cm. X 23.5 cm. Price $29.75. 
This book deals primarily with the kinetics and mechanisms of 


hydrocarbon and polyolefin autoxidation. Following a brief account 
of some early historical developments, Chapter 1 gives a clear, con- 
cise treatment of the general kinetics of free radical reactions. 
Chapter 2 covers the autoxidation of hydrocarbons in the absence 
of inhibitors and accelerators while Chapters 3 and 4 deal with 
simple hydrocarbon autoxidation in the presence of antioxidants 
and metal catalysts, respectively. The topic of weak chemilumines- 
cence during hydrocarbon autoxidation is presented in Chapter 5, 
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and the qualitative and quantitative aspects of autoxidation of 
saturated polyolefins are dealt with in Chapters 6 and 7, respec- 
tively. The final chapter is devoted to the investigation of polyolefin 
autoxidation by various techniques. 


The arrangement and sequence of the subject matter is well 
organized and allows even the nonexpert to follow the kinetics 
without too much difficulty. There is an abundance of reaction rate 
equations which although essential for kinetic studies would appear 
to be overexcessive. There are also numerous chemical equations 
for the various autoxidation schemes. The problems given at the 
end of some chapters are adequate, being fairly difficult and of good 
variety and these should prove stimulating and challenging to the 
graduate student or research worker specializing in this field. 
However, I feel that answers to the numerical problems should 
have been provided and these would be most helpful to the student. 
The rate constants compiled in the various tables will prove to be 
a most useful feature to research workers in this field. The bibli- 
ography is up-to-date, covering the literature up to 1967. However, 
the inclusion of reference to private communication and unpub- 
lished work in a textbook is undesirable and meaningless. Several 
of the figures are very poorly drawn and detract from the quality 
of the book. The authors should have been able to reproduce the 
figures from the original papers. To sum up, the book can be highly 
recommended to the advanced graduate student and the specialist 
in this field who will find a wealth of material gathered together in 
a single book. 


Recirwed by Lucy S. C. Wan 
School of Pharmacy 
Unicersity of Singapore 
Sepoy Lines, Singapore 3 


Purification of Inorganic and Organic Materials : Techniques of 
Fractional Solidification. Edited by MORRIS ZIEF. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016,1969. XVII  + 318 
pp. 15x23 cm. Price $17.75. 
An earlier volume edited by Zief and Wilcox, entitled ’‘Frac- 


tional Solidification,” brought together for the first time the basic 
principles, apparatus, and applications of all types of solid-liquid 
processes associated with ultra-purification of chemical compounds. 
The volume here reviewed is a logical sequel inasmuch as it presents 
reliable methods for the preparation and analysis of such com- 
pounds. The choice of the methods presented admittedly reflects 
the interests of the author, however, they are described by experts 
in the respective areas and were chosen on the basis of originality, 
reproducibility, and adaptability to problems normally encoun- 
tered in the laboratory. Contributing authors represent a broad 
distribution of research laboratories, both foreign and domestic. 


Part I of the book concerns the description of analytical methods 
for ultra-pure compounds, including a variety of spectral tech- 
niques, thermal methods, electrochemical and gas-liquid chroma- 
tographic procedures. Part I1 describes in detail the most useful 
methods available for zone melting, progressive freezing and column 
crystallization. Particularly unique are the chapters describing rapid 
purification of organic compounds, purification in kilogram quanti- 
ties, zone melting chromatography, and the concentration of flavors 
at low temperature. 


As though in answer to the question of how one maintains the 
integrity of an ultrapure compound, Part 111 presents, in a single 
chapter, a discussion and tabulation of data concerning containers 
for pure substances. Quite interesting is the fact that polyfluoro- 
carbons compare most favorably with quartz and borosilicate as 
acceptable container materials. 


While they ought to be, at least for pharmacological evaluation 
and for reference standards, medicinal compounds are not subjected 
to ultrapurification. The book under review presents considera- 
tions which are applicable to some organic medicinal compounds, 
if and when it should be desirable to render them ultrapure. 


Reviewed by Paul J. Jannke 
College of Pharmacy 
University of Connecticut 
Storrs, CT 06268 
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Adrenergic Neurotransmission. (Study Group #33), Edited by G. E. 
w. WoLsTENHoLME and MAEVE O’CONNOR. Little, Brown and 
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Price DM 98,-. 
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and the qualitative and quantitative aspects of autoxidation of 
saturated polyolefins are dealt with in Chapters 6 and 7, respec- 
tively. The final chapter is devoted to the investigation of polyolefin 
autoxidation by various techniques. 


The arrangement and sequence of the subject matter is well 
organized and allows even the nonexpert to follow the kinetics 
without too much difficulty. There is an abundance of reaction rate 
equations which although essential for kinetic studies would appear 
to be overexcessive. There are also numerous chemical equations 
for the various autoxidation schemes. The problems given at the 
end of some chapters are adequate, being fairly difficult and of good 
variety and these should prove stimulating and challenging to the 
graduate student or research worker specializing in this field. 
However, I feel that answers to the numerical problems should 
have been provided and these would be most helpful to the student. 
The rate constants compiled in the various tables will prove to be 
a most useful feature to research workers in this field. The bibli- 
ography is up-to-date, covering the literature up to 1967. However, 
the inclusion of reference to private communication and unpub- 
lished work in a textbook is undesirable and meaningless. Several 
of the figures are very poorly drawn and detract from the quality 
of the book. The authors should have been able to reproduce the 
figures from the original papers. To sum up, the book can be highly 
recommended to the advanced graduate student and the specialist 
in this field who will find a wealth of material gathered together in 
a single book. 
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Purification of Inorganic and Organic Materials : Techniques of 
Fractional Solidification. Edited by MORRIS ZIEF. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016,1969. XVII  + 318 
pp. 15x23 cm. Price $17.75. 
An earlier volume edited by Zief and Wilcox, entitled ’‘Frac- 


tional Solidification,” brought together for the first time the basic 
principles, apparatus, and applications of all types of solid-liquid 
processes associated with ultra-purification of chemical compounds. 
The volume here reviewed is a logical sequel inasmuch as it presents 
reliable methods for the preparation and analysis of such com- 
pounds. The choice of the methods presented admittedly reflects 
the interests of the author, however, they are described by experts 
in the respective areas and were chosen on the basis of originality, 
reproducibility, and adaptability to problems normally encoun- 
tered in the laboratory. Contributing authors represent a broad 
distribution of research laboratories, both foreign and domestic. 


Part I of the book concerns the description of analytical methods 
for ultra-pure compounds, including a variety of spectral tech- 
niques, thermal methods, electrochemical and gas-liquid chroma- 
tographic procedures. Part I1 describes in detail the most useful 
methods available for zone melting, progressive freezing and column 
crystallization. Particularly unique are the chapters describing rapid 
purification of organic compounds, purification in kilogram quanti- 
ties, zone melting chromatography, and the concentration of flavors 
at low temperature. 


As though in answer to the question of how one maintains the 
integrity of an ultrapure compound, Part 111 presents, in a single 
chapter, a discussion and tabulation of data concerning containers 
for pure substances. Quite interesting is the fact that polyfluoro- 
carbons compare most favorably with quartz and borosilicate as 
acceptable container materials. 


While they ought to be, at least for pharmacological evaluation 
and for reference standards, medicinal compounds are not subjected 
to ultrapurification. The book under review presents considera- 
tions which are applicable to some organic medicinal compounds, 
if and when it should be desirable to render them ultrapure. 
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DRUG STANDARDS 


Trifluoperazine Tablets: Alternative Methods of Analysis 


J. R. WATSON, FUMI MATSUI, and W. N. FRENCH 


Abstract Procedures utilizing a direct spectrophotometric 
measurement (such as described in the British Pharmacopoeia) for 
the analysis of trifluoperazine tablets suffer from several disad- 
vantages. The possibility of excipient interference is not precluded 
and this factor, coupled with use of a fixed reference absorptivity 
value, can sometimes lead to erroneous results. Therefore, alterna- 
tive assay procedures are required to assess accurately the 
drug content. Two such methods are described. The first is the 
acid-dye type and involves the partitioning of a trifluoperazine- 
bromocresol purple complex between an aqueous buffer pH 6 and 
benzene containing 1 2  isoamyl alcohol and subsequent measure- 
ment of the yellow-colored organic phase at 410 mp. Acidic and 
neutral compounds as well as the common excipients do not inter- 
fere. The second method employs an alkaline siliceous earth column 
through which the drug is eluted into a chloroform-methanol- 
HCI system and the absorbance measured at 259 mp. The precision 
and accuracy of the alternative methods, as well as the pharma- 
copeial procedure are compared using commercial dosage forms 
and simulated drug-excipient mixtures. 


Keyphrases (7 Trifluoperazine tablets-analyses 0 Acid-dye 
method-trifluoperazine analysis 0 Column chromatography- 
analysis 0 UV spectrophotometry-analysis Colorimetric 
analysis-spectrop hotometer 


The current BP method for the analysis of trifluopera- 
zine hydrochloride tablets (1) involves dissolution of an 
aliquot sample of 20 powdered tablets and direct 


spectrophotometric measurement of the filtrate at 256 
mp using a fixed reference absorptivity value. Although 
the method is satisfactory in most cases, it suffers from 
the disadvantage of possible interference from excipi- 
ents and also from both inter- and intrainstrumental 
variations. The latter variations may be considerable 
(2, 3) and introduce unsuspected error into the assay. 
Therefore, alternative assay procedures which are 
relatively free from interference and instrumental 
variation are required on occasion for products with 
assay results that are suspect by the pharmacopeial 
method. 


While several methods have been reported in the 
literature as general procedures suitable for the analysis 
of piperazinyl phenothiazine drugs in pharmaceutical 
dosage forms and in biological media, there are virtually 
no data on their direct application to  the analysis of 
trifluoperazine hydrochloride tablets. Blazek and Mares 
(4) determined drugs of the piperazinyl phenothiazine 
type gravimetrically by precipitation with silicotungstic 
acid or by electrochemical titration against the same 
reagent. Other electrochemical methods include con- 
trolled-potential coulometric analysis (5) and polar- 
ography (6), the latter being reported as having an ac- 
curacy of f 5 % when applied to trifluoperazine hydro- 
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Table I-Analysis of Simulated Drug-Excipient Mixtures 


Simulated 
Mixture Recoverya- - 


No. Direct UVb Acid Dyec Columnd 


4 
5 
6 


102.9 I01 .o 101.6 
103.8 100.4 101.8 
104.3 100.8 loo. 1 
106.2 100.7 100.8 
107.2 loo. 1 100.5 
109.1 100.3 101.2 


~ ~ ~ 


a Each quoted value in a given row represents the average results of 
duplicate runs using the same stock solution. Maximum range for 
duplicates on each sample were: b 0.5 %, c 0.5 %, and d 0 . 6 z .  


chloride formulations. Quantitative paper chromatog- 
raphy involving colorimetric measurement at  610 mp 
of the complex formed between the drug and potas- 
sium iodoplatinate after elution from the chromatogram 
was applied to several of the phenothiazine-type drugs 
by Nadeau and Sobolewski (7). Piperazinyl pheno- 
thiazine compounds could be detected in submicrogram 
quantities by gas chromatography (8) and spectro- 
fluorometry (9), but these techniques have yet to be de- 
veloped into precise analytical methods. 


While the above procedures perhaps could be em- 
ployed in some instances for the analysis of trifluopera- 
zine hydrochloride tablets, in general they are not 
sufficiently rapid and accurate or else require the use of 
equipment which may not be readily available to the 
analyst. 


In the present study, two alternative assay procedures 
were considered. The first assay procedure is of the 
acid-dye type and involves the partitioning of a tri- 
fluoperazine-bromocresol purple complex between an 
aqueous buffer of pH 6 and benzene containing 1 %  
isoamyl alcohol, and subsequent measurement of the 
organic phase at 410 mp. The second method employs 
an alkaline-siliceous earth chromatographic column 
from which the drug is eluted with chloroform (10) 
and the absorbance measured at 259 mp. In addition, 
the use of ultrasonic energy was investigated as a rapid 
and convenient means to break up the solid dosage 
form and prepare the sample solution. 


In order to measure the accuracy and precision of 
each technique and to compare against the direct UV 
procedure (BP method), stock sample solutions were 
prepared using the ultrasonic disintegration apparatus 
and aliquots of the filtered solution treated simul- 
taneously by each of the assay procedures. 


EXPERIMENTAL 


A. Preparation of Sample Solutions-For each product ex- 
amined, 10 tablets were selected at random and the active ingredi- 
ent dissolved in a sufficient volume of 1 % (v/v) HCl to give a con- 
centration (based on label claim') of approximately 23.6 mg. of 
salt or the equivalent of 20 mg. of base per 100 ml. (i.e., 10 X I-mg. 
tablets in 50 ml, 10 X 2 mg. in 100 ml., 10 X 5 mg. in 250 ml., 
10 X 10 mg. in 500 ml., and 10 X 20 mg. in lo00 ml.). 


Disintegration of the tablets and dissolution of the drug were ac- 
complished with an ultrasonic probe of 1.27-cm. (0.5-in.) diameter 
(clamped in a vertical position, tip downward) powered by a 200-w. 


1 Tablets were labeled to contain trifluoperazine hydrochloride 
with the dosage level expressed as the equivalent amount of base. 


generator. A basket assembly constructed of stainless steel wire 
mesh (30 mesh), 5.08 cm. (2 in.) in length and internal diameter 
slightly larger than the probe, was used to hold each tablet in the 
area of maximum sonic energy emission. A small rod attached to 
the basket assembly served as an arm to hold the basket in place 
during insonation. 
In practice, each of the 10 tablets was insonated individually. The 


first tablet was placed in the wire basket assembly and the basket 
brought up over the probe so that the tablet came in contact with 
the tip. A beaker containing the appropriate amount of solvent 
was raised so that the basket was about half immersed. Ultrasonic 
energy was applied for 30 sec. at a power setting of 30% maximum 
with manual tuning for optimum output. This insonation process 
was repeated until all 10 tablets had been disintegrated. The result- 
ing suspension was stirred briefly and then filtered through a 25-mm. 
membrane filter of 0.45-g porosity (with a 1-mm. thick prefilter) 
using a 5-ml. syringe fitted with a continuous pipeting device. 
Aliquots of this solution after filtration were subsequently taken 
for analysis by the chromatographic column procedure, by direct 
UV measurement, and by the acid-dye technique. 


Simulated drug-excipient mixtures were prepared by adding 
10 ml. of a solution of trifluoperazine hydrochloride (accurately 
weighed and made up to a concentration of about 11.8 mg./lO 
ml. 1 % HCl) to 25 ml. of filtered solution prepared as above from 
insonation of placebos, and adjusting the volume to 50 ml. with 
1 % HCl (final concentration approximately 23.6 mg. salt/100 ml.). 
For each successive mixture (Table I), the number of placebos was 
increased to give about 9% overestimation with the direct UV 
procedure. 


B. Assay by Direct UV Measurement-An aliquot of the 
filtered sample solution prepared in Part A was diluted twentyfold 
with 1% HCI to give a concentration (based on label claim) of 
about 1.18 mg. of salt/100 ml. Dilution was facilitated by the use of 
an automatic dilutor3 adjusted for a diluent to sample solution 
ratio of 19: 1. The absorbance of the final solution was measured 
at 256 mp against a blank of 1 HCI. The average drug content per 
tablet was determined by comparison against the average absorp- 
tivity value obtained from three separate solutions containing tri- 
fluoperazine hydrochloride reference material. For each solution, 
about 50 mg. of standard (accurately weighed) was made to a 
volume of 250 mi. in 1 % HCl. A twentyfold dilution was made as 
described with the automatic dilutor. 


C. Assay by the .4cid-Dye Technique-Reagerz?s-(a) Buffer 
solution, pH 6.0 (Mcllvaine): 7.37 ml. of 0.1 M citric acid plus 
12.63 ml. of 0.2 M NasHPOa. (6) Bromocresol purple (BCP) in buffer 
solution: bromocresol purple dissolved in buffer solution of pH 
6.0 to give a concentration of 37.5 mg./100 ml. This solution was 
extracted with benzene containing 1 % isoamyl alcohol until the 
extract was virtually colorless. (c) Photometric solvent: benzene 
(A.R.) containing 1 


Procedurz-An aliquot of the filtered sample solution prepared 
in Part A was diluted tenfold with I % HCI to give a concentration 
(based on label claim) of about 118 mcg. of salt per 5 ml. A 5.0-ml. 
aliquot of this final solution was pipeted into a 42-ml. centrifuge 
tube along with 5.0 ml. of buffer pH 6,5.0 ml. of BCP solution, and 
10 ml. of photometric solvent (the latter dispensed from an auto- 
matic dispenser for convenience). The tube was stoppered and 
tumbled end-over-end for 5 min. in a device constructed to rotate 
15 tubes simultaneously at 100 r.p.m. (alternatively, the stoppered 
tubes may be shaken vigorously by hand for 1 min.). After mixing, 
the tube was centrifuged for 2 min.; then the clear supernatant was 
decanted carefully into a clean dry cell for measurement of absorb- 
ance at 410 mp against a blank prepared in the same manner using 
5 ml. of 1 HCI. At the same time, 5.0 ml. of standard reference 
solution containing approximately 120 mcg. of trifluoperazine 
hydrochloride (accurately determined from the initial weighing) 
was carried through the assay procedure. The average drug content 
per tablet was determined by comparison of the absorbance of the 
sample solution against that of the standard reference solution. 


D. Assay by the Alkaline-Siliceous Earth Column Procedure- 
Pretreatment of Diatomaceous Earth4-Acid-washed diatomaceous 
earth (100 g.) was placed in a 64 X 150-mm. medium-porosity 


isoamyl alcohol (A.R.) by volume. 


2 Blackstone Ultrasonics, model BP-2. 
3 Labindustries, Automatic Dilutor. 
4 Celite 545, Johns-Manville, New York, N. Y. 
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sintered-glass funnel and 1000-ml. portions of 1 : 1 hot (boiling) 
aqueous HC1 passed through with the aid of gentle suction. Five 
hundred milliliters of hot water was then passed through, followed by 
lo00 ml. of hot 1 N NaOH, 500 ml. of chloroform, and 1000 ml. of 
water. The treated diatomaceous earth was dried for 15 hr. at 110". 


Prepurution of Partition Columns-Six grams of the purified 
diatomaceous earth was mixed well with 2 ml. of 2 0 z  NaOH in a 
small beaker and the damp mass transferred to a 25 X 220-mm. 
glass column containing a pledget of glass wool at the base to sup- 
port the diatomaceous earth. The mixture was firmly tamped to 
produce a column free of air pockets and irregularities. 


Procedure-A 4.0-ml. aliquot of the filtered sample solution 
prepared in Part A was pipeted directly on the surface of the 
column and allowed to soak in. Water-washed chloroform (90 ml.) 
was then passed through the column and collected in a 100-ml. 
volumetric flask containing 8 ml. of methanol and 4 drops of 
concentrated HC1. The contents of the volumetric flask were made 
to volume with water-washed chloroform and the absorbance 
measured at 259 mp against a blank prepared in the same manner. 
The average drug content per tablet was determined by comparison 
against the absorptivity of a reference standard solution prepared 
in the same manner. 


RESULTS AND DISCUSSION 


Sample Preparation-Spectrophotometric analysis of drugs in a 
solid dosage form involves two main steps: the first is to effect 
quantitative dissolution of the active ingredient from the tablet 
matrix and the second is to prepare the solution in a suitable form 
(Le., clarity and concentration) for final measurement. The tech- 
niques used to achieve these goals ultimately govern the overall 
accuracy and precision of the method. 


The current pharmacopeial directive for extracting trifluoperazine 
hydrochloride from excipient material entails finely grinding 20 
weighed tablets and shaking an aliquot of the powder equivalent 
to about 5 mg. of the drug for 15 min. with 5 %  HCI. The mixture 
is then made up to a specified volume with the same solvent, mixed, 
filtered, and the absorbance measured at 256 mp. Several factors 
inherent to this type of sampling sequence tend to diminish the 
accuracy and precision of the analysis. First are the errors in 
weighing and those associated with mechanical loss and non- 
homogeneous grind. Tn some cases, there is the added problem of 
incomplete dissolution of the active drug because of insufficient 
particle breakup. The use of ultrasonic disintegration as a sampling 
tool not only precludes the above difficulties but is more rapid and 
less tedious than the conventional technique. The fact that 1 % 
HCl invariably gave the same assay results as 5 %  HCl, and be- 
cause the former acidity was more compatible with the require- 
ments of the acid-dye extraction method and the alkaline-siliceous 
earth column procedure, militated against the use of the stronger 
pharmacopeial solvent. Before adopting the ultrasonic technique 
for routine analytical use, it was necessary to establish its feasibility 
for the phenothiazine drugs in general and trifluoperazine in 
particular because there are several well-documented cases in the 
literature where the ultrasonic field induced chemical changes in 
the sonified material. For example, the rate of hydrolysis of aspirin 
was increased when the drug was subjected to ultrasound (11, 12). 
Skauen (1 3) has reviewed other instances where ultrasonic waves 
under certain conditions affected the chemical integrity of medic- 
inal compounds. Because of the lability of most compounds of the 
phenothiazine family, it was deemed essential to monitor the 
absence or presence of any destructive action on the trifluoperazine 
molecule associated with the high-energy emission from the probe. 
This was done by: (a) comparing the thin-layered chromatograms 
(14, 15) of powdered and sonified tablets; developing systems used 
were benzene-dioxane-aq. NH,(60 : 35 : 5 )  giving Rf = 0.69, and ii- 
BuOH saturated with 1 N NHa giving Rf = 0.51; in no instance 
were any spots found in the sonified material which were not present 
in the powdered sample; and (b) comparing the assay results using 
the shakeout procedure against those using the ultrasonic-disintegra- 
tion technique; within experimental error and content uniformity 
variations, these were in good agreement (usually within 2%). The 
data, therefore, gave no evidence to suggest any decomposition of 
any brand of trifluoperazine tablets resulting from exposure to ultra- 
sonic energy under the conditions employed. 


*-*-a- *-• 
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Figure 1-Effect of dye concentration on ubsorbance (uaryingquuntity 
of dye biitJixedcoticentratioti of drug). 


The official compendium does not specify the type of filtration in 
the monograph for trifluoperazine tablets. With certain formula- 
tions where gravity filtration through Whatman No. 2 paper was 
employed, the filtrate appeared as a fine opalescent suspension, a 
situation which could conceivably lead to erroneously high results 
despite subsequent dilution. While the use of finer porosity paper 
usually eliminated this difficulty, the filtration step became exces- 
sively time consuming and, as a result, the possibility of drug de- 
composition became an important consideration. Suction filtra- 
tion even through a thin pad of acid-washed diatomaceous earth 
was sometimes subject to clogging and was therefore not always 
satisfactory. Maximum clarity was readily achieved with the use of 
a membrane filter of micron-range porosity. 


Methods-Under the experimental conditions of sample prepara- 
tion, the effective dye concentration expressed as a molar ratio of 
dye to drug with the acid-dye technique was approximately 12:l. 
A plot of this ratio against absorbance is given in Fig. 1 .  With a 
fixed concentration of drug, in the case of trifluoperazine hydro- 
chloride, the optimum dye concentration expressed in moles of dye 
per mole of drug is restricted to a relatively narrow band be- 
tween 10 : I and 16 : 1. At lower ratios the color intensity was signif- 
icantly decreased and was more sensitive to small variations in 
dye concentration, while higher ratios (i.e., more concentrated dye 
solution) resulted in the formation of a precipitate. Beer's law was 
obeyed for drug concentrations in the range of 30 to 150 mcg./S 
ml. of sample solution. All solutions which were analyzed by the 
acid-dye technique in this study fell within this concentration 
range. 


The extent of partition of the drug-dye complex from an aqueous 
phase of given pH into the organic phase appears to be related to 
the molecular structure of the particular drug and dye. In the ideal 
situation, the pH values at which partition of the colored ion pair 
into the organic phase is a maximum and blank readings a minimum 
are coincident. This is rarely the case in practice but the pH should 
usually be kept as high as possible to prevent extraction of the 
sulfonic acid form of the dye into the organic layer. An optimum 


Table 11-Analysis of Commercial Dosage Forms 


Dosage 
Level, 
mg. 


Sample Manu- Base/ ----- of Label Claim'z---- 
No. facturer Tablet Direct UVh Acid Dyer Columnd 


I A 1 93.9 92.6 90.3 


6 D 1 96.9 98.0 95.7 
7 D I 9s. 1 95.1 93.4 
8 E 1 105.7 99.5 loo 4 
9 E 5 108.8 109.2 106.9 


a Each quoted value in a given row represents the average results of 
duplicate runs using the same stock solution. Maximum range for 
duplicates on each sample were: * 0.6%, c 0.8%, and d0.9%. 
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buffer pH of 6.0 was indicated for the trifluoperazine-bromocresol 
purple system. 


In the chromatographic method, the solvent system, methanol 
(8 ml.) containing concentrated hydrochloric acid (4 drops) and 
diluted to 100 ml. with water-washed chloroform, is completely 
transparent down to the cutoff point of 242 mp. In this solvent 
system, the absorption maximum for trifluoperazine is at 259 mp. 
Nine determinations of the absorptivity of trifluoperazine hydro- 
chloride following partition through the alkaline-siliceous earth 
column gave an average value of 59.80 with a coefficient of 
variation of 1 %. The commercial diatomaceous earth (see 
Foofnote 4) ,  which is often suitable as such for analysis by col- 
umn chromatography, in this instance gave blank readings which 
were high and variable (0.0724.114) and, as a consequence, was not 
satisfactory for use without further treatment. Washing with hy- 
drochloric acid, then consecutively with aqueous alkali and chloro- 
form to simulate the analytical conditions, led to almost total re- 
moval of UV-absorbing impurities and lowered the reference column 
absorbance values to  0.005 or less. This value, established by several 
replicate measurements on each treated batch of diatomaceous 
earth, was quite reproducible and was subtracted as a fixed quantity 
from the absorbance reading of each solution of the drug eluted 
from the column. 


Results-Studies on the extent of the quantitative interference 
by excipient substances encountered with the direct spectrophoto- 
metric procedure for four brands of trifluoperazine tablets showed 
that the absorbance contribution of the water-soluble coating 
materials is generally negligible with the higher dosage forms but 
is significant at the 1-mg. level where the dilution factor is less. 
With some of these tablets, the drug content can be overestimated 
by 2 . 5 z .  With placebos of Brand V, for example, an absorbance 
measurement equivalent to approximately 5 interference was 
observed. The soluble (in 1 %  HCl) coating materials of Brands 
I-IV, and the soluble excipient substances of the placebos of Brand 
V, however, gave zero absorbance on spectrophotometric analysis 
by either of the two alternative methods. 


To substantiate the validity of these results and to ascertain that 
complete drug recovery could be effected by the acid dye and the 
alkaline column procedures, several simulated drug-excipient mix- 
tures were prepared from a stock solution of trifluoperazine hydro- 
chloride and filtered excipient solutions made from sonification of 
placebos. The data in Table I clearly demonstrate that, as expected 
with the pharmacopeial method, the presence of excipient material 
in the simulated solutions resulted in varying levels of interference 
corresponding to the number of placebos employed, but that no 
detectable interference and essentially 100 % recovery were achieved 
with all six solutions by the two alternative procedures. 


Inspection of the results in Table I1 for nine commercial formula- 
tions shows that, where the extent of interference is about 2.5 % or 
less, the direct spectrophotometric method is of comparable ac- 
curacy to that of the two proposed procedures. For most of the lot 
numbers examined, the assay values are comparable for all three 
assay procedures, except in the case of sample No. 8 where the 
degree of overestimation was about 6% by the direct UV method. 


The above data underline the fact that with some trfiuoperazine 
tablet formulations, the pharmacopeial method can give erroneously 
high results, and in these instances where suspicious assay results 
are encountered, the two alternative procedures described herein 
should prove useful to assess accurately the drug content. 
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Dissolution of Poorly Water-Soluble Drugs I: Some Physical 
Parameters Related to Method of Micronization and Tablet 
Manufacture of a Quinazolinone Compound 


SAUL S. KORNBLUM and JEFFREY 0. HIRSCHORN 


Abstract 0 An investigation was conducted to analyze the dis- 
solution behavior of a poorly water-soluble drug. Two specific 
methods of micronization were employed which provided drug 
forms of different physical characteristics, specific surface area, and 
particle-size range. The drug, a quinazolinone compound, was 
micronized by employing spray drying and air attrition. The micron- 
sized drugs, pelletized pure drugs, and tablets prepared from same 
by direct compaction were subjected to dissolution-rate studies at 
pH 1.2 and 3. In vitro dissolution data obtained have demonstrated 
a significant variation for the pure spray-dried and air-attritioned 
drugs at pH 1.2, although physical specifications had suggested the 
contrary of that reported. The pure drug forms, when pelletized, 
resulted in elimination of the difference observed for dissolution 
rates with the pure drug powders. Dilution of the pure drugs with 
tablet excipients and subsequent direct compaction into tablets 
resulted in an improvement of dissolution behavior compared to 
that obtained with the pure drug forms. 


Keyphrases 0 Dissolution behavior-poorly water-soluble drugs 0 
1 - Isopropyl - 7 - methyl - 4 - phenylquinazolin - 2(1H) - one- 
dissolution 0 Micronization effect-poorly water-soluble drug 0 
Spray-drying effect-poorly water-soluble drug [7 Pellets, poorly 
water-soluble drug4issolution 


During the past decade, numerous publications have 
related biological availability data with the particle size 
of various drugs which are orally administered. The im- 
portance of the technological understanding and im- 
provement of the dissolution rate for poorly water-solu- 
ble drugs has been well documented (1). In vitro dissolu- 
tion-rate information has readily permitted distinction 
between different dosage forms containing the same 
drug with relationship to their gastrointestinal absorp- 
tion characteristics. Solubility rate of a substance has 
been quantified directly to surface area for nearly a 
century (2). Reduction to a smaller workable particle- 
size range for poorly water-soluble drugs has been the 
general practice during the past decade. The research 
pharmacist, when formulating a solid or liquid dosage 
form of an insoluble drug, has relied upon a variety of 
processes, i.e., grinding, air attrition, ball milling, and 
controlled precipitation, to obtain the ultimate in parti- 
cle-size reduction. Air attrition has gained the most 
widespread acceptance, which has led to the availability 
of a variety of fluid energy mills (3). 


A review article (1) was recently published which dealt 
in depth with particle size of drugs and its relationship 
to absorption and activity. Sulfadiazine, griseofulvin, and 
sulfaethidole (4-6) are a few of those compounds stud- 
ied in an effort to establish the clinical effect of reduced 
particle size. 


The twofold purpose of the present research was to 
study the dissolution behavior for a pure water-insolu- 
ble drug, which was micronized by spray-drying and 
air-attrition processes, with a compressed dosage form 
of the same, and to investigate the acceptability of spray 


drying as an alternative method for the preparation of 
micron-sized particles. Dissolution behavior has been 
compared for both physical forms with relationship to 
two different physical parameters: particle-size range and 
specific surface area. 


EXPERIMENTAL 


Spray-drying and air-attrition processes were selected for the 
manufacture of micron-sized particles of a poorly water-soluble 
drug. Spray drying appeared interesting to study in this instance, 
since it was thought that the process would impart certain desirable 
physical characteristics not typical of air-attritioned material such 
as unrestricted particle flow and ease of uniform dispersion of hydro- 
phobic particles in an aqueous system as well as the possible pres- 
ence of small holes in the spherical particles which would provide 
additional surface area. 


Materials-1 -1sopropyl-7-methyl-4- phenylquinazolin - 2(1 H)- one 
was synthesized in accordance with quality control standards for a 
pure drug.1 The drug chosen for this study is indicative of a hetero- 
cyclic nitrogen base which does not readily form salts except at 
extremely low pH. The saturation concentration of the spray-dried 
and air-attritioned drugs in distilled water with a pH 6.0 and after 
6-hr. exposurewas found to be 2.7 X moles/l. at 37" employinga 
rotational dissolution apparatus. Initially, the drug was twice passed 
through a laboratory hammer mill2 which utilized a plate with 1- 
mm. perforations. The drug was then micronized by air attrition, 
employing a conventional fluid energy mill.3 The micronized drug 
exhibited large particle aggregates which resulted from the high 
degree of surface energy developed by particle friction during pro- 
cessing. Additional drug from the same batch was used for prepar- 
ing material by a spray-drying process which is described in the next 
section. 


Spray-Drying Process-A 50-g. quantity of the quinazolinone 
compound was dissolved in 50 ml. chloroform, reagent grade, em- 
ploying mechanical stirring. Special denatured alcohol (Wx 
ethyl alcohol-10P7, methyl alcohol) was added to bring the solution 
to 125 ml. 


A portable laboratory spray dryer4 equipped with a centrifugal 
atomizing wheel, which functioned from air-turbine drive with a 
velocity of about 40,000 r.p.m., was employed in this study. The 
heated chamber of the spray dryer was maintained at 1W120" and 
the outlet temperature at 75-85". The drug solution was introduced 
to  the atomizing wheel by employing a Sigmamotor pump6 which 
was adjusted to a flow rate of 15 ml./min. A cyclone collector sepa- 
rated the spray-dried drug from the solvent system. The solvent was 
not recovered; however, if scale-up was considered, a solvent-recov- 
ery method could be designed. The micron-sized drugs were both 
stored in tightly closed glass containers. 


Physical Form and Particle-Size Range of the Pure Drug Forms- 
The particle-size range for the spray-dried and air-attritioned 
quinazolinone compounds was determined by a photomicroscopic 
method utilizing a grid graduated in microns. Observation of the 
photographs of the spray-dried drug depicted sphere-shaped amor- 
phous particles which ranged in diameter from 1 to 15 p. The irregu- 
lar crystalline fragments of the air-attritioned drug measured from 1 
to  5 p. 


1 Sandoz Pharmaceuticals, Chemical Development Dept., Hanover, 


2 Raymond Mill, Combustion Engineering Co., Chicago, Ill. 
3 Reductionizer, Reduction Engineering Corp., Newark, N. J. 
4 Nerco-Niro, distributed by Nichols Engineering and Research 


6 Sigmamotor, Inc., Middleport, N. Y. 


N. J. 


Corp., New York, N. Y. 


606 0 Journal of Pharmaceutical Sciences 







Specific Surface Area of the Pure Drug Forms-The spray-dried 
and air-attritioned quinazolinone compounds were subjected to the 
classical low-temperature adsorption Brunaner, Emmett, and Teller 
(B.E.T.) technique6 for specific surface area measurement. Krypton 
gas was used as the adsorbate. The method permitted sample outgas- 
sing to less than 1 p of pressure. One-gram samples of the spray-dried 
and air-attritioned materials were heated to 50' and outgassed for 8 
hr. to evacuate gasses and vapors acquired from exposure to the at- 
mosphere. The surface area analysis involved incremental gasvolume 
adsorption measurements which were made by accurately determin- 
ing the equilibrium pressure following the introduction of gas quan- 
tities into the system. The specific surface area was found to be 1.37 
m.2/g. for the spray-dried drug and 2.78 m.*/g. for the air-attri- 
tioned drug. 


Pellets of the Pure Drug Forms-A comparative study was 
designed to determine the effect on dissolution when the two pure 
drug forms were compressed into pellets. Fifty milligrams of the drug 
was compressed using a single station tablet press,? employing 6-mm. 
shallow-concavity punches. Each pellet was formed with a thickness 
that was maintained at 1.80 mm., which assured equivalent surface 
area for both materials tested. Although the hardness was measured 
as 3 kg. with an air-operated Strong-Cobb tester, the pellets did not 
fracture during the dissolution runs but remained intact with slow 
dissolution. 


Tablet Manufacture Employing Spray-Dried and Air-Attritioned 
Quinazolinone Compounds by Direct Compaction-The composition 
for tablets manufactured by direct compaction (D.C.) utilizing 
spray-dried and air-attritioned drugs are given in Table I. 


Direct Compaction Manufacturing Procedure-The ingredients 
listed in Table I were accurately weighed and passed through a No. 
20-mesh screen. The materials were transferred to a glass mortar and 
gently blended so that the drug's particle structure would not be 
altered. Then 160 mg. of the blended powders was placed into the die 
cavity of the single station tablet press and compressed, using 8-mm. 
flat, beveled-edge punches. The tablet hardness was maintained at 
6.5 + 0.5 kg. which was monitored by using a compressed air- 
operated Strong-Cobb tester. The tablet thickness was measured 
using a micrometer; each tablet employed in this study had to  
adhere to a measurement of 2.75 + 0.01 mm. This physical mea- 
surement assured compliance of each tablet to  the hardness range 
established for this study. The direct compacted tablets were sub- 
jected to the USP disintegration test and were found to  disintegrate 
within 25 + 5 sec. These tablets were formulated to give fast disin- 
tegration in an attempt to observe uninhibited drug dissolution. 
Tablet disintegration occurred with the rapid formation of discrete 
particles of drug-diluent which resulted from rupture of the tablet 
matrix. 


Dissolution Rate Analysis of the Pure Drugs, Pellets, and Tablets- 
The dissolution apparatus that was initially employed in this study 
was the beaker-stirrer method. The poor wetting property exhibited 
by the pure drug forms required selection of another method that 
would permit a more uniform contact of solvent and powders. The 
rotating-bottle method was found most suitable for attaining rea- 
sonably precise data for consecutive experiments, whereas with the 
beaker-stirrer method it was not possible. Preliminary experiments 
revealed that 20 r.p.m. was a suitable speed for demonstrating defi- 
nite differences in dissolution behavior for the pure materials investi- 
gated. Rotational rates less than 20 r.p.m. did cause a substantial 
decrease in the dissolution rate from that reported in this paper. 
Each sample bottle was immersed in a water bath maintained at 37 
f 0.5". The powder, pellet, or tablet was placed in a 75-ml. capacity, 
amber glass bottle containing 50 ml. of aqueous solvent which had 
been previously adjusted to a pH of 1.2 or 3 with hydrochloric acid. 
The solvent had been preheated to 37" prior to the addition of the 
sample. At the moment of sample addition, the time was recorded as 
t = 0. The vessel was tightly closed with a bakelite cap lined with a 
polyethylene sealer. Dissolution of the drug and tablets was studied 
over a 30-min. interval, and each sample was carried through a 60- 
min. period to establish whether total availability of the drug in 
solution was reached. Preliminary studies indicated that a 60-min. 
test period was sufficient, since two half-lives were encompassed 
which permitted valid comparison of the f Z 5 % ,  f 5 0 % ,  and f 7 5 % .  


6 Model 2100 surface-area analyzer, Micromeritics Instrument 
7 Stokes E Machine, Pennsalt Chemicals Corp., Warminster, Pa. 


Corp., Norcross, Ga. 


Table I-Tablet Composition for D.C. Tablets Prepared from 
Spray-Dried and Air-Attritioned Quinazolinone Compounds 


Quantity per 
160-mg. 


Materials Tablet 


Iso propy lmethy lpheny lquinazolinone, 
spray-dried or air-attritioned 50.0 mg. 


Microcrystalline cellulosea 25.0 mg. 
Colloidal silicab 0.5 mg. 
Corn starch USP 12.0 mg. 
Lactose, spray-dried USP 69.5 mg. 
Stearic acid powder USP 3.0 mg. 


a Avicel, FMC Corp., Marcus Hook, Pa. b Cab-o-Sil, Cabot Corp., 
Boston, Mass. 


The dissolution studies for the pelletized substances were carried 
out for 6 hr. at pH 1.2 in the same manner employed for the tablets. 
A quantity of 50 mg. of the quinazolinone compound was 
chosen since it represented a concentration below the aqueous 
saturation point of 60.5 mg./50 ml. at pH 1.2. The closer the quan- 
tity of drug in solution is to the saturation equilibrium the slower the 
approach to total solubility. The present investigation included the 
following test samples: 50 mg. spray-dried and air-attritioned drugs. 
In addition, pellets and tablets were studied which contained 50 mg. 
of spray-dried and air-attritioned drugs. These materials were all 
subjected to the outlined dissolution rate analysis at pH 1.2 and, in 
most cases, pH 3. 


Nonsink conditions were employed in these experiments to ob- 
serve the dependence upon limited hydrogen-ion concentration as 
related to dissolution. An unusual situation was observed: the p H s  
of the systems at the termination of the dissolution runs did not vary 
more than AO. 1 unit from the starting value for both pH 1.2 and 3. 
This was explained by the particular pKa of the drug, which was 
determined by spectrophotometric and solubility-pH data to be 2.51. 


The analytical details of the dissolution experiments involved the 
withdrawal of a 1-ml. sample at the specified time interval using a 
pipet with filter-tip. The aliquot was diluted with the specified acid 
solution, utilized in the dissolution study, to 100 ml. The adsorption 
of the diluted solution was measured in a Cary recording spectro- 
photometer over the UV spectra, and the maximum absorbance at 
232 mp was used to calculate the drug concentration per 50 ml. of 
test solution. A correction factor was calculated for each sequential 
sampling as a result of the volume change that occurred because the 
test solution withdrawn for the pellet and tablet runs was not re- 
placed after each sampling. 


Individual sample containers were employed for the pure drug 
forms for each time segment ;otherwise,some of the drug would have 
adhered to the filter-tip of the pipet with each withdrawal, which 
would have introduced a recurring error. 


RESULTS AND DISCUSSION 


The quinazolinone compound utilized in this study may be classi- 
fied as a heterocyclic nitrogen base which exhibited poor aqueous 
solubility that was shown to be a function of hydrogen-ion concen- 
tration and method of micronization. The drug undergoes solubili- 
zation by interaction with hydronium ion to form a salt. 


The concentration of the compound (mol. wt. 278) at 50 mg./50 
ml. was calculated to be 3.6 X 10-3 moles/l. The unprotonated form 
of the compound formed a saturated solution in distilledwater with a 
concentration of 2.7 X lO-' moles/l. The hydrochloric acid solution 
at pH 1.2 contained about 6.3 X 10-2 moles/l. hydrogen ion, which 
provided about an 18 times greater hydrogen ion than the concentra- 
tion of the compound. Therefore, complete solution of the 50 mg. at 
this pH was obtained. At pH 3 the hydrogen-ion concentration was 
about 1 X lW3 moles/]., which limited the solubility of the compound 
since there was a fourfold excess of drug over hydrogen ion. Hence- 
forth, one would expect only about 13 mg. of the compound to go 
into solution in the protonated form at pH 3. This approximates 
the values recorded in Table 11, which were obtained experimentally. 


The dissolution data obtained for the spray-dried and air- 
attritioned drugs at pH 1.2 and 3 can be compared by observing 
Table 11. The spray-dried and air-attritioned drugs possessed dis- 
similar particle-size distributions in the low micron range. These 
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Table 11-Dissolution Data at pH 1.2 and 3 of Spray-Dried and 
Air-Attritioned Quinazolinone Compounds 


Sample -Amount Dissolved, mg./50 ml:-- 
Intervals, -Spray-Dried--- -Air-Attritioned- 


min. pH 1 . 2  PH 3 pH 1.2  PH 3 


1 9.1 6 .1  .~ 


3 19.2 10.5 
5 21.8 5.6  13.6 4.1 


10 34.1 12.6 20.6 9 . 0  
15 37.9 24.1 
20 39.3 12.2 29.5 11.5 


.~ 


3 19.2 10.5 
5 21.8 5.6  13.6 4.1 


10 34.1 12.6 20.6 9 . 0  
15 37.9 24.1 
20 39.3 12.2 29.5 11.5 ~. 


30 41.5 12.4 34.1 12.4 
60 45.3 12.6 43.3 12.9 


~ 


a Represents the average of four experiments with standard deviation 
of not more than 1.4 for all data recorded. 


data indicate that at pH 1.2 an increase in dissolution rate was ob- 
served for the drug when micronized by spray drying as compared 
with the air-attritioned form. The results were unexpected since the 
specific surface area of the air-attritioned drug was determined to  be 
twofold that found for the spray-dried drug. The apparent surface 
area of a poorly water-soluble material in contact with the aqueous 
medium appears to  be unrelated to its specific surface area. Based on 
this factor, correlation of specific surface area with dissolution be- 
havior without experimental verification could be quite deceptive. 
It was thought possible that the smaller air-attritioned particles 
were not subjected to the same intensity of agitation as were the 
large spray-dried particles; however, by physical observation it was 
quite apparent this was not the case. In fact, the air-attritioned drug 
had a definite tendency to form large particle aggregates which 
diminished the surface area, thereby resulting in a dissolution rate 
that was less than expected. Furthermore, it was also possible that 
surface hydration and solubility characteristics varied for both 
physical forms as a result of their different physical characteristics. 


Pellets prepared from the spray-dried and air-attritioned materi- 
als, possessing equal surface area, were evaluated with regard to 
their respective dissolution rates, and Fig. 1 indicates the results ob- 
tained. The intended incorporation of the drugs, at a later stage, 
into a tablet matrix required an interpretation of the interparticle 
bonding forces that existed for each of the physical drug forms. If 
the specific particle structure of the drug resulted in dissimilar inter- 
particle adhesion, subsequent inclusion into a tablet could possibly 
influence the dissolution behavior. The interparticle adhesion that 
occurs in a solid system may result from either partial fusion or par- 
tial dissolution at the surface of the particles induced by energy 
added during the compression (7). 


From Fig. 1 it appears evident that pellets from the two physical 
drug forms have no significant difference in their dissolution rates. 


, 1 2 3 4 5 6 


TIME, hr. 


Figure I-Apparent zero-order dissolution rates of pelletized spray- 
dried and air-attritioned drugs were performed in 50 ml. aqueous 
solution at pH 1.2. Each plot is corrected to origin and the average 
of three experiments with standard deviation of not more than 0.7 
for all data recorded. Key: A, spray-dried drug: and 0, air-attritioned 
drug. 


Table 111-Dissolution Data a t  pH 1.2 and 3 of Spray-Dried and 
Air-Attritioned Quinazolinone Compounds Contained in Tablets 
Manufactured by Direct Compaction 


--Amount Dissolved,@ mg,./50 ml.-- 


Time, -Spray-Dried--. -Air-Attritioned-- 
Solution Direct Compression 


min. pH 1.2 PH 3 pH 1 . 2  PH 3 
~~ ~ 


1 11.2 1 . 1  1 3 . 3  1 . 3  
3 22.1 3 .4  28.3 2.5 
5 28.6 3 . 1  34.6 3.8 


I0 36.9 4 . 8  42.2 3.5 
15 4 0 . 3  46.1 
20 42.9 4 .4  50.4 4 .8  
60 46.4 13.0 50.4 12.9 


a Represents the average of three experiments with standard devia- 
tion of not more than 1.1 for all data recorded. 


An apparent zero-order equation for the dissolution data for both 
pellets was adhered to, which is in accord with the experimental 
conditions of constant dissolution surface area. By pelletizing the 
drug forms, the variation of surface wetting observed with the pure 
drug powders was eliminated. This phenomenon resulted in a need 
for clarification of the effect on dissolution when the pure drug form 
was diluted with common tablet excipients and then compressed 
into tablets. 


The experiments designed to  study the effect on dissolution with 
the drug forms in directly compressed tablets revealed certain defi- 
nite departures from the results obtained with the pure drugs. The 
direct compaction method was utilized to prepare the tablets, since 
it permitted dilution of the drug without significant alteration of 
their physical forms. For this reason, the wet granulation method 
data were not included in this paper since it was shown to manifest 
additional complexities in following dissolution of the drug. A 
retarding effect on dissolution was experienced as a result of materi- 
als utilized in wet granulation, i .e.,  granulating liquid and water- 
insoluble excipients, which tend to form a barrier layer on the sur- 
face of the drug particles during the granulating process. 


The physical parameters, i.e., tablet disintegration and thickness, 
were strictly controlled for the tablets prepared by direct compac- 
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Figure 2-Dissolution of spray-dried and air-attritioned powders 
and compressed tablets in 50 ml. aqueous solution at pH 1.2. Key: 
A, spray-dried powder: 0, air-attritioned powder: A, spray-dried 
tablet: and 0, air-attritioned tablet. 
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Table IV-Amount of Spray-Dried and Air-Attritioned Drugs 
Dissolved (mg.) within a Specific Time Interval“ in 50 ml. 
Aqueous Solution at  pH 1.2, 37 f 0.5”, and Rotated at 20 r.p.m. 


Pure Drug 
Spray-dried 2 . 0  4 .1  16 
Air-attritioned 5.7  15 .5  40 


Compressed Tablets 
Spray-dried 1.6  3.5 10.5 
Air-attritioned 1 . 3  2 . 6  6 .5  


a Each time interval was determined from the plotted data in Fig. 2. 


tion. The tablets were formulated to give rapid disintegration, 25 f. 
5 sec., in an attempt to observe uninhibited drug dissolution. 


Dissolution data obtained for both sets of direct compacted 
tablets manufactured from the two drug forms have been tabulated 
in Table 111 for pH 1.2 and 3. 


The dissolution rate obtained for the tablets prepared from air- 
attritioned and spray-dried drug proved to be quite similar in disso- 
lution behavior (Fig. 2). These results indicate a substantial change 
from the comparative dissolution rates obtained with the pure air- 
attritioned drug under the same experimental conditions. The in- 
corporation of the air-attritioned drug into a tablet matrix resulted 
in omission of the particle aggregates experienced with the pure 
drug. In addition, the improved dissolution rates for the tablets were 
probably a result of the hydrophilic property of the solid system and 
the increased surface area of the drug due to the force of compres- 
sion. 


Dissolution data obtained with the spray-dried drug and tablets 
of the same at pH 1.2 appear to have parallel dissolution patterns. 
The dissolution behavior experienced with both tablets compares 
more closely with the particle size and specific surface area data 
obtained for the pure drugs. 


Table IV provides a tabulation of the time required for the disso- 
lution of 25, 50, and 75% of the drug from both the powders and 
tablets, which is a convenient method for comparing dissolution 
data. The solid systems studied in this research were too complex for 
the application of reaction-order equations and, if utilized, would 
have possibly led to their misuse. 


SUMMARY AND CONCLUSIONS 


The results of dissolution studies at low pH provided information 
that rationalized the practical application of spray drying for the 
micronization of poorly water-soluble drugs. The air-attritioned 
drug had a tendency to form large particle aggregates which 
hindered its apparent dissolution rate in the pure form. In addition, 
the air-attritioned particles differed from the spray-dried inasmuch 
as they possessed a high degree of surface energy which gave rise to 
their sticking to each other and the sides of the storage container. 
Difficulty existed in handling and formulating the drug into the 
various forms. 


The significantly greater dissolution rate that was observed for the 
pure spray-dried drug at pH 1.2 despite the smaller par- 
ticle-size range of the air-attritioned drug would lead one to  
criticize the selection of a particular physical form of a poorly 
water-soluble drug by analyzing only physical dimension data. 
Particle-size range and specific surface area measurements for 
different physical forms of the drug studied were misleading and 
quite unrelated to their dissolution behavior. More pertinent is the 
apparent surface area of the drug available for solvent wetting for a 
poorly water-soluble material. The apparent surface area was not 
directly measured in these studies; however, dissolution is an in- 
direct approach to the matter. The large particle aggregates, such as 
those observed with the air-attritioned drug, interfered with the 
apparent dissolution rate and gave data that would not normally be 
expected. 


With this hydrophobic drug, it was found that the rotating-bottle 
method permitted acceptable reproducibility of the dissolution 
results. On the other hand, the beaker-stirrer method failed in this 
aspect as a result of discontinuous wetting of the powder by the 


acidic medium. With the appearance of a variety of dissolution sys- 
tems in the literature (8), the authorswould like to emphasize that the 
ability to  repeat an experiment and obtain valid reproducibility 
should be the prime objective. A base line for dissolution behavior 
should always be established with the pure drug powder by employ- 
ing an in uitro dissolution technique, and this should be done prior to 
fabrication of the dosage form. In this manner, the necessary prop- 
erties of the tablet or capsule matrix can be more accurately deter- 
mined. 


The quinazolinone compound studied was insoluble in distilled 
water; however, by reducing the pH, limited solution did occur. The 
heterocyclic nitrogen in the quinazolinone structure was protonated 
in solution and the lower the pH of the aqueous system, the greater 
was its total solubility under nonsink conditions. 


The dissolution data obtained for the two pure drug forms could 
have resulted in selection of the spray-dried drug for use in a solid 
dosage form; however, with additional experimentation employing a 
compressed tablet formulation, greater insight was obtained. In- 
corporation of the drug powders into a compressed tablet was help- 
ful in clarifying possible false conclusions that could have been 
drawn from the dissolution data for the pure drugs. The dilution 
factor which resulted when the air-attritioned drug was combined 
with tablet excipients decreased the interparticle aggregation effect 
experienced with the pure form. When the tablet was placed in the 
aqueous medium, it released discrete particles, composed of drug and 
diluent, upon disintegration. This phenomenon greatly improved the 
dissolution behavior for the air-attritioned drug in the tablet form, 
since the discrete particles eliminated the particle aggregation ob- 
served with the pure drug powder. The dissolution rates for the pure 
spray-dried drug and tablets (Fig. 2) were not greatly different, since 
particle aggregation was not operative during the powder’s dissolu- 
tion experiments. The tablet diluents employed for the compressed 
tablets were selected where possible for their water-soluble or 
hydrophilic properties. This particular consideration can assist the 
diffusion-dissolution-diffusion processes required for dissolution of 
a drug from the discrete particles resulting from tablet disintegra- 
tion. Water-insoluble components in the tablet matrix would tend to 
retard the overall dissolution process of a poorly water-soluble drug. 
This aspect has been utilized in the design of sustained-release dos- 
age forms by employing a water-insoluble material to reduce dissolu- 
tion rate. When a tablet disintegrates, the discrete particles formed 
should be as hydrophilic in property as possible in order to assist the 
dissolution process. 


The variation of dissolution behavior shown in this paper for the 
pure drug, and tablets of same, underline the fallacy of performing 
dissolution rate analysis with various physical forms of the pure drug 
without inclusion of a proposed solid dosage form in such studies. 
The early initiation of preformulation kinetic studies for new drugs 
quite often incorrectly forces one to select the supposed best physical 
form of a drug prior to the consideration of dosage form research. 
The physical form and its dissolution behavior must be considered 
by the research pharmacist in organizing the development protocol 
for new drugs which fall into the category of poorly water soluble. 
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and the qualitative and quantitative aspects of autoxidation of 
saturated polyolefins are dealt with in Chapters 6 and 7, respec- 
tively. The final chapter is devoted to the investigation of polyolefin 
autoxidation by various techniques. 


The arrangement and sequence of the subject matter is well 
organized and allows even the nonexpert to follow the kinetics 
without too much difficulty. There is an abundance of reaction rate 
equations which although essential for kinetic studies would appear 
to be overexcessive. There are also numerous chemical equations 
for the various autoxidation schemes. The problems given at the 
end of some chapters are adequate, being fairly difficult and of good 
variety and these should prove stimulating and challenging to the 
graduate student or research worker specializing in this field. 
However, I feel that answers to the numerical problems should 
have been provided and these would be most helpful to the student. 
The rate constants compiled in the various tables will prove to be 
a most useful feature to research workers in this field. The bibli- 
ography is up-to-date, covering the literature up to 1967. However, 
the inclusion of reference to private communication and unpub- 
lished work in a textbook is undesirable and meaningless. Several 
of the figures are very poorly drawn and detract from the quality 
of the book. The authors should have been able to reproduce the 
figures from the original papers. To sum up, the book can be highly 
recommended to the advanced graduate student and the specialist 
in this field who will find a wealth of material gathered together in 
a single book. 


Recirwed by Lucy S. C. Wan 
School of Pharmacy 
Unicersity of Singapore 
Sepoy Lines, Singapore 3 
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tional Solidification,” brought together for the first time the basic 
principles, apparatus, and applications of all types of solid-liquid 
processes associated with ultra-purification of chemical compounds. 
The volume here reviewed is a logical sequel inasmuch as it presents 
reliable methods for the preparation and analysis of such com- 
pounds. The choice of the methods presented admittedly reflects 
the interests of the author, however, they are described by experts 
in the respective areas and were chosen on the basis of originality, 
reproducibility, and adaptability to problems normally encoun- 
tered in the laboratory. Contributing authors represent a broad 
distribution of research laboratories, both foreign and domestic. 


Part I of the book concerns the description of analytical methods 
for ultra-pure compounds, including a variety of spectral tech- 
niques, thermal methods, electrochemical and gas-liquid chroma- 
tographic procedures. Part I1 describes in detail the most useful 
methods available for zone melting, progressive freezing and column 
crystallization. Particularly unique are the chapters describing rapid 
purification of organic compounds, purification in kilogram quanti- 
ties, zone melting chromatography, and the concentration of flavors 
at low temperature. 


As though in answer to the question of how one maintains the 
integrity of an ultrapure compound, Part 111 presents, in a single 
chapter, a discussion and tabulation of data concerning containers 
for pure substances. Quite interesting is the fact that polyfluoro- 
carbons compare most favorably with quartz and borosilicate as 
acceptable container materials. 


While they ought to be, at least for pharmacological evaluation 
and for reference standards, medicinal compounds are not subjected 
to ultrapurification. The book under review presents considera- 
tions which are applicable to some organic medicinal compounds, 
if and when it should be desirable to render them ultrapure. 


Reviewed by Paul J. Jannke 
College of Pharmacy 
University of Connecticut 
Storrs, CT 06268 
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Optimal Ferric Hydroxamate Method for 
Determination of Intact Pilocarpine 


IRWIN S. GIBBS* and MURRAY M. TUCKERMAN 


Abstract The ferric hydroxamate colorimetric method for 
lactones has been optimized for the determination of pilocarpine in 
the presence of its degradation product by careful control of pH, 
reagent concentration, and time to yield a method which has the 
following advantages of similar methods previously proposed : 
(a) direct sampling of the usual 1 or 2 % solutions without dilution; 
(b)  a stable blank with relatively low absorbance; and (c)  production 
of a color with a minimal rate of fading, suitable for quantitative 
determination. Analysis of 20 independent sets of calibrations 
by linear regression analysis yields a regression coefficient of 0.98, 
an absorbance (y) intercept of -0.007, and a slope of 0.51. 


Keyphrases IJ Pilocarpine solutions-analysis 0 Ferric hydroxamic 
acid method--color formation 0 Colorimetry analysis-spectro- 
photometer 


Various analytical methods for the determination of 
pilocarpine hydrochloride have appeared in the litera- 
ture including titrimetric (1-4), ion-exchange (5 ) ,  
colorimetric (6-12), and measurement of the UV 
absorption of the tetraphenylboride (13). For the 
routine quality control of pilocarpine hydrochloride 
ophthalmic solutions, the method of Brochmann- 
Hanssen et al. (12) appears most useful. The method 
consists of making the sample alkaline in the presence 
of hydroxylamine hydrochloride, allowing the reaction 
to proceed for a period of time, and adding ferric 
chloride to the acidified mixture to yield a colored ferric 
hydroxamate. After allowing the color to develop, the 
absorbance is read at  500 mp in a suitable instrument. 
The advantages of this method are specificity for the 
intact lactone ring of the pilocarpine molecule and 
more than sufficient sensitivity. 


In using the technique, this sensitivity has been 
found to be a burden because samples cannot be taken 
directly from the solutions of pilocarpine hydrochloride 
commonly appearing in commerce, thus entailing 
several dilutions during analysis of samples and prep- 
aration of calibration curves. In addition, variations 
in absorbance with time for treated samples, gas bubble 
formation on the walls of the cells, and the small 
volume of the final sample, making adequate rinsing 
of cells difficult, all serve to make this method less 
than ideal. 


The proposed method reduces the disadvantages, 
allowing for direct sampling from aqueous solutions of 
pilocarpine hydrochloride in concentrations of 1 and 
2 % and yielding absorbance values which conform to 
the usual conditions for photometric measurement. 


EXPERIMENTAL 


Apparatus-The Cary model 15 recording spectrophotometer 
and the Gilford apparatus with the Beckman DUR monochromator 
were used for the absorbance measurements. 


Samples-The samples consisted of aqueous solutions of pilo- 
carpine hydrochloride USP XVII in a concentration of 0.7%. 


Table I-Change in Absorbance with Time against Water 


Time Sample Reagent Blank 


Initial + 10 min. + 20 min. 


Initial + 10 min. + 20 min. 


Initial + 10mjn. + 20 mm. 


Initial + 10 min. + 20 min. 


Initial + 10 min. + 20 min. 


Initial + 10 min. + 24 min. 


~ 


Brochmann-Hanssen Method" 
Trial A 


0.732 
0.844 
0.894 


0.779 
0.777 
0.819 


0.872 
0.991 
1.020 


0.667 
0.692 
0.672 


Trial B 


Trial C 


Trial D 


Proposed Methodb 
Trial A 


0.504 
0.489 
0.472 


0.457 
0.442 
0.418 


Trial B 


~~ 


0.205 
0.320 
0.392 


0.133 
0.304 
0.361 


0.159 
0.308 
0.316 


0.161 
0.060 
0. loo 


0.005 
0.007 
0.007 


0.007 
0.006 
0.006 


ZAA for samplelmin. for 1st 10 min. based on initial net sample 
value = -0.06, Trial A ;  -2.7, Trial B; - 0.42, Trial C; and +2.49 Trial 
D. * Z A A  for sample/min. for 1st 10 min. based on initial net sample 
value = -0.34, Trial A ;  and -0.31, Trial B. 


Solutions used in the performance of the method suggested by 
Brochmann-Hanssen et af. (12) were 0.04%:. The pilocarpine hy- 
drochloride employed was assayed by the USP method (14), yield- 
ing a recovery of 99.85 f 0.11 %. 


Reagents-Hydroxylamine hydrochloride, 1 M in water; alkaline 
phosphate consisting of 10 volumes of 7% trisodium phosphate 
and 2 volumes of 3.5 M sodium hydroxide; and ferric chloride solu- 
tion, 0.3 M in 0.1 N hydrochloric acid. 


Proposed Method-Transfer an accurately measured volume of 
pilocarpine hydrochloride solution containing between 10 and 20 
rng. of pilocarpine hydrochloride to a 25.0-ml. volumetric flask 
and add water to make approximately 10 ml. Add 1.0 ml. of 1 M 
hydroxylamine hydrochloride and 3.0 ml. of alkaline phosphate 
solution, mixing well after each addition, and allow the solution to 
stand for 10 min. Add 1.0 ml. of 5.25 M hydrochloric acid followed 
by 1.0 ml. of ferric chloride solution. Dilute with water after 10 
min. and read the absorbance in a suitable spectrophotometer at 
480 mp. A reagent blank is treated in the same manner. A calibra- 
tion curve may be conveniently prepared by taking 1 .OO, 2.00, and 
3.00 ml. of a 0.7% pilocarpine hydrochloride solution (which yields 
absorbance values equivalent to 0.35, 0.70, and 1.05% solutions, 
respectively) and treating in the described manner. 


RESULTS 


Twenty calibration curves were prepared as indicated on separate 
days. Each curve was prepared using fresh reagents and a fresh 
0.7 % pilocarpine hydrochloride standard solution. The following 
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Table 11-Absorbance uersus Time Obtained with Treated Sample 
(3.00 ml. of 0 . 7 z  Pilocarpine Hydrochloride) and Reagent Blank 


Time (Minutes 
after Addition 


of Ferric Chloride Reagent Blank 
Solution) Sample Absorbance Absorbance 


2 
3 
4 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


0.563 
0.557 
0.553 
0.551 
0.550 
0.548 
0.547 
0.546 
0.545 
0.544 
0.545 
0.544 
0.543 
0.541 
0.541 
0.541 
0.538 
0.536 
0.535 
0.531 
0.532 


0.011 
0.011 
0.011 
0.010 
0.011 
0.010 
0.009 
0.010 
0.009 
0.012 
0.012 
O.Oi2 
0.012 
0.011 
0.011 
0.009 
0.010 
0.Oii 
0.010 
0.011 
0.011 


significant values were obtained upon calculation using regression 
analysis: regression coefficient, 0.98; absorbance ( y )  intercept, 
-0.007; andslope, 0.51. 


Fading Rate-As has been pointed out (12, 15), ferric hydroxamic 
acid procedures, in general, yield unstable colors. Comparison of 
the change in absorbance with time between the proposed method 
and the Brochmann-Hanssen method for pilocarpine hydrochloride 
was rendered difficult by formation of gas bubbles on  the walls of 
the cell immediately upon introduction of the sample when using 
the Brochmann-Hanssen technique. These bubbles grew larger with 
time. The colored solutions arising from the proposed method, 
however, are homogeneous and no difficulty was experienced. 


Absorbance spectra of the solutions obtained with the Broch- 
mann-Hanssen method showed a maximum at 500 mp as reported 
(12), while those of solutions obtained with the proposed method 
showed a slightly broader maximum in the region of 480 mp. Re- 
corded absorbance spectra obtained with the solutions treated in 
accordance with the Brochmann-Hanssen technique 10 and 20 min. 
after the initial spectrum invariably showed a total increase i n  
absorbance at the wavelength of maximum absorption, although 
the +20-min. spectrum sometimes showed a decrease in absorbance 
from that at +10 min. Recorded absorbance spectra of solutions 
obtained with the proposed method showed only a slight decrease 
in the absorbance maximum 10 and 20 min. after the initial spec- 
trum. 


Due to the paradoxical behavior of the solutions obtained in the 
Brochmann-Hanssen method and also to the fact that both the 
sample and blank are highly colored, the changes in absorbance 
with time of both samples and blanks were determined indepen- 
dently against water at 500 mk. The same was done for solutions 
obtained with the proposed method at 480 mp. The results are 
shown in Table I. 


As can be seen, the method proposed by Brochmann-Hanssen 
e f  al. (12) yields rather large changes in absorbance with time for 
both the sample and blank. In addition, the overall net change in 
absorbance of the sample is not predictable with respect to direc- 
tion or magnitude. On the other hand, the absorbance of the re- 
agent blank used in the proposed method is constant within the 
limits of accuracy of the digital read-out meter of the Gilford ap- 
paratus employed. The absorbance of the sample obtained by the 
proposed method shows only a slight decrease over the time period 
studied. 


In order to determine the optimal time period between combina- 
tion of the sample with the reagents and determination of the ab- 
sorbance, an absorbance uersus time study for the sample and re- 
agent blank was performed. Water was used to establish a base- 
line absorbance of 0. The results are shown in Table 11. 


As can be seen by perusal of Table 11, the absorbance of the re- 
agent blank again remains constant within the limits of accuracy of 
the instrument throughout the time period employed. The sample 
shows an initial accelerated fading, which is somewhat stabilized at 
approximately 10 min. following the addition of the ferric chloride 
solution. Thus, by following the directions given for the proposed 
method, the operator has sufficient time to make several solutions 
to volume, rinse the cells, and take absorbance readings without 
fear of significant fading during the time required. 


CONCLUSIONS 


A method has been proposed for the colorimetric analysis of 
aqueous solutions of pilocarpine hydrochloride which exhibits: 
(a )  ease of sampling; (b)  no change in absorbance of the reagent 
blank and only slight fading of the sample over the time suggested 
after addition of the last reagent required in sample treatment and 
reading of the sample absorbance; and (c) no gas bubble formation 
in the treated sample as was obtained with a previously proposed 
method (12). 


While the proposed method has not been applied to samples of 
commercially available solutions, no marked deviations are ex- 
pected in the results, provided that interfering substances are re- 
moved prior to sample treatment by methods similar to that pre- 
scribed by Brochmann-Hanssen el at. (12). 
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Controlled Drug Release through Polymeric Films 


A. L. FITES, G. S. BANKER, and V. F. SMOLEN 


Abstract The drug-permeability properties of several water- 
insoluble films were studied with respect to their potential applica- 
tion for the control of drug release from solid pharmaceutical 
dosage forms. Films composed of poly(methylviny1ether)-maleic 
anhydride copolymer, crosslinked with polysorbate 20 (Tween 
20), appeared as the most promising of the systems studied for the 
film-controlled drug-release applications. The permeability of the 
films can be controlled by appropriate adjustment of their poly- 
sorbate 20 content, molecular weight of the polymer, and humidity 
pretreatment. The permeability of the films was, however, found to 
be affected also by the pH of the diffusion medium. 


Keyphrases 0 Drug release, controlled-through polymeric films 0 
Polysorbate 20 effect-polymeric film formation 0 Polymeric 
films-drug permeability Permeability coefficients-polymeric 
films Diagram-permeation cell [7 UV spectrophotometry- 
analysis 


The importance and pharmaceutical applicability of 
polymer films are well established in providing protec- 
tive coatings and controlling drug release from oral 
dosage forms. In general, two basic factors may be in- 
volved in the film-controlled release of medicaments ; 
i.e., the dissolution of the film in the gastrointestinal 
fluids and its permeability (1, 2). With insoluble films, 
which maintain their integrity in traversing the gastro- 
intestinal tract, only the latter need be considered. 
Therefore, the application of an insoluble film coat of 
desired permeability characteristics to an ordinary 
compressed tablet could conceivably be utilized to con- 
trol drug release. This method would be advantageous 
in its economy and simplicity, provided predictable 
and controllable release rates are attainable. 


In the present study, several synthetic polymeric 
films were investigated with respect to their drug- 
permeability properties for the purpose of determining 
their feasibility for controlled drug-release applications. 
One film which appeared promising was further 
investigated with respect to  the factors influencing its 
permeability. 


MATERIALS AND METHODS 


Polymers, Drugs, and Diffusion Media-Table I describes the 
polymer systems used in this study. These systems were selected 
primarily on the basis of the insolubility of the resulting films in 
gastric and intestinal fluids. The cellulose acid phthalate (CAP) film 
system contains the maximum amount of plasticizer, PEG 400, 
consistent with insolubility of the film and absence of tackiness. 
The proportion of ethylcellulose (EC) to the methylcellulose (MC) 
was chosen, on the basis of preliminary studies, to produce a 
maximum permeability and insolubility. The observation in this 
laboratory that the addition of polysorbate 20 (Tween 20) renders 
the otherwise soluble poly(methylviny1ether)-maleic anhydride 
(PVM-MA) films insoluble was the basis for its inclusion in this 
study. 


Caffeine was chosen for these studies due to its relatively non- 
ionogenic nature, stability, and ease of assay. Nicotinic acid was 
also used as a model drug in some of the preliminary experiments. 


s 


Figure 1-Permeation apparatus employed in the study of drug 
permeation through .free films. Key: I ,  adjustable cell clamp; 2, 
120-ml. amber bottle: 3 ,  600-ml. beaker; 4 ,  polyethylene gaskets; 
5 ,  screw cap; and 6,film sample. 


The media in which the drugs were allowed to diffuse consisted of 
distilled water and buffer solutions of the following composition: 


PH Composition (mmole/l.) 
1.30 HCl, 1.4 NaCl, 34.2 
5.83 KH,PO4,25 NaOH, 1.8 
7.20 KHzPO4, 25 NaOH, 17.4 


The pH values of the solutions approximate that of gastric and in- 
testinal fluids. 


Permeation Cells-Figures 1 and 2 illustrate the permeation cells 
and the experimental arrangement. The cells consisted of approxi- 
mately 120-ml. glass screw-capped chambers. The polymer films 
were placed between two polyethylene gaskets and were held in 
place by the plastic screw caps which were drilled to contain a 
1.91-cm. (0.75-in.) diameter opening. These cells were inverted into 
their respective 600-ml. beakers, which contained the receiving 
medium for the diffusing drugs, where they were held by lucite 
clamps which allowed adjustment of their depth in the beakers. 
The medium in each beaker was maintained at 37" and was agitated 
with a magnetic stirrer employing the setup described in Fig. 2. 
The magnetic stirrers were connected to a central control; each 
was synchronized to 325 r.p.m. with a strobe timing light and was 
rechecked periodically. Fluctuation was minimized during opera- 
tion by use of a voltage stabilizer and by allowing a warm-up 
period before proceeding with an experiment. 


Preparation and Treatment of the Film-The films of composition 
listed in Table I were prepared by a casting technique employing a 
glass substrate. A fixed area on the smooth glass surface was marked 
off with masking tape. In each case the polymer was evenly spread 
into the area with a brass film-casting knife as described by Munden 
(3). The resulting film possessed a uniform thickness, which was 
controlled by adjustment of the blade level in the film-casting knife 
and by the number of tape layers. The average thickness of com- 
pleted films was determined with a micrometer.' 


Prior to testing, all films were stored over anhydrous calcium 
sulfate2 under vacuum at 25" for a minimum of 48 hr. In addition, 
the PVM-MA films were stored for precisely 48 hr. at a humidity 
of 52.4%, maintained by a saturated solution of sodium bromide 
at 41 '. 


1 Lufkin Rule Corp., Saginaw, Mich. 
2 Drierite, W. A. Hammond Drierite Co., Xenia, Ohio. 
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Table I-Film Systems Selected for Permeation Studies 


Polymer 


Polymer 
Concn., z w/v of 
Solution 


Plasticizer Concn., 
% w/v of Solution 


Composition of 
Solvent Systems, ml. 


Cellulose acetate 


Ethyl cellulose (ECP 


Methyl hydroxy- 
propyl cellulose 
(MC)d 


Poly(methylviny1ether) 
maleic anhydride 139 & 169 


hydrogen phthalate 
(CAP)' 


(PVM-MAP 


7 


6 


3.5 


8 


Polyethylene glycol Methylene chloride-50 
400 (PEG 400): 0 & 3 Acetone q.s.-lOo 


Propylene glycol, 
2 . 8  


Glyceryl triacetate,' 5 


Poly oxy ethy lene 
sorbitan monolaurate,n 
2, 4, and 8 


Methyl chloride-50 
Methanol q.s.-lOO 


Acetone q.s.-lOO 


~~ ~ 


a Cellulose acetate phthalate; Eastman Organic Chemicals, Rochester, N.  Y. b Carbowax 400; Union Carbide Chemicals, New York, N. Y. c Ethocel; 
Dow Chemical Company, Midland, Mich. d Methocel; Dow Chemical Company, Midland, Mich. 6 Gantrez A N; G.A.F. Corp., New York, N. Y. 
I Triacetin; Eastman Organic Chemicals, Rochester, N. Y. a Tween 20; Atlas Chemical Company, Chicago, 111. 


Procedures-The pretreated polymer film was secured in the cell 
which was immersed into the beaker containing 400-500 ml. of the 
receiving medium, either distilled water or buffer solution, pre- 
viously equilibrated to 37". The upper chamber of the cell was filled 
with drug solution, usually 25 ml., and covered; the level of the 
fluids was adjusted to the same height to prevent a hydrostatic pres- 
sure difference between the two compartments. Four units of this 
type were set up in the same thermostated water bath and agitated 
as described previously. 


At selected time intervals over an 8- to 10-hr. period, samples of 
the receiving media were removed and assayed spectrophoto- 
metrically for transferred drug. The samples were read on a Beck- 
man DU spectrophotometer at 273 and 262 mp for caffeine and 
nicotinic acid, respectively. The blank consisted of fluid taken from 
a cell containing only the diffusion medium. The volume of sample 
removed from the receiving chamber was, in each case, replaced by 
an equal volume of diffusion medium. Six to eight replications were 
performed on each run. When linear relationships were expected, 
the data were treated by the method of least squares and the lines 
of best fit were reported. 


RESULTS AND DISCUSSION 


Preliminary Screening of Film Systems-The selection of films 
for further study of their permeability properties was primarily 
based upon a preliminary study of selected film formulations. The 
results are presented in Table 11 and Fig. 3. 


The permeability of the cellulose acetate phthalate films studied 
was severely limited, as is apparent from the relatively small 


IU f 


3 


Figure 2-Diagram of experimental arrangement for permeability 
studies. Key: I ,  constant-temperature bath (stirrer constant-tem- 
perature regulator); 2, cell apparatus (Fig. 1); 3, magnetic stirrers; 
4 ,  control box; 5 ,  uariac; 6, line voltage regulator; and 7 ,  water bath. 


quantities of the drug that traversed the films over the 8-hr. 
period. Although plasticization of the CAP films by the inclusion 
of polyethylene glycol 400 (43 % w/w polymer) produced approxi- 
mately a tenfold difference in drug permeability relative to the un- 
plasticized film, total drug permeability in the plasticized film was 
still less than 3%. The increase in permeability was likely a con- 
sequence of the unbound water-soluble plasticizer being leached 
from the membrane. The practical upper limit of polyethylene 
glycol content in the films was 43 %. Higher concentrations imparted 
tackiness to the film. 


Ethycellulose produced films which were quite brittle and showed 
negligible drug permeability. The addition of methyl(hydroxypr0- 
py1)cellulose to the ethylcellulose film enhanced film clarity, de- 
creased brittleness, and increased drug permeability. 


The addition of methyl(hydroxypropy1)cellulose improved the 
overall properties of the ethylcellulose films, particularly with regard 
to brittleness. However, the films were observed to lose their in- 
tegrity at methyl(hydroxypropy1)cellulose contents greater than 
that contained in the tested film (58 w/w polymer). This was quite 
apparent from the rapid passage of the drug across the disintegrating 
films. 


Prior to the 2-hr. period, a relatively small quantity of drug was 
found to permeate the untreated PVM-MA film (Table I1 and Fig. 
3). The rate of drug passage became greatly accelerated between 


0- 


a 
2 75 
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v) 
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a 
F 
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0 
LL 
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- 
c w X 


2 4 .  6 a 10 12 
0 r 7 I I 
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Figure &Drug permeability properties of polymeric film mem- 
branes included in preliminary -studies. The film studied included 
PVM-MA (4: l )  pretreated, -0-; PVM-MA ( 4 : l )  untreated, 
-0-; EC-MC, -()-; and CAP + propylene glycol, -V-. 
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Table II-Results of Preliminary Investigations of Permeability 
Properties of Polymeric Films in Distilled Water 


Cumulative 
Percent of 


Drug 
Transferred 


across 
Membrane 


Thickness, Time, at Given 
Film System" mm. hr. Time 


C A P  0.030 8 0.2 
CAP + PEG 400b 0.040 2 0.8 


EC-MCc 


4 1.6 
6 2.2 
8 2.7 


0.040 2 0.8 
4 1.8 
6 3.0 
8 4.1 


PVM-MA 169' 0.045 2 0.9 
(4: 1)" 


a Film systems as designated in Table I. b Initial concentration of drug 
0.25% nicotinic acid. c Initial concentration of drug 2% caffeine. 
d Initial concentration of drug 1.5 Z caffeine. e Refers to four parts 
polymer and one part polysorbate 20. 


2 and 4 hr. The increase in permeability is attributed to the observed 
swelling of the film resulting from the hydration of acid anhydride 
groups on the polymer. In addition to a Donnan-type swelling 
effect (4), a polymer chain expansion likely arises from the mutual 
electrostatic repulsion of the resulting ionized carboxyl groups (5). 
The effect serves to diminish further the consolidation of the mem- 
brane and thereby increases its permeability. The apparent acidic 
pK's of the carboxyl groups have been reported (5, 6) as having 
values of 4.85 and 8.95. The swelling of the films may therefore be 
expected to become increasingly pronounced with an increase in pH 
of the diffusion media. 


It was found that the initial delay in the enhanced permeability of 
PVM-MA films could be essentially abolished through pretreatment 
of the films by storage in a humidity chamber, for 48 hr., at 25" 


1 .o 
0.9 
0.8 
0.7 


0.6 


0.5 


0.4 
c, 
-2 


0.3 
A 


0.2 


0.1 
0 2 4 6 8 10 


TIME, hr. 


Figure 4-Permeation of caffeine through PVM-MA 169 polymer 
films in distilled water and pH 1.30 buffer solution as influenced by the 
polysorbate 20 content and thickness of the films. At p H  1.30 the 
jiltns studied includedpo1ymer:polysorbate 20 weight of 9:l (-@-), 
2:1 (-A-), and I : I  (-W-), with corresponding thicknesses of 
0.069, 0.071, and 0.066 mm., respectively. In distilled water the films 
included were 4:1 (+), 2:1 (-A-), and I:I (-D-) wiih cor- 
responding thicknesses of 0.068, 0.068, and 0.066 mm., respectively. 


Table 111-Permeation (P)  and Correlation ( r )  Coefficients 
for PVM-MA Films of Varying Weight Ratio of Polymer to 
Polysorbate 20 (R)  


PVM-MA 169 Films 
-1.3- 7 5 . 8 3 7  -7.2- 


R/pH Pa r P r P r 


4:l  0.0024 -1.00 
2 : l  0.0017 -1.00 
1:l  0.0012 -1.00 


PVM-MA Films 
in Distilled Water 


R P  r 
4:l  0.0060 -1.00 
2 : l  0.0037 -0.99 
1:l 0.0030 -1.00 


- 0.0066 -0.99 - 
0.0085 -1.00 0.022 -0.83* 
0.0059 -0.98 - - 


PVM-MA Films 
in pH 1.30 Buffer 


P r 


0.0018 -1.00 
0.0089 -1.00 


- - 


5 P is defined by Eq. 3 and has units of hr.?. b This relatively low 
value of the correlation coefficient is attributable to the considerable 
swelling of the films observed at this pH, with accompanying changes in 
thickness and area, which vitiates the vigorous applicability of Eq. 1 .  


and 52.42 relative humidity, to allow film hydration prior to  test- 
ing. Figure 3 presents a comparison of results obtained with caffeine 
using treated and untreated films. 


Among the films included in the preliminary study, the PVM-MA 
films appeared most promising with respect to their potential appli- 
cability for controlled drug release. Films formed from the PVM-MA 
and polysorbate 20 were therefore selected for further study with 
respect to  the influence of various factors anticipated to affect their 
permeability properties. Only caffeine at an initial concentration of 
2 w/v and humidity-chamber pretreated films were employed in 
this further work. 


Effect of Polysorbate 20 Content on the Permeability of PVM-MA 
Film-The PVM-MA polymer itself is water dispersible to a 
considerable extent. The presence of polysorbate 20 in films formed 
from the polymer renders them insoluble in water. However, they 
are still subject to appreciable swelling. Powell (7) has shown that 
the insolubilization of PVM-MA films by polysorbate 20 results 
from crosslinking of polymer chains by the polysorbate 20. The 
crosslinking occurs through esterification of acid anhydride groups 
on the polymer and hydroxyl groups of the sorbitan ester. Figure 
4 illustrates the influence of polysorbate 20 content on the perme- 
ability of the PVM-MA films. The results correspond to films pre- 
pared from weight ratios of polymer to polysorbate 20 of 9 : 1, 2 : 1, 
and 1 : 1 ,  having thicknesses from 0.066 to 0.071 mm. Films studied 
in distilled water (pH 6.70) were found more permeable to caffeine 
as compared to results obtained with a solution buffered at pH 1.30 
with hydrochloric acid. As expected, less swelling of the films was 
noted for the films immersed in the diffusion medium of lower pH. 
Table 111 summarizes these results. Assuming that the permeability 
constants of the films are directly related to the reciprocal of the 
film thicknesses for the small range of differences involved allows 
their normalization to a constant standard thickness. The values 
for the permeability constants listed in Table 111 have been corrected 
to a constant film thickness of 0.071 mm. to allow the relative 
magnitude of the effects studied to be more readily discerned. 


The permeability coefficients, P, listed in Table 111 are defined by 
the following equations where Vl, Vz, and Cl, C2 refer to the volumes 
and drug concentration within the compartments of the permeation 
cell at any time, t .  The subscript 2 refers to the receiving cell that 
was devoid of drug at zero time. The final concentration ultimately 
approached in the receiving compartment, designated with the sub- 
script 2, is symbolized by C, and is defined by Eq. 2 where Co refers 
to the initial concentration of drug in Compartment 1. 


2.303 Pt  (Eq. 1) 


(Eq. 3) = - 0.071V1 (slope) 
h (Vz + VI) 2.303 


Values of P obtained from Eq. 3 are normalized to a thickness of 
0.071 mm.; the symbol h in the equation denotes the actual mea- 
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sured thickness of a film. The slope referred to in Eq. 3 is a least- 
squares regression value obtained from plots of CZ as a function of 
time in accordance with Eq. 1. Such plots were always observed to  
be reasonably linear as indicated by the values of the corresponding 
correlation coefficients listed in Table 11. This indicates that suffi- 
cient agitation was maintained in the diffusion cell to allow its de- 
scription in terms of two compartments. 


Greater extents of crosslinking in the films are likely responsible 
for the observed reduction of swelling and permeability of the films 
observed to accompany an increased polysorbate 20 content. 


Effect of PVM-MA Polymer Molecular Weight-Films were pre- 
pared with a ratio of polymer to polysorbate 20 of 2 : 1 and 1 : 1 
using higher (169) and lower (139) molecular weight grades of the 
PVM-MA polymer. Using pH 1.30 diffusion medium, the film com- 
posed of the lower molecular grade polymer was more permeable 
to the drug. The permeability coefficients, corrected to constant film 
thickness, are listed in Table 111. The greater permeability of the 
lower weight grade polymer film is not surprising, considering their 
greater solubility and potential for being leached from the film. 
The effectiveness of polysorbate 20 crosslinking in maintaining the 
integrity of the film may be expected to be diminished as a con- 
sequence of the relative reduction in the size of the interacted com- 
ponents. 


Effect of pH on PVM-MA Film Properties-As could be pre- 
dicted from the theoretical considerations previously mentioned, 
the swelling of PVM-MA 169 (2:l  and 4:l)  films was considerably 
retarded in the pH 1.30 buffered diffusion medium as compared to its 
immersion in buffers of pH 5.83 and 7.20. The pH of the latter me- 
dium exceeds the first acidic pK of the polymeric fixed carboxyl 
groups and allows the establishment of a fixed anionic charge density 
within the film. The fixed charge is undoubtedly responsible for the 
observed swelling and the marked increase in the permeability of the 
films at higher pH values. The permeability constants are listed in 
Table 111. Although it is not readily apparent from these values, the 
effect of pH might be expected to be retarded by a further increase 
in polysorbate 20 crosslinking within the films. 


SUMMARY AND CONCLUSIONS 


The application of insoluble films to the coating of tablets or for 
the manufacture or coating of capsules must be accompanied by an 
ability to predict and to control the permeability properties of the 
films. The present study is a first exploratory step toward this goal. 
The study revealed that the PVM-MA films possess promise with 
regard to their application to the control of drug release. The perme 
ability properties of the PVM-MA films can be controlled through 
adjustment of the polysorbate 20 content, molecular weight of the 
polymer, and the initial extent of hydration of the film. However, 
the influence of pH on the permeability of the films precludes a 
film-controlled uniform drug-release rate in all regions of the gastro- 


intestinal tract. In cases where it may be desirable to delay drug 
release until the dosage form reaches the intestinal tract, the in- 
creased permeability of the film observed at higher pH could prove 
to be advantageous. It is conceivable, however, that when a uniform 
drug-release rate is desired, the expected changes in permeability of 
the film in response to  variation of pH in the gastrointestinal tract 
may in part be circumvented by the inclusion of buffering agents in 
the drug formulation contained within the film envelope. The con- 
tinual presence of a constant pH in at least one side of the film could 
function to reduce the change in film swelling and allow the perme- 
ability of the film to approximate more closely the relatively uni- 
form rates obtained in either acidic or alkaline media. In this man- 
ner, the effects of the variations in the external environment could 
be ameliorated. The PVM-MA films do possess sufficient potential 
for eventual practical application and thereby warrant further 
studies into the influence of environment (particularly in vivo), film 
formulation, and the effect of the drug and other components of the 
dosage form on the controlled drug release imposed by the insoluble 
PVM-MA films. However, in any practical application, the elastic 
properties of the films and their ability to resist rupture due t o  
mechanical abuse and osmotic pressure gradients are considerations 
of fundamental importance to the safety of any proposed product. 
These factors must be considered in future work. 
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As a planned semiannual journal published by the Department of 


Health, Education, and Welfare, this journal contains summaries of 
articles published elsewhere. Its purpose is to bring together from 
various sources information concerning emergency medical and 
health care procedures. 


Journal of Texture Studies. An International Journal of Rheology, 
Psychorheology, Physical and Sensory Testing of Foods and 
Pharmaceuticals. Edited by P. SHERMAN and A. S. SZCZESNIAK, 
D. Reidel Publishing Co., P.O. Box 17, Dordrecht, The Nether- 
lands, 1969. 9 + 129 pp. 16 X 24 cm. Price: Single copy, $14; 
Subscription rate, $45 per year. (English) 
In the introduction, the editors state that because of the interdis- 


ciplinary nature of research in textures of foods and pharmaceuti- 
cals, they established this quarterly journal to fill the need of having 
research papers on texture studies published under one cover. In 
addition to original research communications, it will also contain 
abstracts of pertinent papers published elsewhere, book reviews, and 
notices of meetings. Review articles on different facets of texture 
studies are also planned. 


Chemico-Biological Interactions. Edited by G. P. WARWICK, 
Published by Elsevier Publishing Co., P.O. Box 211, Amsterdam, 
The Netherlands, 1969. 1 + 126 pp. 18.5 X 26 cm. Price: 
Subscription rate, Dfl. 90 plus Dfl. 5.40 postage per year. (English) 
The aim of this bimonthly periodical is to bring together papers 


concerned with the study of changes brought about by exogenous 
chemicals in biological systems. An important emphasis will be 
molecular mechanisms. In addition to research articles, short com- 
munications and related review articles will be published. 
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Fluorometric Determination of Salicylic Acid in Aspirin Products 
Including Noninterfering, Interfering, and Buffered Substances 


NORMAN SHANE and DENNIS MIELE 


Abstract A rapid, fluorometric method for the determination of 
salicylic acid in aspirin products in combination with noninterfer- 
ing fluorescent substances, such as phenyltoloxamine citrate, 
glyceryl guaiacolate, and caffeine, interfering fluorescent materials, 
such as hydrogenated castor oil (Castorwax) and salicylamide, and 
buffering agents, such as aluminum glycinate and magnesium car- 
bonate, gave accurate and precise results. The procedure is based on a 
simple dissolution of the crushed tablet in a pH 4.0 buffer solution 
and reading of the filtered solution at activation and fluorescent 
wavelengths of 310 and 410 mp, respectively. An additional opera- 
tion of a chloroform and buffer solution extraction is necessary 
when interfering substances are present. In the case of salicylamide, 
a constant background reading has to be subtracted; however, an 
accuracy of 95.5% was established. For nonaspirin salicylates in 
buffered-aspirin products, the procedure gave results similar to 
those reported by Guttman and Salomon. 


Keyphrases 0 Aspirin dosage forms-salicylic acid determination 0 
Salicylic acid determination-aspirin dosage form, buffered, un- 
buffered 0 Interfering substances-salicylic acid determination 0 
Fluorometry-analysis 


There are many methods in literature for the deter- 
mination of small amounts of salicylic acid in aspirin 
and aspirin products. These involve colorimetry (1-3), 
chromatography (4-7), spectrophotometry (5-lo), and 
titrimetry (1 1). Fluorometric determinations (12-14) 
have been described for the determination of salicylate 
in biological tissues by measurement of the characteris- 
tic fluorescence of the salicylate ion on exposure to UV 
light. 


The present paper describes a simple, fast, fluoro- 
metric determination of salicylic acid in aspirin prod- 
ucts. With no interference of other fluorescent com- 
pounds, separations are not necessary. The ingredients 
can be dispersed in a pH 4 buffer solution, filtered, and 
the salicylic acid content determined fluorometrically. 
With interfering substances that have solubility differ- 
ences in organic systems, a simple extraction can be 
performed. 


For bugered-aspirin tablets, a variety of methods 
(15-18) is described for the determination of total non- 
aspirin salicylates. By treating the sample with HCI- 
citric acid solution and extracting with chloroform and 
then with pH 4 buffer solution, the salicylate content 
can be determined fluorometrically. Results similar to 
the Guttman and Salomon method (18) were obtain- 
able. 


EXPERIMENTAL 
Apparatus and Reagents-Fluorometer-A G. K. Turner As- 


sociates model 2 fluorometer with a 7-60 primary filter (band 
pass 310 mp) and a No. 2A secondary filter (band pass 410 mp) was 
used to obtain the fluorescent readings. A Beckman research pH 
meter was used to measure the pH of the buffer solutions. 


A Beckman DK2 recording spectrophotometer was used to ob- 
tain spectra of the chloroform solution. The results for the buf- 


fered-aspirin tablets were obtained on the Aminco-Bowman spec- 
trofluorometer (4-8100). The activation and emission wavelengths 
were set at 310 and 410 mp, respectively. 


Materials-Spectral grade, analytical reagent chloroform (Merck 
& Co.) was used. All analgesic compounds, i.e., acetylsalicylic acid, 
USP grade; salicylamide, NF grade; acetaminophen, NF grade; 
phenyltoloxamine citrate, USP grade; glyceryl guaiacolate, USP 
grade; salicylic acid, USP grade, were checked by IR spectro- 
photometry. Castor oil’ was also used. The filter units employed in 
the experiment were Whatman folded filter paper No. 2V and the 
Millipore Swinnex-13 using celotate (cellulose acetate) NO. ECPO- 
1300 filter. 


Solutions-(a) pH 4 buffer; prepared by combining a ratio of 7.71 
ml. of 0.2 M disodium hydrogen phosphate and 12.29 ml. of 0.1 M 
citric acid. (6)  Seventeen milliliters of concentrated hydrochloric 
acid and loo0 ml. of 0.1 Mcitric acid. 


Tablets-Powdered mixtures of the following composition were 
analyzed: (a) 325 mg. of aspirin; (6) 325 mg. of aspirin and 146 mg. of 
castor oil; (c) 195 mg. of aspirin, 130 mg. of salicylamide, 98 mg. of 
acetaminophen, and 65 mg. of caffeine; and ( d )  325 mg. of aspirin, 
97 mg. of magnesium carbonate, and 49 mg. of aluminum glycinate. 


PROCEDURE 


Absence of Interfering Substances-Cdibration-To five SO-ml. 
volumetric flasks, 0.1,0.2,0.3,0.5, and 1.0 mg. of salicylic acid were 
added. Buffer solution,pH 4, was added to each flask, which was then 
shaken for 30 sec. and filtered. Five milliliters of the filtered solution 
was added to a cell and placed in the fluorometer which was initially 
set to zero with the buffer solution. When a steady state was achieved 
(approximately 1 min.), readings were taken. 


Method-A tablet was crushed and transferred to a 50-ml. 
volumetric flask. The contents were brought to volume with pH 
4 buffer solution, shaken vigorously for 30 sec., and then filtered. 
Proceed as described in the previous calibration beginning: “Five 
milliliters of the filtered solution was added. . . . ” 


Presence of Interfering Substances-Calibration for Tablets Coated 
with Castor Oil-To five separators, 0. I ,  0.2,0.3,0.5, and 1.0 mg. of 
salicylic acid were added. To each separator, 25 ml. of chloroform 
was added and shaken for 30 sec. The chloroform solution was ex- 
tracted with three 15-ml. portions of buffer solution; the buffer 
extracts were transferred to a 50-ml. volumetric flask and adjusted 
to volume. Five milliliters of the solution was added to the cell and 
read in the fluorometer that had been previously standardized with 
buffer solution. Readings were taken at equilibrium. 


A tablet was crushed and transferred to a 125-ml. separator. 
Proceed as described in the previous calibration beginning: “To 
each separator, 25 ml. of chloroform was added and shaken for 30 
sec.. . . ” 


For tablets containing aspirin, acetaminophen, salicylamide, and 
caffeine, a tablet was crushed and put into a 50-ml. volumetric 
flask which was brought to volume with chloroform. The solution 
was shaken vigorously for 1 min. and transferred with as much 
residue material as possible to the separator, allowing a few seconds 
for the complete drainage of the flask. Fifty milliliters of buffer solu- 
tion was then added, and the separator was shaken vigorously for 30 
sec. The lower chloroform layer was completely drained, including as 
much filmy interface as possible. (The clarity of the division of the 
two layers is enhanced by gently swirling the flasks as the layers 
separate. This enables the trapped air bubbles in the chloroform 
layer to escape to the surface. If these bubbles do not disappear, 


1 Castorwax, The Baker Castor Oil Co., Bayonne, N. J. 
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Table I-Recovery Efficiency of Salicylic Acid from 
Recrystallized Aspirin" 


Table 111-Recovery of Salicylic Acid in Powdered Mixtures of 
Aspirin, Salicylamide, Acetaminophen, and Caffeine 


Corrected 
Wt. 


Salicylic Salicylic 
Recrystd. Acid Total Wt. Acid 
Aspirin, Added, Salicylic Acid Found, 


mg. mg. Found, mg. mg. 


305.8 None 0.097 (0.032 %) - 
315.0 None 0.097 (0.031%) - 
325.1 None 0.109 10.03473 - 


- 
- 


335.5 None o.ii3 i0.0342j 
345.3 None 0.117 (0.034%) 
356.1 None 0 . 1 2 0 ( 0 . 0 3 4 ~ )  - 
300.2 0.127 0.225 0.126 
325.3 0.127 0.238 0.131 
345.5 0.254 0.371 -~ . 
301.1 0.254 0.351 
324.4 0.508 0.617 
345.0 0.508 0.625 
355.9 1.016 1.135 
325.1 1.016 1.126 


. . -~ ~ 


0.257 
0.252 
0.510 
0.511 
1.018 
1.019 


Re- 
covery, 


7z 


99. 
103. 
101. 
99. 


100. 
100. 
100. 
100. 


~ ~~~~- 


a The average of salicylic acid found in recrystallized aspirin was 
0.033%; this amount was used to calculate the weight found in the com- 
position composed of both aspirin and added salicylic acid in Tables I 
and 11. 


they should be drained with the chloroform.) The buffer solution 
was transferred to a 100-ml. volumetric flask through the top of the 
separator. The separator was rinsed with an additional 10 ml. of 
buffer, which was then transferred to the previous flask that was 
brought to volume with additional buffer solution. The solution was 
filtered using the Millipore filter. Five milliliters of the filtered solu- 
tion is read on the fluorometer that has been standardized with 
buffer solution. Two samples should be read, and if the readings 
differ by more than one unit, a third sample is required. Readings 
should be taken after allowing the instrument to equilibrate with 
the sample inside for 1 min. 


For buffered-aspirin tablets containing aspirin, magnesium car- 
bonate, and aluminum glycinate, a tablet was crushed and placed in a 
125-ml. separator. HCI-citric acid solution, 25 ml., was added. After 
the effervescence ceased, two 25-ml. chloroform extractions of the 
mixture were made and saved. The combined chloroform extracts 
were then extracted with two 25-ml. portions of buffer. The 
buffer extracts were placed in a 100-ml. volumetric flask and 
brought to volume. Some of this aqueous solution was filtered, and 
a 5-ml. aliquot was added to the cell and read on the Aminco 
spectrofluorometer. Readings were taken after the instrument was 
equilibrated with the sample inside for 1 min. 


RESULTS AND DISCUSSION 


Studies of the fluorescent properties of salicylic acid as a function 
of pH show that the fluorescent spectra arise from different ionic 
forms (19). The stable spectrum of the acid arises from the singly 
ionized form. Figure 1 shows the plots of pH oersirs fluorescence 


Table 11-Recovery of Salicylic Acid from Recrystallized 
Aspirin and Castor Oil 


Total Corrected 
Wt. Wt. 


Salicylic Salicylic Salicylic 
Recrystd. Castor Acid Acid Acid Re- 
Aspirin, Oil, Added, Found, Found, covery, 


mg. mg. mg. mg. mg. % 


300.5 126.5 0.101 0.200 0.101 100.0 
316.0 136.1 0.101 0.203 0.099 9S.O 
324.5 176.3 0.202 0.312 0.205 101.5 
335.4 155.8 0.202 0.315 0.204 101.0 
345.7 166.1 0.404 0.523 0.409 101.2 
356.1 177.0 0.404 0.522 0.405 100.3 
301.1 177.1 0.808 0.903 0.804 99.5 
325.2 125.4 0.808 0.927 0.820 101.5 


Addition Fluorometric 
Salicylic Acid Reading 
to Powdered Adjusted for Reading/mg. 


Mixtures, mg. Background Salicylic Acid 


1.98 
2.58 
3.45 
4.00 
4.16 
4.84 
5.07 
5.58 


21.5 
25.4 
34.5 
39.1 
40.2 
48.3 
49.2 
54.3 


10.86 
9.84 


10.00 
9.75 
9.66 
9.98 
9.68 
9.73 


(19). At pH 4, the monosalicylate ion levels off in fluorescent in- 
tensity. The detection limit of the salicylic acid at pH 4 is around 
0.1 p.p.m. 


Aspirin shows a rate constant of about 0.1 day-' at 17" at pH 4 
(8). At room temperature during the time period of the above ex- 
periments, aspirin showed a negligible decomposition. 


The determination of salicylic acid in aspirin products in these 
experiments is based on the fact that the aspirin compound does 
not fluoresce while salicylic acid does at pH 4. At this pH, aspirin 
decomposition is negligible. For the experiment on noninterfering 
substances, aspirin, having starch as the excipient, gave results as 
shown in Table I. I 


In the analysis of aspirin tablets coated with castor oil, the 
tablets were dissolved in chloroform and extracted with pH 4 buffer 
solution. The salicylic acid forms the monosodium salts with the 
buffer solution and remains in the aqueous layer. Results are shown 
in Table 11. 


For the determination of salicylic acid in tablets containing 
aspirin, salicylamide, acetaminophen, and caffeine, a fluorometric 
procedure was developed in which the ingredients were dissolved 
in chloroform, and aspirin and salicylic acid were extracted into a 
buffer solution. The interference of the major ingredient is limited 
by the chloroform extraction and the use of the buffer. Salicylic 
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Figure 1-Plot of p H  versus fluorescence for salicylic acid and 
salicylamide. Key:--, salicylic acid: and - - -, salicylamide. 
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acid can be determined with an accuracy of ~ t0 .15  mg. at levels of 
1 mg. The values may be simply calculated from a suitable cal- 
ibration curve. 


The fluororneter is especially useful in the determination of very 
small amounts of salicylic acid in the presence of large amounts of 
the ingredients of the tablet because its fluorescence per unit weight 
is much larger than that of the active ingredients. If the amount of 
salicylic acid in the tablet is as small as 2 mg., it would represent 
only 1.6% of the respective standard amount of salicylamide, the 
only ingredient which exhibits fluorescence at this pH. Figure 1 
shows the effect of pH uersus fluorescence of a solution containing 
1 mg. of salicylic acid and 10 mg. of salicylamide. The optimum 
condition for determining salicylic acid in the presence of sali- 
cylamide was at pH 4. The actual amount of the fluorescence of 
salicylamide is limited by chloroform extraction and buffer opera- 
tion. The reading of the salicylamide is depressed because 90% of 
it has been removed. The ratio of anionic to undissociated species 
is 10 : 1 in both aspirin and salicylic acid and only 1 : 104 in salicyl- 
amide, and it is the anionic species which fluoresces to the largest 
extent. 


The background reading of the tablet has been carefully deter- 
mined by using a large number of runs. Tablet mixtures were 
simulated by weighing the standard amounts of the four com- 
ponents. The quantity of salicylic acid in each of the two com- 
ponents (aspirin and salicylamide, which gave readings) were care- 
fully determined. Neither acetaminophen nor caffeine gave fluo- 
rescence under the conditions of this analysis. The salicylic acid 
content of aspirin was determined by using an iron (111) cornplexing 
technique (20)-0.128 mg./195 mg. of aspirin. Using a titration in 
nonaqueous medium with methanolic potassium hydroxide, it was 
determined that there was a negligible amount of salicylic acid in sali- 
cylamide, and the reading of salicylamide was a result of salicylamide 
fluorescence. The observed background of the composed tablet is 
32.5. The salicylic acid content of the composed tablet gave a read- 
ing of 1.2; therefore, the adjusted background is 31.3 (four com- 
ponents with nosalicylic acid). 


The observed readings of fresh commercial tablets varied from 
32.5 to 35.8. Individual batches were consistent among them- 
selves, alternating between 0.13 and 0.45 mg. of salicylic acid in the 
tablets. 


The data, summarized in Table 111, were acquired through the 
addition of salicylic acid to a weighed portion, equivalent to one 
tablet, of a powdered mixture made from 10 tablets. The tablet 
background was obtained from the measurement of a given amount 
of the mixture and subtracted from the observed reading to deter- 
mine the increase resulting from the addition of salicylic acid. The 
data are plotted in Fig. 2. 


The best straight line through the data points is obtained by 
using a least-squares method (21). The calculated straight line is 
where y = 9.631 + 0.85, y = adjusted Ruorescence reading, 
and x = milligrams of salicylic acid added. 


Adjusting the background and initial salicylic acid content, the 
equation can be solved to find the total amount of salicylic acid 
per tablet to give 


32.1 
x = Yl - 9,ti3 


where y ,  is the observed fluorometer reading. 
The average deviation of calculated values from the actual values 


is 0.06 mg., representing an average relative error of 2.00% with a 
standard deviation of 0.074; one can be 95.5% confident of being 
accurate to within 0.15 mg. and 99 .7z  confident of being accurate 
within 0.22 mg. 


However, the deviations in the observed data are not the only 
errors involved. An error of 10.05 mg. is introduced by uncertain- 
ties in the fluorometer readings (readings are good only to 10.5 
division). The major error is a result of the tolerance limits of the 
ingredients. Limits of *lo% significantly alter the readings of the 
background. This introduces an error of h0.3 mg. in the final 
determination of salicylic acid. However, as there are extremes, 
salicylamide and aspirin must both be either high or low by 10% 
to obtain such a large error; this large deviation is unlikely. This 
large error can only be eliminated by: (a) determining the salicyl- 
amide and aspirin contents of the tablets, and (b)  adjusting the back- 
ground accordingly. 


By employing a high source intensity xenon lamp and a grating 
instrument rather than the one incorporating band filters and a 


Table IV-Results of Salicylic Acid Determination by the Method 
of Guttman and Salomon and by Fluorescence" 


Batch Salicylic Acid Found X6 SDC 


Guttman and Salomon Method, mg. 
A 0.6,  0 . 6 ,  0 .7 ,  0 . 6 ,  0.95 0.690 0.1516 
B 1.9 ,  1 .6 ,  2 . 1 ,  1.8,  1 .7  1.820 0.1924 
C 4.2 ,  3 .7 ,  4.3,  3.7, 3 .8  3.940 0.2881 


Fluorescence, 
mg. 


A 0 . 7 ,  0 .6 ,  0 . 8 ,  0 .7 ,  0 .6  0.680 0.0837 
B 2.0,  1 .8 ,  1 .7 ,  1 .9 ,  1.8 0.680 0.0837 
C 4.3,  4 .0 ,  3 .7 ,  4.0, 3.7 3.940 0.0630 


a Results obtained on the analysis of salicylic acid content on buffered 
aspirin composed of 325 mg. of aspirin, 97 mg. of magnesium car- 
bonate, and 49 mg. of aluminum glycinate. The different batches con- 
tained buffered aspirin at 'various environmental conditions. b ? = 
means of results. c S D  = standard deviation. 


mercury lamp source (as used in these experiments), a more 
monochromatic system for maintaining an exact activation and 
fluorescent spectrum would permit a lesser background effect and a 
higher intensified signal at the appropriate selected wavelengths. 


For buffered-aspirin tablets, Guttman and Salomon (1 8) indicated 
that current assays are unsuitable in the analysis of salicylic acid due 
to adsorption of acid by buffering components, and chloroform- 
insoluble buffering agents can catalyze a conversion of aspirin in 
chloroform solution to a compound determined as salicylic acid. 
They showed that treatment of the sample with citric acid mono- 
hydrate inhibited the problems. To convert the salts of salicylic 
acid, a strong acid was added. However, Guttman and Salomon 
indicated that the aspirin was degraded by this treatment in chloro- 
form to salicylic acid during the time period required for sample 
dissolution and from the adsorption of aspirin to solids which 
hydrolyzed during the strong acid treatment. They circumvented 
the problems by treating the powdered buffered tablets with citric 
acid monohydrate. Separation of salicylic acid from aspirin was 
accomplished chromatographically in these procedures (16,18). 


Table IV shows the determination of salicylic acid in buffered- 
aspirin tablets by fluorescence and the Guttman and Salomon 


I I I 1 
0 1 2 3 4 5 


SALICYLIC ACID ADDED, mg. 


Figure 2-Calibration curlje for salicylic acid and powdered mixture 
containing aspirin, acetaminophen, salicylamide, and caffeine. Key: 
0-0, least-squares straight line. 
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method. As shown in the table, there is no statistical difference 
between the methods with respect to the means and variances. 


After the HCI-citric acid solution is added to the crushed tablet, 
a pH of 0.9-1 is observed. Slight effervescence occurs but subsides in 
less than 1-2 min. The extraction of the undissociated salicylic 
acid and aspirin by chloroform is then accomplished. The aspirin 
and salicylic acid are extracted from the chloroform solution by the 
buffer solution. The whole experiment takes about 10 min. 


To ensure complete extraction of salicylic acid and aspirin into 
the chloroform solution, some of the aqueous phase was treated 
with 1 N NaOH and tested for the absence of salicylate fluo- 
rescence. Also, to be assured of complete extraction of salicylic 
acid from the chloroformic solution, some of the organic phase was 
run on the sprctrophotometer to observe the absence of salicylic 
acid. 
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Gas-Liquid Chromatography of &Biotin 


V. VISWANATHAN, F. P. MAHN, V. S. VENTURELLA, and B. Z. SENKOWSKI 


Abstract 0 A rapid and specific gas chromatographic method has 
been developed for the detection and determination of d-biotin. 
This technique has been found applicable t o  agricultural premixes 
and pharmaceutical injectable preparations. After suitable pre- 
liminary extraction, the biotin silyl ester is prepared using bis- 
(trimethylsily1)acetamide (BSA) reagent. The silyl ester of d-biotin 
exhibited good peak symmetry and a linear response when utiliz- 
ing a hydrogen flame ionization detector with a 2% OV-17 column 
operated at a temperature of 190”. The conditions for the assay of 
d-biotin in several preparations are described employing n-octa- 
cosane as the internal standard. The standard deviation of the 
developed procedure under the conditions studied was =k2.7Cj,. 


Keyphrases 0 d-Biotin-determination 0 Parenterals, agricultural 
premixes-d-biotin analysis 0 n-Octacosane-internal standard 0 
GLC-anal ysis 


d-Biotin is widely distributed in animals and plants 
and was first isolated from egg yolk (1). It is required in 
comparatively small amounts for the growth of bacteria, 
plants, and animals and appears to  be related to the 
process of cell development. In 1940, GyBrgy et al. (2) 
published their work on the identity of biotin. In the 
following 2 years, du Vigneaud et al. (3, 4) established 
the empirical and structural formulas. In 1943, Harris 
et al. ( 5 )  synthesized d-biotin (the naturally occurring 
form) and in 1949, Goldberg and Sternbach (6) patented 
their findings of a more economical synthesis. 


While several microbiological techniques are cur- 
rently employed for the determination of d-biotin, a 
comprehensive survey of the literature indicated that 
GLC had heretofore not been employed for quantitative 
analysis. A considerable number of satisfactory GLC 
procedures have been reported for various water-soluble 
vitamins. These procedures involve the preparation of 
the appropriate trimethylsilyl derivatives (ester or ether) 
prior to GLC analysis. 


Carboxylic organic compounds, such as biotin, are 
not sufficiently volatile for direct analysis employing 
GLC. However, the chemical structure of d-biotin in- 
dicated the possibility of substituting the active hydro- 
gen of the carboxyl group with a silyl group, thereby 
making the gas chromatographic analysis possible. 
Horning et al. (7) mentioned the qualitative response 
of d-biotin silyl ester in their study of urinary acids and 
related compounds. 


This paper describes the quantitative GLC determina- 
tion of d-biotin after the conversion to its silyl ester with 
bis-(trimethy1silyl)acetamide (BSA). The derivative is 
easily formed and serves very well for quantitative 
analysis. The linearity of detector response with concen- 
tration injected, reproducibility, recovery data, and pro- 
cedures for handling several types of dosage forms are 
described. 
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Bead Polymerization Technique for 
Sustained-Release Dosage Form 


S. C. KHANNA*, T. JECKLIN?, and P. SPEISER 


Abstract [7 The bead polymerization technique has been studied 
for the preparation of a sustained-release dosage form. This tech- 
nique has been employed in aqueous outer phase for many water- 
insoluble monomers with and without drug. Different concentrations 
of water-soluble acidic monomers (01- and 8-methacrylic acids) 
have been incorporated with these water-insoluble monomers 
in an attempt to improve the solubility and swelling property of the 
beads and hence the release of drug embedded in them in artificial 
gastrointestinal buffer juices. To prove the applicability of this 
method for the preparation of a pharmaceutical dosage form, the 
beads of various monomers and their mixtures in the presence of 
different drugs have been prepared. The influence of drug on the 
property of the beads has also been studied. 


Keyphrases [7 Sustained-release dosage form-bead polymerization 
Polymerization process-sustained-release dosage form 0 


Diagram-bead polymerization apparatus 0 Particle-size deter- 
mination-bead polymers 0 Drug effect-bead polymer formation 


The sustained-release dosage form constitutes an 
important part of modern pharmaceutical technology. 
Such an oral dosage form is often desirable to impart 
sustained-release or long-acting therapeutic effects and 
is commercially useful. A variety of methods and tech- 
niques has been employed for preparing such a dosage 
form, and approximately 1000 pharmaceutical patents 
have been issued in the last 15 years. The natural and 


~- ~ ~~ ~~ ~ 


Figure 1-Apparatus for bead polymerization. 


synthetic polymers, waxes, and many other materials, 
either alone or combined, have been frequently em- 
ployed for coating powder particles or granules, using 
conventional (I), spray drying (2), and other methods of 
coating in an attempt to prepare sustained-release 
dosage forms. Beads of different waxes (3) and epoxy 
resins (4) have also been reported for obtaining such 
products. The methods so far have mostly employed 
polymers, but polymerization techniques in which the 
drug can be embedded during polymerization of a 
single monomer or the combination of a few monomers 
have received little or no attention. 


The monomers and catalyst used for polymerization 
are relatively toxic substances. However, the pure poly- 
mers obtained from these monomers are nontoxic and 
harmless to human beings. Most monomers employed 
in this study are those whose polymers in one form or 
another have already been in use for pharmaceutical 
purposes, e.g., acrylates ( 5 )  and vinyl acetate (6). 


In the present study, the possibility of using one of the 
methods of polymerization, known as bead polymeriza- 
tion or pearl polymerization, for the preparation of a 
sustained-release dosage form has been explored (7). 
Various monomers alone or in combination with others 
have been prepared in bead form with and without 
drugs. The effect of drugs on the properties of the beads 
obtained has also been investigated. 


METHODS OF POLYMERIZATION 


Polymerization can be carried out by the following four methods: 
(a) bulk or block polymerization; (6) bead or pearl polymerization; 
(c)  emulsion polymerization; and (4 solution polymerization. The 
latter two polymerization methods can be employed for pharma- 
ceutical purposes but are less common because of the high content 
of the monomers left in the polymers after the polymerization is 
over. The bulk polymerization method may become inconvenient 
for thermolabile drugs because heat of polymerization is evolved 
during the process. This can be quite high for many monomers and 
may cause decomposition of the drug. 


Bead polymerization was first carried out in 1931 (8). How- 
ever, this method was successfully applied only after effective sus- 
pension stabilizers were found. The bead polymerization method is 
similar to the bulk polymerization with respect to  reaction kinetics, 
but the monomer or the mixture of monomers is dispersed by strong 
mechanical agitation into droplets in a second liquid phase in 
which both the monomer and the polymer formed are essentially 
insoluble. The monomer droplets, which are larger than those of a 
true emulsion, are then polymerized by heating with the catalyst. 
The dispersion is maintained during this time by continuous agita- 
tion. The suspending liquid, mostly water, acts as a cooler when 
the high amount of the heat of polymerization is evolved during 
the process. Suitable agents are added to the suspended liquid to 
hinder the coalescence of the droplets during polymerization. The 
polymerization takes place in the individual monomer droplets; 
these polymerized droplets are called beads or pearls. These beads 
can easily be separated from the aqueous phase when stirring is 
discontinued. Thus the bead polymerization method overcomes the 
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Table I-Beads of Methyl Methacrylate and a-Methacrylic Acid with Chloramphenicol 


7 FOrmu]ap ____- __--______ 
Materials 1 1.1 2 2.1 3 3.1 4 4.1 


Inner phase 
Methyl methacrylate, g. 
a-Methacrylic acid, g. 
Chloramphenicol, g. 


Carboxyvinyl polymer, g. 
Sodium sulfate, anhyd., g. 
Sulfuric acid, concn., ml. 
Water, ml. 


Catalyst (benzoyl peroxide), g. 
Speed of stirrer, r.p.m. 
Temp. of polymerizn. 
Time of polymerizn., hr. 
Drying temperature 
Washing medium 
Yield 
Amount of drug 


in beads, % 


Outer aqueous phase 


80 66.6 53.0 33.3 27.0 
- 33.3 21.0 66.6 53.0 


20.0 - 20.0 20 


100 
- 


- - 


0 . 9  0.9 0.9 0 . 9  0.9 0.9 
- 15.0 15.0 30.0 30.0 
- 6.0 6.0 6.0 6 . 0  


300 300 300.0 300.0 300.0 300.0 
0 . 2  0.2 0 . 2  0.2 0.2 0.2 


120 120 120 1 20 1 20 120 
10-75 10-75 14-80 14-80 14-80 74-80 
24 24 1 I 7 1 
60 60 60 60 60 60 


- 
- 


Water Water Water Water Water Water 
94 80 93 81 95 15 


1.0 - 19.5 - 15.0 - 


0.9 
60.0 
- 
300.0 


0.2 


80-95 
120 


6 
60 


96 
HCI, 20% v/v 


- 


80 
20 


0 . 9  
60.0 
- 
300 


0 . 2  
1 20 
80-95 
6 


60 
HC1, 2 0 z  v/v 
80 


9.5 


Table 11-Beads" of Vinyl Acetate and Crotonic Acid with Chlorothiazide 


-~ Formula- - 
Materials 5 5.1 6 6.1 1 1 . 1  8 8.1 9 9 .1  


Inner phase 
Vinyl acetate, g. 98.0 18.4 95.0 16.0 92.0 13.6 89.0 71.2 86.0 68.8 
Crotonic acid, 8. 2.0 1.6 5 .0  4.0 8.0 6.4 11.0 8.8 14.0 11.2 
Chlorothiazide,-g. - 20.0 - 20.0 - 20.0 - 20.0 - 20.0 


Outer aqueous 300 ml. 


Yield, g. 85 71 95 18 88 80 95 82 86 16 
Amount of drug 


in beads, %" 


phaseb 


a General conditions for polymerization: catalyst (cY,d-axo-isobutyronitrile), 1.0 g.; speed of stirrer, 100r.p.m.; temperature of polymerization, 60- 
65' ;  time of polymerization, 36-38 hr.; washing medium, ice cold water; drying temperature, in vacuum a t  30". b Composition of the outer aqueous 
phase: polyvinylpyrrolidone 0.2 g., sodium hypophosphite 2.1 g. ;  water 300 ml. c In  all cases, negligible (perhaps just on the surface of the beads). 


20 


0.2 0.4 0.6 0.8 
SIEVE OPENING, mm. 


Figure 2-Percent cumulative undersize of bead formulations I ,  1.1, 
2, and 2.1. K e y : o ,  I ;  e, 1.1; A, 2; and A, 2.1. 
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Figure %Percent cumulative undersize of bead formulations 6, 
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Table III-Beads of Composed Copolymers Containing Nl-6-Methoxy-2-(methoxymeth yl)-Cpyrimidinyl Sulfanilamide 


Materials" 
- Formula 


10 10.1 11.1 12.1 13.0 13.1 14 14.1 15 15.1 16 16.1 17 17.1 


Inner ohase r ~~~~~ - ~~~~~~~ 


Methyl methacrylate, g. 30.0 22.5 21.0 15.0 - - - - - - - - - - 
a-Methacrylic acid, g. 40.0 30.0 30.0 30.0 50 40 50 40 50 40 50 40 50 40 
Polyvinylacetate- 


crotonic acid (92: 8), g. 30 22.5 22.5 22.5 30 24 25 20 20 16 15 12 10 8 
Divinylbenz. (50%) - - 1.5 2.5 20 16 25 20 30 24 35 28 40 32 


27.0 27.0 27.0 - 20 - 20 - 20 - 20 - 20 Sulfa-drug - 


Outer aqueous Dhase 
Carbokyvinyi polymer, g. 0.80 0.96 0.96 0.96 1.2 1.2 1.2 1 . 2  1.2 1.2 1.2 1.2 1.2 1.2 
Sodium sulfate, anhydrous, g. 40.0 48.0 48.0 48.0 60.0 60 60 60 60 60 60 60 60 60 
Sodium hydroxide, g. 0.5 0.8 0.8 0.8 - - - - - - - - - - 
Water, ml. 200 240 240 240 300 300 300 300 300 300 300 300 300 300 


Catalyst (Ly,a'-axo-iso- 
butyronitrile), g. 


Speed of stirrer, r.p.m. 
Temp. of polymerizn. 
Time of polymerizn., hr. 
Drying temperature 


- 0.1  0.1 0 .1  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
300 300 300 300 300 300 300 300 300 300 300 300 300 300 
60 60-70 60-70 60-70 70 70 70 70 70 70 70 70 70 70 


2 2 2 2 5-6 5 6  5-6 5-6 5-6 5-6 5-6 5-6 5-6 5-6 
40 40 40 40 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0  


Yield - 88.0 81 86 96 92 95 92 95 89 98 92 95 85 
Amount of drug in beads, - 26.5 25.8 26.0 - 18.6 - 18.8 - 15.8 - 18.8 - 15.9 


a Washing medium-water in all cases. 


disadvantages of the other polymerization methods and has the 
further advantage that the drug is homogeneously distributed in the 
uniform tiny spheres. 


EXPERIMENTAL 


Materials Used-Monomers-a-Methacrylic acid,' methyl meth- 
acrylate,' vinyl acetate,' crotonic acid' (8-methacrylic acid), and 
divinylbenzene in ethylvinylbenzene as 45-55 solution.' 


Polymers-Polyvinylacetate with 8 
Catalysf--a,ru '-Axo-diisobutyronitrile and benzoyl peroxide. 1 


Suspension StabiZizers-Carboxyvinyl polymers3 and polyvinyl- 
pyrrolidone. 


Drugs-Chloramphenicol USP, Nl-6-methoxy-2-(methoxy- 
methyl)-4-pyrimidinyl sulfanilamide,l chlorothiazide, pentobarbital 
and its sodium salt, papaverine base, hydrocortisone, and l-ethyl-l- 
phenylglutarimide.6 


Method of Preparation-Apparatus-A three-necked flask con- 
nected to a reflux condenser and an inert gas (nitrogen or carbon 
dioxide) supply was used. Through the remaining central wide 
opening, a stirrer was inserted. The flask was maintained at a con- 
stant temperature with a thermostatic water bath to control the 
reaction of the polymerization process (Fig. 1). 


Procedure-The continuous outer phase consisting of water, 
protective colloid, and other additives (described under individual 
preparations) was heated in the three-necked flask to the desired 
temperature. The monomer, with or without drug, was added to  the 
continuous phase and stirred at the optimum speed to form the 
desired size of monomer droplets. The catalyst was then added to  
effect the polymerization reaction under the inert gas flow. When 
the droplets were polymerized completely into solid beads, they 
were removed and washed with excess water or acidic aqueous solu- 
tion to remove the impurities on the surface. These were then dried 
at an appropriate temperature with or without a vacuum. The 
different formulas prepared are given in Tables I-IV. 


Determinations- Yield of Beads-The total amount of beads 
obtained after washing and drying was weighed, and this weight 
was taken as the yield for that preparation (Tables I-IV). 


Amount of Drug in Beads-The polymer beads obtained were 
powdered and passed through a fine sieve. Approximately 0.5 g. 


crotonic acid. 2 


1 Purchased from Fluka AG, Buchs, Switzerland. Pure ,monomers 
are stabilized with 0.01 % hydroquinone. These were distilled under 
vacuum at appropriate temperature before use in presence of copper 
powder to remove hydroquinone. 


2 Supplied by Ciba AG, Basel, Switzerland. 
3 Carbopol934 and 941, B. F. Goodrich Chemical Co., Ohio. 
KoIlidone 25, BASF, Ludwigshafen, West Germany. 
Ba 35 092, Ciba AG, Basel, Switzerland. 
'Doriden, Ciba AG, Basel, Switzerland. 


accurately weighed powder was suspended in different 1-1. buffer 
solutions for 2 days. The amount of the drug dissolved in these 
buffer solutions from these powders was determined spectropho- 
tometrically (Tables I-IV). 


Particle-Size Distribution-A known amount of beads was used 
for sieve analyses to determine the particle-size distribution. The 
results for a few preparations of Tables I and I1 are presented as 
percent cumulative undersize of beads (Figs. 2 and 3). 


RESULTS AND DISCUSSION 


Choice of Monomers and Polymers for Polymerization-The 
choice of the monomers and the polymer to be added to them for 
polymerization in bead form depends on the following considera- 
tions: 


1. The composition employed should be easily capable of poly- 
merization at a relatively low temperature in the presence of the 
drug. 


2. The polymer obtained should be mechanically hard, chemi- 
cally stable, and free from monomers. 


3. The beads should show specific properties of dissolution and/or 
diffusion of the embedded drug in gastrointestinal fluids. The 
presence of acidic groups in the beads increases the solubility in the 
neutral and alkaline buffer solutions (artificial duodenum and in- 
testinal juices, i.e., sustained dose) (9). The presence of network- 


01 
10 30 50 70 90 100 


70 a-METHACRYLIC ACID MIXED WITH METHYL METHACRYLATE 


Figure &Solubility of a-methacrylie acid in water and sodium 
sulfate solution. Key: A ,  in water; B, in 2 0 x  sodium sulfate solution. 
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Table IV-Beads" of Composed Copolymer in Presence of Different Drugs in Various Concentrations 


Formula 
18.1 18.2 18.3 19.1 20.1 20.2 20.3 20.4 21.1 22.1 


1-Ethyl- 
Sodium 1-nhenvl 


Materials r 


Pento- Hydro- ~ 61;:- 
-Pentobarbital- barbital I Papaverine . cortisone tarimide 


Inner phase 
Methyl methacry- 


late, g. 
a-Methacrylic acid, g. 
Polyvinylacetate 


-crotonic acid, g. 
(92:8) 


Drug, g. 
Outer aqueous phase 


Carboxyvinyl 
polymer, g. 


Sodium sulfate, 
anhydrous, g. 


Sodium hydroxide, g. 
Water, ml. 


Yield, g. 
Amount of drug 


in beads, z 


27 
36 


27 
10 


1 .o 
48.0 
0.5 


240 
96 


9.3 


24 
32 


24 
20 


1 .o 
48.0 
0.5 


240 
89 


19.2 


21 21 
28 28 


21 21 
30 30 


1.0 0.8 


48.0 40.0 
0.5 - 


240 200 
73 91 


29 32.7 


27 
36 


27 
10 


1.2 


60.0 
0.35 


300 
79 


9.8 


24 21 
32 28 


24 21 
20 30 


1.2 1.6 


60.0 75.0 
0.4 0.5 


300 375 
94 95 


19.3 29.1 


18 
24 


18 
40 


1.6 


75.0 
0.7 


375 
66 


39.5 


27 
36 


27 
10 


0.8 


40.0 
0.35 


200 
97 


10.2 


15 
20 


15 
50 


0.8 


40.0 
0.6 


200 
94 


47 


a General conditions for polymerization: catalyst (benzoyl peroxide), 0.6 g.; speed of stirrer, 25G300 r.p.m.; temperature of polymerization, 60"; 
time of polymerization, 2-2.5 hr.; drying temperature, 40"; and washing medium, water. 


forming monomers in copolymers such as divinylbenzene decreases 
the swelling and solubility of copolymers in buffer solution. 


Choice of Additives in the Outer Phasc-The right type and 
amount of protective colloids in the aqueous outer phase prevent 
the monomer droplets from deforming and sticking to each other 
during polymerization. The choice in the outer phase depends 
mainly on the properties of the monomers used, the protective prop- 
erty at the selected pH, and the presence of electrolytes. The con- 
centration of the protective colloid in the outer phase affects the 
bead size and may even lead to the formation of emulsions in the 
high concentrations. Hence, for each preparation, the optimum 
amount of protective colloid must be determined. The presence of 
the electrolyte, sodium sulfate, in the aqueous phase is necessary to 
decrease the solubility of the water-soluble monomer such as 
a-methacrylic acid in water (salting-out effect). Figure 4 shows the 
solubility of a-methacrylic acid from the mixtures of methyl meth- 
acrylate and a-methycrylic acid inwater and 20 z w/v sodium sulfate 
solution. However, the presence of such an electrolyte in water 
increases the interfacial tension between the monomeric phase and 
the outer aqueous phase. This latter effect may be strong enough to 
disturb the bead polymerization system, so it is always desirable to 
balance these two effects carefully. In principle, many protective 
colloids can be used, provided the electrolyte causes no salting-out 
effect on them in the aqueous phase. Carboxyvinyl polymers are 
stable in the presence of electrolytes between pH 4 and 11 and are 
employed in this study when electrolytes are present in the aqueous 
outer phase; otherwise, polyvinylpyrrolidone is the protective 
colloid used. 


When the right type and amount of the protective colloid are used 
in the outer aqueous phase, the polymers prepared show mostly 
spherical form. However, the formation of a certain percentage of 
small agglomerates, twins, and deformed beads cannot be com- 
pletely avoided. The appearance of the beads, whether transparent 
or opaque, depends on the solubility of the drugs in the inner 
monomeric phase. The preparation takes mostly the color of the 
drug used. 


The yield of the beads ranges from 75 to 95z for different prepara- 
tions. This loss may be due either to the formation of micelles or 
tiny spherical particles which are lost during filtration and washing 
of the beads or to the evaporation of a small amount of monomer 
at the polymerization temperature. Hence the polymerization should 
be carried out below the boiling temperature of the monomer to 
avoid the loss due to the latter reason. Further, it may be observed 
from Tables I-IV that the yield in the presence of drug is always less 
than when the drug is absent. This loss can be due to the preferential 
solubility of the drug in, or the affinity of the drug for, the aqueous 


outer phase rather than those in or for the monomeric phase. This 
type of loss is further proved by determining the amount of drug 
present in the beads after polymerization is over (Tables I-IV). 
Drugs having no affinity for the monomeric phase could not even be 
embedded in the beads during polymerization as in the examples of 
chlorothiazide with vinyl acetate and crotonic acid (Table 11). 


The beads show a large range of particle size distribution varying 
between 0.3- and 1.0-mm. diameter. In the presence of drugs- 
either soluble in both the phases as chloramphenicol or insoluble in 
both the phases as chlorothiazide--the beads obtained are smaller 
in size than in the absence of drugs (Figs. 2 and 3). These two ex- 
amples are chosen to investigate the influence of incorporation of 
soluble and insoluble drugs in the monomeric phase on the size 
distribution of beads. Chloramphenicol is soluble in the mono- 
meric phase as well as in the outer aqueous phase while chloro- 
thiazide is practically insoluble in both phases. The drug soluble 
in the outer phase may be affecting the interfacial tension between 
the two phases while the insoluble drug may be acting as a fine- 
mesh barrier between droplets and hence decreasing the particle 
size of the beads (10). 


SUMMARY 


The method of bead polymerization in aqueous phase has been 
studied for embedding drugs in polymers. Various polymers and 
copolymers, either in the presenceor in the absence of the drugs, have 
been studied to prove the widespread applicability of the bead 
polymerization method. The presence of the drug, either soluble or 
insoluble, in the outer aqueous phase decreased the bead size and 
yield of the products. The amount of the drug which could be em- 
bedded in the polymer beads depended on the affinity and solubility 
of the drug for the monomers. 


REFERENCES 


(1) F. Rosenthal, U. S. pat. 2,895,880 (1959). 
(2) A. F. Asker and C. H. Becker, J. P h r m .  Sci., 55,90(1966). 
(3) E. B. Draper and C. H. Becker, ibid., 55,376(1966). 
(4) S .  C. Khanna and P. Speiser, ibid., 58, 1114(1969). 
(5) K. Lehmann, Phurm. Znd., 29,396(1967). 
(6) W. A. Ritschel, "Die Tablette," Editio Cantor KG, Aulen- 


(7) U. S. pat. 3,390,050 (1968). 
(8) W. Bauer and H. Lauth, DRP 656 134, 1931. 


dorg i. Wiirtt, p. 104. 


Vol. 59, No. 5, May 1970 0 617 







(9) H. Logemann, “Methoden der Organischen Chemie Institute of Technology, Zurich, Switzerland. 
(Houben-Weyl),” vol. 14/1, Makromolekulare Chemie, Themie/ 
Stuttgart, p. 414. 


Polymers~” 
vol. X, Interscience, New York, N. Y. ,  1956, pp. 69-109. 


ACKNOWLEDGMENTS AND ADDRESSES 


Accepted for publication December 2, 1969. 
Abstracted from the dissertations submitted by S. C. Khanna and 


T. Jecklin to the Swiss Federal Institute of Technology in fulfillment 
of Doctor of Natural Sciences degree requirements. 


* Present address: J. R. Geigy S.  A., Galenic Research Section, 
Basel, Switzerland. 


t Present address: Sihlfeld Apotheke, Zurich, Switzerland. 


(lo) E. Trommsdroff and c* Schildknecht, 


Received October 6, 1969, from the Scliool of Pharmacy, Federal 


Mechanism of Dimethyl Sulfoxide-Induced Hemolysis 


WILLIAM P. NORRED, HOWARD C. ANSEL, IVAN L. ROTH*, and JAMES J. PEIFERt 


Abstract A study has been made of the possible mechanism by 
which dimethyl sulfoxide induces hemolysis of rabbit erythrocytes 
in uitro. Erythrocytes were shown by spectral analysis to remove 
dimethyl sulfoxide from aqueous solution and to resist the agent’s 
release upon washing. Electron microscopy revealed the increased 
formation of lesions in the erythrocyte membrane with increasing 
concentrations of dimethyl sulfoxide. Dimethyl sulfoxide was also 
shown to be increasingly capable of removing fatty acids from the 
erythrocyte membrane with an increase in concentration. Results of 
the study indicate that dimethyl sulfoxide is capable of causing the 
hemolysis of erythrocytes by virtue of its affinity for the erythrocyte 
membrane and the disruption of its integrity, in part due to its lipid 
solvency action. 


Keyphrases 0 Erythrocyte hemolysis-dimethyl sulfoxide in- 
duced 0 Mechanismdimethyl sulfoxide-induced hemolysis 0 
Dimethyl sulfoxide retention-erythrocytes Fatty acid removal, 
erythrocytes-dimethyl sulfoxide 0 Electron microscopy- 
erythrocyte lesion determination 0 UV spectrophotometry-anal- 
ysis 


Although dimethyl sulfoxide (DMSO) was first 
synthesized in 1867 (I), it has only recently become the 
object of intensive scientific investigation. Used for 
years by the chemical industry as a solvent, the com- 
pound became of special interest to biologists after it 
was found to have a wide range of solvent action for 
chemicals employed in various laboratory procedures 
(2-7). DMSO was subsequently utilized investigationally 
as the solvent for poorly soluble drugs to be employed 
parenterally in the clinical treatment of cancer and 
leprosy (8, 9). 


Much of the recent flourish of investigation activity 
centered about DMSO has been prompted by reports 
of the agent’s apparent great ability to traverse biologic 
membranes and exert its pharmacologic activity (10-14), 
as well as to increase the degree and rate of penetration 
of other drugs across biologic membranes (15-17). 


DMSO has also received considerable attention con- 
cerning its ability to serve effectively as a cryophylactic 
agent in the preservation of various body organs, tissues, 
and cells (7, 17-35), including red blood cells (31-35). 


One difficulty concerning the use of DMSO as a 
cryophylactic agent in the preservation of blood for 
transfusion has been its nature to permeate the erythro- 
cyte along with the subsequent difficulty experienced 


in its removal from the blood preparative to transfusion 
(32, 34, 35). Cellular destruction, resulting in hemolysis, 
commonly accompanies attempts to rid the cells of 
DMSO by washing (25, 36). 


The hemolytic activity of DMSO, in vitro and in viuo, 
has been noted in reports from this (36) and from other 
laboratories (25, 37, 38). It was the purpose of the 
present work to investigate the mechanism by which 
DMSO exerts its hemolytic effects against the erythro- 
cyte. 


EXPERlMENTAL. 


Materials-The DMSO employed in this investigation was 
reagent grade and was obtained commercially. 


Blood Samples-In previously reported studies the hemolytic 
activity of DMSO against human and rabbit erythrocytes was 
quite comparable (36, 37). This was verified in preliminary experi- 
ments to  the present work using blood obtained from the forearm 
veins of several Caucasian donors, 20-25 years of age, and from 
rabbits by cardiac puncture. For convenience, rabbit blood was 
employed throughout this study. Fresh blood was obtained im- 
mediately prior to each experiment and defibrinated by gentle 
swirling with glass beads for approximately 5 min. The defibrinated 
blood was then transferred by decantation to a clean container and 
employed in the following procedures. 


Absorption of DMSO by Red Blood Cells-To assess the ca- 
pabilities of DMSO to enter and/or bind with the erythrocyte, red 
blood cells were incubated with solutions of DMSO, and any altera- 
tion in the absorbance of the original DMSO test solution was 
determined spectrophotometrically. 


Erythrocytes were separated from the defibrinated blood sample 
by centrifugation and decantation. Then the cells were washed five 
times with normal saline solution and reconstituted to the original 
blood volume. This cell suspension was then employed to  prepare 
test samples containing volumes of erythrocytes ranging in con- 
centration from 0.06 to 0.48%, with 0.004% DMSO in normal 
saline. The suspensions were allowed to incubate for 30 min. at 
37”, after which time the cells were settled by centrifugation at 
13,500Xg for 15 min. The supernatant was then examined spec- 
trophotometrically with a Beckman DU for its DMSO content, 
using a wavelength of 208 mp. The amounts found were compared 
t o  the amounts originally present in the test solutions, and the 
amounts absorbed determined by difference. 


Preparation of Erythrocyte Ghosts for Electron Microscopy- 
One percent suspensions of defibrinated blood were prepared in 
0.9% sodium chloride and varying proportions of DMSO, and 
incubated at 37“ for 45 min. Control suspensions of blood in 0.9 
sodium chloride were prepared and concurrently processed with the 
DMSO-containing suspensions. 
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The goal of pharmacological testing of chemical 
agents is (a )  to detect any biological activity that may 
be present. Following demonstration of activity the 
next steps are (b)  to identify the type of activity and 
then (c) to compare the activity with the activity of a 


reference compound. To progress through steps a and 
b requires much experience and selective judgment. 
For comparison of activity, data from the experiments 
must be quantified. There is now a large number 
of excellent statistical procedures and a biologist must 
design his experiments so that one of the standard 
statistical procedures can be followed-otherwise an 
experimenter will end up with an experience and not an 
experiment. No reference to  structure-activity relation- 
ships or even whether biological activity is present can 
be made until dose-response curves have been con- 
structed and evaluated. 


The hazards of pharmacological evaluation are 
many. The biologist must be aware and attempt con- 
stantly to eliminate as many variables as possible. 
He will always have fundamental questions that may 
be difficult to answer. Some of the points that must be 
considered are: 


1. Selection of type of preparation is important. Prep- 
arations that are used widely are usually prudent choices. 


2. The problem of choice of species is always present. 
To evaluate a particular type of pharmacological ac- 
tivity, choose a species that is highly sensitive to  the 
particular agent. For example, one would not use the 
blood pressure of the rat to evaluate histamine-like 
compounds, etc. 


3. It is necessary to determine the time-effect curves 
before attempting to compare the activity of two chem- 
ical agents. Agents will vary in time required for onset 
and duration of action. The agent's activity must be 
compared at time of peak effect. 


4. The absorption, distribution, and excretion of 
agents in a given series may vary greatly. These factors 
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may be extremely important in determining the in- 
tensity and duration of biological activity. 


5. In structure-activity relationship comparisons, the 
above variables make it highly desirable to  evaluate 
compounds both in uiuo and in uitro. If the relative 
activity of compounds evaluated in the two types of 
preparations remains constant, this is suggestive evidence 
that the difference in biological activity is related to  
differences in chemical structure and not related to 
factors such as plasma protein binding, metabolism, 
excretion, etc. 


6 .  Perhaps an area where erroneous assumptions are 
sometimes made is in assuming that two compounds 
have the same mechanism of action. Unless two com- 
pounds have the same mechanism of action, one can- 
not compare statistically their biological activity. For 
example, it has recently been shown that choline is 
apparently devoid of muscarinic activity. The litera- 
ture contains many citations of the relative muscarinic 
activity of choline and acetylcholine and these com- 
parisons are probably invalid. As for references to 
“mechanisms of action,” this term means different 
things to different investigators. To a physiologist 
this term may refer to interactions at  the organ level. A 
pathologist may be interested in cell damage or struc- 
tural changes. A biochemist may be concerned with 
enzyme inhibition or activation. A molecular biologist 
may be interested in drug-receptor interactions, etc. 
All of these investigators using the techniques of their 
respective disciplines feel that they are determining the 
“mechanism of action.” Each is for his particular bio- 
logical level of integration, but one should remember 
that the “mechanism of action” at the molecular level 
awaits explanation for probably all drugs. 


7. In comparing drugs one should also remember 
that although the end responses may look similar, 
the sites of action may be different. For example there 
could be a sequence of events as follows: 


I I  
drug, drug, 


where S = substrate, E = enzyme. Drug I may act on 
El and drug 2 on E2. Alteration of R may appear to 


I I 1 Somatlc (motor) Nerve 


Figure 1-A simplified diagram illustrating the sites of action of 
some standard drugs. The reference drugs that stimulate or inhibit 
at the various sites are listed in Table I .  


When assayed using superfused guinea pig ilea, the intestinal 
stimulating action of choline is antagonized markedly by: (1) cooling 
the segment for 24 hr. a t  2”, (2) treatment with triethylcholine, or (3) 
hexamethonium. None of these treatments alters the responsiveness of 
acetylcholine. 


be the same but the sites of action that altered the 
response are different. 


ANATOMY OF THE PERIPHERAL NERVOUS SYSTEM 


Detailed outlines of the nervous system may be found 
in any standard physiology or pharmacology textbook. 
A simplified diagram illustrating the sites of action of 
some of the standard drugs is shown in Fig. 1 and 
Table I. Other anatomical points that should be con- 
sidered in evaluating drug action are listed as follows: 


1. Only postganglionic fibers are nonmyelinated. 
2. Postganglionic sympathetic nerve fibers are usually 


long fibers with the ganglia outside the organs in- 
nervated. The ganglia and postganglionic parasym- 
pathetic nerve fibers usually lie within the organ in- 
nervated (the exceptions being the organs of the head 
and neck where the parasympathetic ganglia are on the 
surface or slightly removed from the organ that is in- 
nervated). 


3. Various sympathetic fibers tend to  be activated in 
unison. The activity of the parasympathetic nervous 
system tends to  be much more localized-often serving 
as the efferent component of a reflex. For example, in a 
bright light miosis will occur, but the heart rate will 
not be slowed. 


4. Acetylcholinesterase is found in high concentration 
where acetylcholine is the neurotransmitter. Inhibition 
of this enzyme with neostigmine or analogs or the 
organic phosphates will prolong the integrity of the 
acetylcholine molecule and increase its concentration 
at the transmitter site. The adrenergic enzymes, cate- 
chol-0-methyltransferase and monoamine oxidase, 
probably play a minor role in terminating the action of 
norepinephrine that has been liberated from the nerve 
terminal. Diffusion of norepinephrine from the receptor 
site appears to be the major terminating mechanism. 


5.  During the past 20 years evolution of the alpha 
and beta receptor theory has been seen along with the 
development of the respective stimulating and inhibiting 
agents. The major organs with their predominant type of 
receptor innervation are shown below: 


AIpha Receptor 
Vasoconstriction (cutaneous, 


Myocardial ectopic excitation 
Splenic-capsule contraction 


Myometrial contraction (rabbit, 
dog, human, erc.) 


Iris dilator contraction 
(rnydriasis) 


Nictitating membrane contraction 
Intestinal relaxation 
Pilomotor contraction 
Glycogenolysis ( ?) 


renal, etc.) 


Beta Receptor 
Vasodilation (sk. muscle, 


etc.) 
Cardioacceleration 
Myocardial augmenta- 


tion 
Myometrial relaxation 


(rat, nonpregnant 
cat, human) 


Bronchial relaxation 


Intestinal relaxation 


6. The influence of drugs on the cholinergic nerve 
terminal has not been widely explored, but the future 
will probably see a marked increase of research activity. 
Evidence is appearing that many “nicotinic” agents may 
be acting by releasing acetylcholine from preganglionic 
or motor nerve terminals. These would be agents such as 
nicotine or choline. A number of agents have been re- 
ported that will inhibit or block the cholinergic nerve 
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Table I-Stimulants and Inhibitors at Various Sites in the Peripheral Nervous System 


Site Name Neurotransmitter Stimulants Inhibitors 


1 Postganglionic Acetylcholine 
parasympathetic 


Acetylcholine 


Norepinephrine 


2 Ganglionic 


3 Postganglionic 
sympathetic 


4 Sympathetic 
nerve terminal 


5 Neuromuscular Acetylcholine 
junction 


Acetylcholine 
Methacholine 
Carbachol 
Neostigmine 
DFP 
Acetylcholine 
Nicotine 
Tetramethylammonium 
Neostigmine 
Norepinephrine (a) 
Epinephrine (a or f l )  
Isoproterenol(/3) 
Tyramine 
Ephedrine 
Cocaine 
Acetylcholine 
Nicotine 


Atropine 
Scopolamine 


Hexamethonium (C,) 
Nicotine (large concn.) 


Phentolamine (a) 
Propranolol (/3) 


Reserpine 
Guanethidine 
Brethylium 
Curare 
Succinylcholine 


terminal. These agents would include high Mg++ con- 
centrations, hemicholinium (HC-3), triethylcholine, 
hexamethonium, or tetrodotoxin (puffer fish poison). 


Since a drug or experimental chemical can only alter 
(stimulate or inhibit) the basal activity of the peripheral 
nervous system, one must understand the physiology of 
transmission. With this information one should have no 
difficulty in classifying autonomic agents. 


The major influence of the autonomic nervous system 
innervation on the major organ system is outlined in 
Table 11. 


TERMINOLOGY 


Often the same site of drug action is referred to  by 
different names. For a large surplus of descriptive 
names, the autonomic drugs probably have a longer 
list than other classes of agents. The long list of 
synonyms used to describe autonomic drugs make the 
literature difficult to read for a nonpharmacologist. 
Table 111 lists those terms used commonly in the litera- 
ture to describe actions of agents on the peripheral 
nervous system. 


METHODS 


The following portion of the 
some of the procedures used to  


manuscript discusses 
study the activity of 


chemical agents on the peripheral nervous system. The 
authors have tried to select preparations that are used 
quite widely and those with which they have had per- 
sonal experience. Page space makes it necessary for the 
user of these preparations to refer to the original manu- 
scripts for detailed procedures. All individuals interested 
in drug development must be familiar with a wide vari- 
ety of preparations. One must clearly understand the 
uses and limitations of each preparation. In order to 
evaluate and explore new mechanisms, a biologist may 
need to develop his own special experimental proce- 
dures. The science of methodology is probably the 
pharmacologist's major tool that will lead to  the dis- 
covery of new types of biologically active agents. 


Observational Studies of Animals 


Available methods for detecting drug actions in the 
intact unanesthetized animal are convenient and valu- 
able but are less reliable and nonspecific in the analysis 
of individual drug effects. They can be used only for 
preliminary confirmation of drugs affecting the pe- 
ripheral nervous system. Therefore, no attempt will be 
made to describe or to discuss these methods in detail. 
For definitive studies on the sites of drug actions, the in 
uiuo and in vitro methods described in this paper should 
be employed. 


Pupil Size-Mice are widely used in this experiment 
but dogs, cats, and rabbits can also be utilized. The 
pupil size is controlled primarily by tonic activity of the 
cholinergic nervous system. An increase in cholinergic 
activity or a blockade of adrenergic activity produces 


Table 11-Usual Responses Seen with Autonomic Function 
Alteration (Stimulation or Inhibition)" 


-Sympathetic- -Parasympathetic- 
Stimu- Inhibi- Stimu- Inhibi- 


Organ lation tion lation tion 


Heart 
Rate T 1 o r 0  L b  T o r 0  
Force T 1 o r 0  l b  T o r 0  Arterioles 5 1  - c  - 


Veins T 1  
Blood pressure T 1 o r 0  J e  T o r 0  
Eye T Miosis (constriction) 1 T 


Mydriasis (dilatation) T 1 
Intraocular pressure 0 1 


Bronchi Ji t o r 0  T 


- d  - 


1 
T 
T 1 o r 0  


0 t g  1 Salivary glands 
Gastrointestinal tone I' T o r 0  T 1 or0 
Sweat glands t -1 o r 0  t 1 
a t, increased, stimulated; I ,  decreased, inhibited; 0, no change; -, 


not relevant. * Acetylcholine in the presence of atropine will produce a 
positive inotropic and chronotropic action. c Though there are no 
parasympathetic nerve fibers to arterioles, acetylcholine may be a power- 
ful dilator (for example the limbs or the vascular beds of skeletal.musc1e). 
In  some vascular beds ACh will induce constriction-aortic strips, 
rabbit ear, renal artery. d The cephalic vein is constricted by large doses 
of ACh. e Large doses of ACh administered intravenously will produce 
a pressor response. This response will be enhanced by prior treatment 
with atropine. f Small volume, high viscosity. g Large volume, low 
viscosity. 
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Table ID-Synonymous or Related Terms Used in Autonomics 


Site Stimulant Blocking Agent 


Ganglia 
(sympathetic & 
parasympathetic) 


Postganglionic 
parasympathetic 
neuroeffector 
junction 


Postganglionic 
sympathetic neuro- 
effector junction 


Myoneural junction 
neuromuscular 
junction 


Ganglionic stimulant 
Nicotinic 
Preganglionic stimulant 
Postganglionic parasympathetic stimulant 
Cholinergic 
Muscarinic 
Parasympathetic stimulant 
Parasympathomimetic 
Cholinomimetic 
Postganglionic sympathetic stimulant 
Adrenergic stimulant 
Sympathetic stimulant 
Sympathomimetic 
Releasing agents 


Myoneural stimulants 
Nicotinics 


Ganglionic blocking agent 
Ganglionic depressant 
Preganglionic depressant 
Postganglionic parasympathetic blocking agent 
Anticholinergic 
Antimuscarinic 
Parasympathetic blocking agent 
Parasympatholytic 
Cholinolytic 
Post ganglionic sympathetic blocking agent 
Adrenergic blocking agent 
Sympathetic blocking agent 
Sympatholytic 
Antirelease agents 
Depleting agents 
“False transmitters” 
Myoneural blocking agents 
Myoneural depressants 
Neurornuscular blocking agents 
Relaxants 
Muscle relaxants 


miosis, whereas an increase in adrenergic activity or a 
blockade of cholinergic activity produces mydriasis. The 
pupil size of mice can be measured with a dissecting 
microscope via a calibrated eyepiece (1-3). The drugs 
are administered parenterally (3) or topically on the 
cornea (1,2). 


Tone of the Nictitating Membrane-The position of 
the nictitating membrane is controlled primarily by the 
tonic activity of the adrenergic nervous system. Ad- 
renergic agents cause contraction of this membrane 
while adrenolytic agents produce relaxation. Although 
cats are most satisfactory in this test, dogs and rabbits 
may also be used (4). 


Respiratory Arrest-Subsequent to drug administra- 
tion, respiratory arrest prior to  cardiac arrest indicates 
that either the respiratory center is inhibited or that 
the neuromuscular junction of the phrenic nerve 
diaphragm is blocked. Mice can be used satisfactorily 
for this test (5). Central and peripheral effects can be 
differentiated by using isolated preparations. 


Blood Pressure and Heart Rate-The overall periph- 
eral vascular resistance is regulated by the adrenergic 
nervous system which can be blocked by adrenolytic 
agents or physiologically antagonized by cholinergic 
agents to produce hypotension. The heart rate is con- 
trolled primarily by the cholinergic mechanism which 
can be blocked by cholinolytic agents or physiologically 
antagonized by adrenergic agents to  induce tachycardia. 
The indirect methods for blood pressure determination 
in dogs are described by Prioli and Winbury ( 6 )  and 
those in rats are reviewed by Van Proosdij-Hartzema (7) 
and Boura and Green (8). The advantages and disadvan- 
tages of these methods are discussed by Fregly (9). 


In Vivo Study 


Dog Blood Pressure Preparations-Mongrel dogs are 
anesthetized with 15 mg./kg. of thiopental sodium and 
250 mg./kg. of barbital sodium administered intrave- 
nously. The trachea is cannulated and the vagi are sec- 
tioned to  eliminate the vagal reflexes. The arterial pres- 


sure is measured with a pressure transducer (10-13) or 
mercury manometer (1 1, 14). The blood pressure can be 
measured at the common carotid artery, the femoral 
artery, or any other large artery. All compounds are in- 
jected via a polyethylene catheter inserted into the 
femoral vein. The injection is followed immediately by 
a wash of isotonic saline. In all cases the total volume of 
the injected solutions is kept constant. However, drugs 
can be injected directly into the femoral vein without us- 
ing the polyethylene catheter. In this case, the isotonic 
saline wash is not necessary. The species of animal, the 
routes of administration, the procedures of cannulation, 
and the methods of recording may all be varied to  meet 
the needs of the investigator. This preparation can also 
be done with rats, cats, and rabbits. Depressor re- 
sponses that are blocked by atropine sulfate are re- 
garded as muscarinic and pressor reponses after 1-2 
mg./kg. of atropine sulfate are regarded as nicotinic. 
However, due to the multiple factors affecting the mean 
systemic pressure, interpretation of the pressure change 
is difficult. If the blood flow in the large vessels is re- 
corded by use of an electromagnetic flowmeter (4) 
simultaneously with the pressure change, then the inter- 
pretation of the experimental results is facilitated. 


The catecholamines released by ganglionic stimulants 
can be estimated by collecting blood samples at the 
time of peak pressor response. Blood cells and protein 
in the blood samples are removed (15) and the catechol- 
amines in the final samples are assayed fluorometrically 
using the method described by Chang (16). The sites of 
catecholamine release, either from the adrenal medulla 
(mainly epinephrine release) or from sympathetic nerve 
terminals (mainly norepinephrine release), have thus 
been differentiated (14). 


The blood pressure preparation is widely used to  de- 
termine dose-response curves and activities of drugs 
(10-12, 14). The eviscerated cat blood pressure prepara- 
tion is quite sensitive to acetylcholine and can readily 
detect 0.002 mcg. ACh/kg. (17). The rat preparation is 
also widely used for bioassay of minute amounts of 
acetylcholine and the analogs from tissue extracts (1 1, 
18, 19). 
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Recently more attention has been given to the direct 
measurement of blood pressure using unanesthetized 
animals. This preparation enables investigators to study 
the drugs with a very long duration, to repeat measure- 
ments of blood pressure over a long period of time, and 
to avoid the untoward interaction between anesthetics 
and drugs to be studied. The advantages and disad- 
vantages of both preparations have been discussed by 
Freyburger (20). For dogs, the polyethylene catheters are 
implanted chronically in various parts of the circulation 
(21), mostly into thoracic aorta (22,23) and the femoral 
artery (20). The transcutaneous needle puncture of a 
femoral artery immediately before experimenting is also 
used and is the most simple method to be performed 
with satisfactory results. Hypodermic needles (19-21 
gauge) are widely used to obtain full pulse pressure 
measurements. However, smaller needles are recom- 
mended to avoid vessel hardening and hematomas (20, 
24). The polyethylene catheters or hypodermic needles 
are connected to the pressure transducer for recording 
the blood pressure described previously. The direct 
measurements of blood pressure on unanesthetized rats 
are described by Weeks and Jones (25) and Fujita and 
Tedeschi (26). 


Cat Superior Cervical Ganglia Preparation-Cats are 
anesthetized with 30-35 mg./kg. of pentobarbital 
sodium administered intrathoracicly. The trachea is 
cannulated as usual and the carotid artery is exposed. 
The lymphatic gland is removed and all the arterial 
branches, except those running to  the tissue around the 
superior cervical ganglion, are tied and divided. The 
small internal carotid artery and veins are divided, leav- 
ing only the vein from which perfusion fluid is to be col- 
lected, usually the internal jugular vein. A length of 
cervical sympathetic nerve, sufficient for placement of 
the electrodes, is freed and the cat’s head is then fixed in 
position so that the contraction of the nictitating mem- 
brane can be recorded. The common carotid artery is 
then ligated and perfused. A small cannula is then tied 
into the internal jugular vein to collect the perfusion 
fluid. The electrodes are placed on pre- and postgan- 
glionic fibers (27-29). In order to prevent blood coagula- 
tion during manipulation, 0.5 ml./kg. of 8 % solution of 
chlorazal fast pink or 5 mg./kg. of heparin sodium is in- 
jected intravenously (30). The nerve is stimulated with 
monophasic pulses, 6 msec. in duration, with maximal 
voltage of 10-15 v. and frequencies of 10-25 C.P.S. (31). 
A viable preparation will respond to single shock 
stimulation. This is an extremely useful preparation for 
detecting the release of acetylcholine from ganglia, 
either by preganglionic nerve stimulation (32, 33) or by 
close arterial injection of the drugs (34, 35). The effects 
of drug and nerve stimulation can be detected from the 
responses of nictitating membrane. An ingenious ex- 
periment was devised by Collier et al. (36) in which the 
ACh in the ganglia was replaced with 3H-ACh through 
perfusion of the ganglia with Locke solution containing 
3H-choline during continuous preganglionic stimulation. 
Both preganglionic stimulation and close arterial injec- 
tion of carbachol released radioactive materials and 
contracted the nictitating membrane, indicating that 
endogenous ACh was released during these treatments. 
The close arterial injection of ACh, however, contracted 


the nictitating membrane without releasing appreciable 
amounts of radioactive substance. This suggests that 
ACh might not be involved in the release of endogenous 
ACh from the preganglionic site. 


Dog Chorda Tympani-Wharton’s Duct Preparation- 
Dogs weighing 12 kg. or more are anesthetized with 
15 mg./kg. of thiopental sodium and 250 mg./kg. of 
the barbital sodium administered intravenously. The 
trachea is cannulated. Wharton’s ducts are located di- 
rectly beneath the mylohyoideus and extend across the 
lingual nerve between the chorda tympani nerve and 
the submandibular ganglion. Both Wharton’s ducts and 
thechorda tympani nerveare ligated. The chorda tympani 
nerve is cut free from the lingual nerve with a thread 
attached to the nerve end. One of the Wharton’s ducts 
is then cannulated with polyethylene tubing (PE-60) 
which is attached to  a reservoir filled with physiological 
saline. The outflow of the reservoir is connected to a 
dropping tube and a Becker signal magnet is connected 
to a relay which is activated by each drop. A shielded 
silver electrode is attached to the chorda tympani nerve 
for stimulation. The nerve is stimulated supramaximally 
with 15 v. for a duration of 2 msec. with a single biphasic 
impulse and with a frequency of 20 C.P.S. for 1 sec. 
every 10 sec. (37). After 10-20 min. the saliva flow will 
remain quite constant for at least 90 min. 


Salivation from the Wharton’s duct can be stimulated 
either by drugs such as pilocarpine, acetyl-/3-methyl- 
choline, and acetylcholine injected intravenously into 
the femoral vein or by nerve stimulation. The salivation 
is effectively blocked by atropine. This preparation is 
useful for studying drugs which act on or block the 
cholinergic system causing salivation. Hemicholinium 
has been shown to block gradually the salivation in- 
duced by chorda tympani nerve stimulation, suggesting 
that its blocking effect is due to the inhibition of ACh 
synthesis in the nerve tissues (37). 


Rabbit Sciatic Nerve-Gastrocnemius Muscle Prep- 
aration-Dutch rabbits, weighing 1-2 kg., are anes- 
thetized with 200 mg./kg. of phenobarbital sodium 
administered slowly (at least 2 min.) into the marginal 
ear vein. The sciatic nerve is ligated and cut, and a 
shielded electrode is placed on the peripheral portion of 
the nerve. The gastrocnemius muscle is freed as com- 
pletely as possible from surrounding muscles and a 
thread is attached to the tendon of the muscle. The 
twitches of the muscle are elicited by supramaximal stim- 
ulation and are recorded through aforce transducer. The 
parameters for interrupted tetanic stimulation are 250 
C.P.S. with pulse duration of 1 msec. at 15 v. applied for 
0.2 sec. every 10 sec. Single shock stimulation is per- 
formed with pulse duration of 5 msec. and a supra- 
maximal voltage of 15 v. is applied every 10 sec. The 
drugs are administered intravenously into the marginal 
ear vein. This is a convenient and simple preparation for 
studying drugs acting at the neuromuscular junction in 
uiuo (37-41). Although there are some in uitro neuro- 
muscular preparations available, this preparation has the 
advantage of studying the drug effects under physio- 
logical conditions. For example, hemicholinium and its 
derivatives have been shown to block neuromuscular 
transmission in all preparations. In this preparation, 
blockade can be efficiently reversed by choline (39-41) 


Vol. 59, No. 2, February 1970 137 







but this is difficult using in vitro preparations. Animals 
other than rabbits, such as cats and rats, can be used 
satisfactorily. 


There are two other preparations, the cat soleus 
muscle preparation and the cat tibialis anticus muscle 
preparation which are very useful and similar to  the 
gastrocnemius muscle preparation. These can be pre- 
pared in a method similar to that described for gas- 
trocnemius muscle except that close arterial injection 
can be made using the tibialis anticus preparation. Also, 
soleus muscle consists primarily of slow muscle, whereas 
tibialis anticus is fast muscle (42). The experimental 
procedures for these two preparations are described by 
some investigators in detail (42-44). The characteristics 
of slow and fast muscles are analyzed anatomically, 
histochemically and biochemically by some investiga- 
tors. The fast muscle is composed of three distinct fibers 
(45) whereas the slow fiber is relatively homogeneous, 
consisting primarily of Type B fibers (46). Also, the fast 
muscle contains higher activities of glycolytic enzymes 
and lower activities of oxidative enzymes, while the re- 
verse is true for the slow muscle (47, 48). The effects of 
drugs on slow and fast muscles will be discussed further 
in the following sections. 


In Vitro Studs 


The organ bath method is the most widely used tech- 
nique for studying isolated organs. The equipment is 
rather simple and is available commercially. Usually, the 
organ bath is made of glass and placed inside a water 
bath so that the temperature can be well controlled. The 
physiological salt solution is warmed before it is added 
to the organ bath, so that there will be no temperature 
change when the tissue is washed. The physiological 
salt solution can be warmed either by putting the re- 
servoir bottle in a water bath or by passing the physio- 
logical solution through coils connected to  the organ 
bath within the same water bath. The isolated tissue is 
mounted in such a way that one end of the tissue is fixed 
at the bottom of the organ bath while the other is fixed 
to the recording lever or a force transducer for isotonic 
or isometric recording. The organ bath varies both in 
size and volume depending on the specific purposes and 
the size of tissues. The volume of the drug solutions to 
be added to the organ bath should be less than 10 % of 
the total volume of the bath fluid to  avoid possible de- 
crease of fluid temperature in the organ bath. 


The superfusion method was first described by Finkle- 
man (49) and modified by Gaddum (50). It is more 
rapid and more sensitive than the organ bath method for 
bioassay. This technique reduces the volume of solution 
to an absolute minimum by replacing the organ bath 
with a slow flow of bathing fluid over the external sur- 
face of the tissue. Consequently, the total amount of 
drug required to induce a response in the tissue is very 
small. Recently, this technique has been used success- 
fully to study the fate and release of vasoactive hor- 
mones in the circulation (51-53). In  this application the 
heparinized blood was continuously removed from the 
anesthetized animal, assayed for its hormone content by 
superfusion over a series of isolated muscle prepara- 
tions, and then returned to  the animal body intrave- 
nously. 


For superfusion, the isolated tissue is mounted in air 
in the middle of a wide glass tube immersed in a warm 
water bath. The physiological salt solution is oxygenated 
and kept in a bottle immersed in a warm water bath. It 
is then pumped through a Holter motor pump to  the 
top of the isolated tissue. The rate of flow of the super- 
fusion fluid is adjusted to  1-5 ml./min. depending on the 
size of the tissues; the drug solutions are injected 
into the stream of the superfusion fluid in volumes of not 
more than 0.1 ml. Of course drugs may be added di- 
rectly to the perfusing solution. Isometric recordings 
are preferred to  isotonic recordings because the changes 
in the length of the tissue may dislocate the superfusion 
fluid in some cases and cause dryness of part of the tis- 
sue. 


Skeletal Muscle Preparations-Frog Rectus Abdom- 
inis Muscle Preparation-The frog rectus abdominis 
muscle is usually obtained from Rana pipiens weighing 
approximately 20 g. The frog is stunned and decapi- 
tated. The spinal cord is destroyed with a long needle. 
The rectus abdominis muscles are dissected from the 
pelvic girdle to their insertion in the cartilage of the 
pectoral girdle. The threads are attached to both ends of 
the muscle before they are dissected from the body. An 
initial tension of 0.5-1.0 g. is placed on the rectus 
muscle. The preparation is kept at room temperature 
(25") in frog Ringer solution (NaCl, 6.5; KCl, 0.14; 
NaH2P04, 0.005; glucose, 2.0; NaHC03, 0.4; and CaC12, 
0.12 g./l.) and oxygenated with 95 % O2 and 5 C02.  At 
least 30 min. is allowed for the preparation to stabilize. 
This preparation was orginally described by Burn (54). 
Both the organ bath method (5-10 ml.) (54-56) and the 
superfusion technique (10, 39) can be used to perform 
experiments. The frog Ringer solution can also be made 
by diluting 1 1. of Ringer solution to 1.4 1. with distilled 
water. 


The rectus abdominis muscle preparation is extremely 
useful because it develops slow contracture in re- 
sponding to  acetylcholine. This contracture is blocked 
by curare and its derivatives. Depolarizing agents, 
such as decamethonium or succinylcholine, will induce 
contracture that is similar to acetylcholine. Although 
the semispinalis muscle of the chick has the same 
useful properties, the simplicity and economy of the 
rectus preparation are widely appreciated by many in- 
vestigators. 


After contraction, the rectus muscle does not relax 
rapidly. It is, therefore, difficult to  obtain the straight 
base line which is essential for bioassay. Thus, in order 
to  obtain this straight base line, the muscle must be 
stretched gently by increasing the tension. This disad- 
vantage can be eliminated by using isometric recording 
instead of isotonic recording. Also since the rectus 
muscle does not relax rapidly, it takes at  least 6-min. in- 
tervals between doses in the organ bath method to assay 
acetylcholine. The superfusion technique is consider- 
ably faster, since it requires only I-2-min. intervals be- 
tween doses. 


The rectus muscle preparation can also be used for 
assaying acetylcholine and its derivatives, although 
its sensitivity is less than that of the guinea pig 
ileum, chick semispinalis muscle, and leech dorsal 
muscle treated with physostigmine. The sensitivity of 
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the preparation can be increased markedly by using the 
superfusion technique instead of the organ bath method 
and by treating the rectus muscle with physostigmine or 
neostigmine. The frog rectus muscle preparation, treated 
with 1.5 X mole of physostigmine, can detect 0.01 
mcg./ml. of acetylcholine chloride (1 X lo-' mole) in the 
organ bath method (55) or 0.01 mcg. of acetylcholine 
chloride per injection in the superfusion method (10,39). 


Leech Dorsal Muscle Preparation-The Leech, Hirudo 
medicinalis, is pinned on its back through the mouth and 
the tail sucker and a cut is made along the two pale 
lateral lines to get two parallel strips from the dorsal 
body wall. The threads are attached at both ends of each 
piece. The muscle is suspended at  room temperature 
(25") in frog Ringer solution, or in leech Locke solu- 
tion. These solutions are made by diluting 1 1. of 
Ringer solution or Locke solution (NaCl, 9.0; KCI, 
0.42; glucose, 1.0; NaHC03,0.5; and CaCI2, 0.12 g./l.) to 
1.4 1. with distilled water. The solution is oxygenated with 
95 % 0, and 5 CO,. An organ bath with a capacity of 
5-10 ml. is used. The preparation must be stabilized for 
about 3 hr. before an experiment is begun. The contrac- 
tion responses are very slow. However, unlike the frog 
rectus muscle, it should not be stretched by increasing the 
tension. Consequently, the responses are slow and it is 
necessary to allow at least 20 min. between doses (56). 
Physostigmine (3 x 10-5 mole) is preferred to neostig- 
mine (3 X mole) in order to sensitize this prepa- 
ration (57). The muscle can be sensitized about 1000-fold 
to acetylchohe responses by physostigmine. This prep- 
aration is highly sensitive and is suitable for detection of 
acetylcholine (less than mole or 0.001 mcg./ml.) 
released from nerve tissue (58-60). However it is not 
suitable for studying the pharmacology of drugs because 
of the length of response time involved. It is much better 
to choose the guinea pig ileum, chick semispinalis mus- 
cle, or frog rectus abdominis muscle for studying the 
pharmacology of the drugs since a larger quantity of 
results can be obtained in a shorter period of time. 


Chick Semispinalis Cervicis Muscle Preparation-A 
chick, 2-3 weeks old, is sacrificed with chloroform. A 
longitudinal incision is made in the skin at the back of 
the neck from the base of the skull to  the region of the 
thoracic vertebrae. The two biventer cervicis muscles 
can be seen on either side of the midline just underneath 
the surface skin. Those located beneath the biventer 
cervicis muscles are the two semispinalis cervicis 
muscles. The semispinalis cervicis muscle is dissected 
away from the surrounding muscles and the threads are 
tied around each end of the preparation. The muscle can 
be mounted either in an organ bath (5-10 ml.) (61-63) or 
on a superfusion apparatus (64). An initial tension of 1 g. 
is placed on the tissue. Tyrode solution (NaC1, 8.0; KCI, 
0.2; MgS04.7Hz0, 0.26; NaH,P04, 0.05; glucose, 1.0; 
NaHCO3, 1.0; and CaCI?, 0.2 g./l.) at  40", oxygenated 
with 95 % 0, and 5 Z CO?, is used for the bathing fluid. 


Like the frog rectus abdominis muscle, this prepara- 
tion produces a slow contracture in response to acetyl- 
choline and acetylcholine-like substances. Because it is 
more sensitive to drugs mimicking acetylcholine and be- 
cause the muscle contracts and relaxes more rapidly this 
preparation is more advantageous than the frog rectus 
abdominis preparation (6 1, 62). Consequently, artificial 


stretching of the muscle is not required. This prepara- 
tion is capable of detecting 0.004 mcg./ml. of acetyl- 
choline chloride (2.4 X mole). Edrophonium chlo- 
ride is preferred to physostigmine, neostigmine, diisopro- 
pylfluorophosphate, and tetraethylpyrophosphate for 
inhibition of the cholinesterases in the tissue because 
these anticholinesteraseseither produce too little increase 
in sensitivity or cause a partial contracture of the muscle. 
Edrophonium chloride (final concentration of 8 mcg./ml. 
or 4 X mole) is injected into the organ bath before 
each addition of acetylcholine. It is not included in the 
Tyrode solution, since, if used in this way, it will cause 
long lasting contracture even at extremely low concen- 
trations (62). 


Rat Phrenic Nerve-Diaphragm Preparation-A rat is 
decapitated and the blood is drained. The skin is re- 
moved from the middle of the chest. The thorax is 
opened and the front part of the left thoracic wall is re- 
moved. The phrenic nerve can be seen quite distinctly. 
The nerve is cut just below the thymus and a thread is 
attached to  the cut end. The nerve is then freed carefully 
from the attached tissue. However, no attempt is made 
to clean the nerve completely from the tissues attached 
to it. An incision is made in the left abdominal wall just 
below the diaphragm. Two converging cuts are made 
through the diaphragm and the ribs towards the tendi- 
nous part of the diaphragm with the phrenic nerve at- 
tached to the center of the diaphragm. The fan-like 
preparation is about 3 mm. wide at  the tendinous end and 
is about 15 mm. wide at  the costal margin. A thread is 
attached to the tendinous part of the diaphragm. The 
preparation is fixed by a stainless steel rod with a pair of 
pins hooked on the rib. I t  is lowered into the organ bath 
and the thread from the muscle is attached to  the writing 
lever or the force transducer. The nerve is stimulated 
with a pair of electrodes with a hole about 1 mm. wide. 
The right phrenic nerve-diaphragm preparation is iso- 
lated in the same manner. The organ bath should be 30- 
40 mm. in diameter and 30-40 ml. in capacity. Tyrode 
solution at 37" containing double the amount of dextrose 
or Krebs solution (NaCl, 6.9; KCI, 0.35; MgS04. 
7Hz0, 0.14; KH2P04,  0.16; glucose, 2.0; NaHC03, 2.1; 
and CaC12, 0.28 g./l.)is usedas bathing fluid. Thesolution 
should be well oxygenated with 95 Z O ,  and 5 ZCO,. The 
nerve is usually stimulated about 12 times per minute by 
rectangular-wave pulses of about 0.5-msec. duration at 
3-5 v. 


This preparation was originally described by Bulbring 
(65) and was modified and widely used thereafter by 
many investigators for studying drugs affecting the 
neuromuscular transmission (55, 66-68). The drugs are 
left in the organ bath either for quite short periods of 
time (3-8 min.) or for as long as the maximum effect can 
be observed. This preparation is composed mainly of 
fast muscle and is excellent for determining the drug 
potency to  block or facilitate neuromuscular transmis- 
sion. However, it is not a good preparation for differen- 
tiating between depolarizing and nondepolarizing neuro- 
muscular blocking agents because, in many cases, de- 
polarizing blocking agents fail to demonstrate initial 
facilitation and fail to reverse the effect of nondepolariz- 
ing blocking agents. For differentiating between de- 
polarizing and nondepolarizing blocking agents the 
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chick biventer cervicis nerve muscle preparation and the 
chick sciatic nerve-tibialis anticus muscle preparations 
are preferred. 


Chick Biventer Ceruicis Nerve Muscle Preparation- 
This preparation is isolated by the same method de- 
scribed in the section on the chick semispinalis cervicis 
muscle. A loop is tied around the caudal belly of the 
muscle and hooked on the bottom of the electrode as- 
sembly. The oral end of the tendon is passed through the 
electrode and attached to a lever or an isometric force 
transducer. The whole assembly is placed in the organ 
bath (63). Superfusion technique has been applied to 
this preparation by Chiou and Long (64). The electrode 
assembly is similar to the one used in the organ bath 
method described by Ginsborg and Warriner (63) except 
that a small cup with a hole for superfusion is attached 
above the electrode. The small cup over the electrode is 
essential for superfusion of the biventer cervicis nerve 
muscle preparation because it eliminates the mechanical 
stimuli of the drops of superfusion fluid on the motor 
nerve, which cause irregular twitching of the muscle 


Tyrode or Krebs solution, at 37", is used as  bathing 
fluid and oxygenated with 95 % 0, and 5 % CO,. The ini- 
tial tension placed on the muscle is 1 g. The organ bath is 
similar to that used for the rat phrenic nerve-diaphragm 
preparation. The nerve is stimulated about 6-12 times 
per minute by rectangular-wave pulses of about 0.5- 
msec. duration at  100 v. Supramaximal interrupted te- 
tanic stimulation can also be applied (64). This prepa- 
ration is extremely useful for easily differentiating 
between depolarizing and nondepolarizing neuromus- 
cular blocking agents because the former agents contract 
slow fiber while the responses of fast fiber to  the nerve 
stimuli are blocked, whereas the latter agents block the 
responses of fast fiber to the nerve stimuli without distur- 
bing the tonus of the slow fiber. In  addition, this prep- 
aration has been used successfully to demonstrate the 
acetylcholine releasing effects of some nicotinic agents 
which were originally believed to act directly a t  the ace- 
tylcholine receptors on the muscle membrane (64). The 
sensitivity of this preparation to acetylcholine and nico- 
tinic agents can be increased markedly with 7 X 
mole of physostigmine. Neostigmine is not a good agent 
to  be used since it causes long-lasting contracture with 
concentrations at 1.5 X 


Chick Sciatic Nerve-Tibialis Anticus Muscle Prepara- 
tion-Chicks, 3-8 days old, are decapitated and the skin 
of the legs is rapidly removed. The leg is removed from 
the body by cutting through the hip joint, and is sus- 
pended in a Petri dish containing Krebs-Henseleit solu- 
tion equilibrated with 95% O2 and 5 %  C 0 2  at 4'. The 
muscles of the thigh are dissected and the sciatic nerve 
with the superficial peroneal branch is freed from the 
upper leg tissue. The fascia is removed from the lower 
leg and the tibialis anticus tendon identified. A thread is 
attached to the tendon of the muscle and the tibialis 
anticus muscle is freed towards but not up to the knee 
joint attachment where the nerve enters into this region. 
The upper and lower leg bones are then cut off leaving 
the muscle with its nerve attached to the knee joint. The 
tendon is fastened by the hook to a ring in the bottom of 
the organ bath. A thin steel rod is attached to the knee 


(64). 


mole or higher. 


joint by means of a pointed clamp, partially driven into 
the bone. The contraction of the muscle is recorded iso- 
metrically. The nerve is passed through an electrode sim- 
ilar to the one used in the rat phrenicnerve-diaphragm or 
the chick biventer cervicis nerve muscle preparations. 
The nerve is stimulated six times per minute for 0.5- 
msec. duration at  supramaximal voltage. The organ bath 
is filled with 20 ml. Krebs-Henseleit fluid, at 37", and is 
oxygenated with 95 % 0, and 5 % CO,. 


This preparation was originally described by Van 
Riezen (69, 70) and is similar to the chick biventer cer- 
vicis nerve muscle preparation. It is a simple and useful 
preparation for measuring drug potency and for classi- 
fying the neuromuscular blocking agents into depolar- 
izing and nondepolarizing agents. The curare-like drugs 
produce a neuromuscular blockade whereas the deca- 
methonium-like drugs induce a contracture of the slow 
fiber when the neuromuscular transmission is blocked. 


Smooth Muscle Preparations-Guinea Pig Ileum 
Preparation-Guinea pigs, weighing 300-500 g., are 
stunned by a blow on the head. The abdomen is opened, 
the cecum is lifted forward and the ileum which joins 
to the back portion of the cecum is identified. The 
terminal portion of the ileum is excised and placed in a 
dish containing Tyrode soluton. The mesentery is 
trimmed away and pieces are cut from the length of 
ileum as required. Threads are tied around both ends of 
the ileum. Both the organ bath method (5-10 ml. 
capacity) (55, 56, 71-73) and the superfusion technique 
can be used satisfactorily (10, 49, 74, 75). Tyrode solu- 
tion at  37 O, oxygenated with 95 % 0, and 5 %C02, is used. 
This is a simple, sensitive, and accurate preparation for 
the detection of acetylcholine (0.0025 mcg./ml. or 1.5 X 


mole with organ bath method and 0.0025 mcg./ 
injection with superfusion technique). Occasionally the 
spontaneous contraction of the ileum makes it difficult 
to establish a straight base line which is essential for bio- 
assay. Antihistamines (71) or morphine (72, 73) may be 
added to the Tyrode solution to eliminate these sponta- 
neous contractions. The longitudinal smooth muscle of 
the guinea pig ileum is preferred to the whole ileum in 
this respect because it produces very little if any spon- 
taneous contractions (55). Three minutes should be 
allowed between doses in the organ bath method and 1 
min. between doses in the superfusion technique. 


A superfused cooled guinea pig ileum preparation has 
been developed particularly for biosassay of endogenous 
acetylcholine released by acetylcholine releasers (74,75). 


Longitudinal Smooth Muscle of Guinea Pig Ileum-The 
guinea pig ileum, up to 15.24 cm. (6 in.) in length, is ex- 
cised according to the method described in the section on 
the guinea pig ileum preparation. The ileum is gently 
freed of excess mesentery and pulled over a glass rod 
immersed in Tyrode solution in a large shallow con- 
tainer at room temperature (25"). Dissection of the 
longitudinal muscle layer is performed by making the 
initial incision along the site of attachment of the mesen- 
tery. The mesenteric remnant is held with forceps to 
minimize crush damage and the longitudinal muscle is 
separated from the underlying structure by gentle ten- 
sion with forceps in a direction parallel to the underlying 
circular muscle fiber (55 ,  76-80). A piece of longitudinal 
smooth muscle, about 2 cm. in length, tied at  both ends, 
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is placed in an organ bath with a capacity of 1-5 ml. or 
in a superfusion assembly. The Tyrode solution, at  32’, 
is oxygenated with 95 % O2 and 5 % C02.  The preparation 
shows minimum spontaneous contractions when the 
Tyrode solution is kept at 32’ (55, 81). 


This preparation is preferred to the whole ileum for 
the following reasons (55): (a) The preparation consists 
of fairly pure longitudinal smooth muscle (about 82 %) 
and the amount of noncontractile tissues such as nervous 
elements, serosa, etc., is small compared to that of the 
whole ileum. (b)  The preparation is very thin so that 
the drugs can easily contact the cell membrane and 
can easily be washed away. Therefore, the prepara- 
tion lasts longer and gives more consistent responses to 
the drugs. (c) The preparation shows little, if any, 
spontaneous contraction, whereas spontaneous contrac- 
tion of the whole ileum makes it difficult to establish a 
uniform base line. (d) The preparation is much smaller 
than the whole ileum so that a much smaller organ bath 
can be used to perform the experiment. The capacity of 1 
ml. has been used in this preparation, whereas 5 ml. is 
the minimum capacity for whole ileum preparation. The 
sensitivity of this preparation to acetylcholine is about 
the same as that of whole ileum preparation. 


Peristalsis Movement of Guinea Pig Ileum-A piece of 
guinea pig ileum, about 4-6 cm. in length, is suspended 
in an organ bath with a capacity of 50 ml. The oral end 
of the ileum is tied to the short end of a “J” tube while 
the caudal end is attached to an inverted “U” tube 
which is fitted with a valve made from flat drainage tub- 
ing. The inverted U tube is suspended from a lever or a 
force transducer which records the longitudinal contrac- 
tions. The long limb of the J tube is used to transfer the 
pressure changes in the intestinal lumen by air transmis- 
sion to a float recorder. Tyrode solution from a Mar- 
riotte bottle enters the intestinal lumen through a poly- 
ethylene tube connected to the short end of the J tube. 
The peristaltic reflex is initiated by raising the pressure 
in the lumen by 2-3 cm. of Tyrode solution, at 37 ’, which 
is oxygenated with 95 % O2 and 5 % CO,. 


This preparation was described by Biilbring et al. in 
detail (82). It can be used to study the intestinal peri- 
stalsis, longitudinal contractions, intraluminal pressure, 
and volume of fluid expelled. The peristaltic movements 
can be inhibited effectively by catecholamines. The doses 
of catecholamines required for complete inhibition of 
peristalsis are: 0.1 mcg./ml. of epinephrine HCl, 0.5 
mcg./ml. of norepinephrine HCl, and 30 mcg./ml. of dl- 
isoproterenol sulfate. The inhibitory effect of the 
catecholamines on the peristaltic movement can be re- 
versed by the adrenergic blocking agents (83). The drugs 
can be applied to the inside of the intestine as well as to 
the outside. This preparation can also be used to test 
local anesthetics, ganglionic blocking agents, and 
atropine-like compounds (84-86). However, the sensi- 
tivity of the tissue fluctuates considerably. Thus, it is 
more suitable for qualitative than quantitative work. 
This method is modified from those described by Bulb- 
ring and Lin (87), and Trendelenburg (88). 


Coaxial Stimulation of Guinea Pig Ileum-A loop of 
guinea pig ileum is suspended in Krebs solution, at  37’, 
and oxygenated with 95 % 0 2  and 5 COZ. The lower 
end of the intestine is tied to glass tubing into which an 


electrode protrudes so that the electrode can move freely 
with the movements of the intestine. The upper end of 
the ileum is tied to  a fine polyethylene tubing which en- 
closes the upper part of the platinum wire from its emer- 
gence from the intestine, up above the surface of the bath 
fluid. A second platinum electrodeis dipped into the bath 
fluid and makes the whole bath a diffuse external elec- 
trode. The arrangement permits a uniform excitation 
over the whole ileum and ensures that all the stimulation 
current applied traverses the intestinal wall. The prepa- 
ration is stimulated with shocks of 0.5-msec. duration. 
The threshold voltage is about 1 v. and the maximal vol- 
tage is about 5-25 v. (89). 


This preparation is more suitable for qualitative than 
for quantitative study and was originaly described by 
Paton (89). It has been suggested that the postganglionic 
cholinergic fibers are selectively stimulated through co- 
axial electrodes in this preparation, which has been used 
to  differentiate between direct and indirect drug actions 
on the guinea pig ileum (86,90-92). 


~erue-~ejunum Preparation of Rabbit-The rabbit is 
stunned by a blow on the head. The abdomen is opened 
and the jejunum which has the most mobile mesenteric 
attachment is taken. The nerve which lies in the mesen- 
tery along with the arterial blood supply is identified. 
Great care is taken not to stretch or otherwise damage 
the nerve in the mesentery. The intestine, about 2-3 cm. 
in length, is mounted in the organ bath of 30-ml. 
capacity or on a superfusion assembly. The mesentery is 
threaded and passed through an electrode similar to that 
used in the rat phrenic nerve-diaphragm preparation. 
The nerve is stimulated with rectangular-wave pulses of 
0.5-msec. duration and about 10 v. The slow rate 
stimulation (2-4 pulses/min.) may produce parasympa- 
thetic effects, whereas a high rate of stimulation (30-50 
pulses/min.) produces sympathetic effects. To avoid fa- 
tigue, the stimulus should not be applied for more than 
30 sec. and at least 1.5-2 min. should be allowed for re- 
covery. Tyrode solution at  37 ’, oxygenated with 95 % O2 
and 5 COz, is used to perform the experiment. 


This preparation was originally described by Finkle- 
man (49) and is suitable for qualitative rather than 
quantitative studies of adrenergic blocking agents, 
cholinergic blocking agents, and local anesthetics. The 
preparation is especially useful for evaluating agents 
acting on the adrenergic nerve terminals. Physiological 
antagonism between catecholamines and parasym- 
pathetic effects can also be shown in this preparation 


Rat Fundus Strip Preparation-A rat is decapitated 
and is left to  bleed. The abdomen is opened. The fundal 
part of the stomach is dissected, opened out longitu- 
dinally and placed in a dish containing Krebs solution. 
Suitable transverse cuts are made to  obtain a strip about 
4-5 cm. long. Threads are attached at  both ends and the 
strip is mounted in an organ bath of 5-10-ml. capacity. 
An initial tension of 1 g. is placed on the preparation. 
Krebs solution, a t  37’, is oxygenated with 95 % O2 and 
5 C02. Since the muscle does not relax spontaneously 
after contraction by drugs, it must be stretched to assist 
its recovery to the original length. Isometric recording is 
better than isotonic recording since the muscle length 


(56). 
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can be kept constant. The preparation should be left in 
the organ bath at  least 30 min. before use and 6 min. or 
longer should be allowed between doses. 


This method was originally described by Vane (93). It 
is extremely sensitive to 5-hydroxytryptamine which 
contracts the muscle at dose levels as low as 0.4-0.8 ng./ 
ml. For bioassaying 5-hydroxytryptamine in the tissue 
extracts, atropine or hyoscine must be added to the 
Krebs solution. The sensitivity of this preparation to 
acetylcholine is lower than that of the leech dorsal 
muscle treated with physostigmine and is about the same 
as that of the guinea pig ileum. This muscle is rather in- 
sensitive to nicotine and histamine. 


Rat Uterus Preparation-Young female rats, weighing 
150-200 g., are decapitated and the abdomen opened. 
The animal should be in oestrus which can be induced by 
injecting subcutaneously 0.1 mg./kg. of stilbestrol24 hr. 
before the animal is sacrificed. The two horns of uteri 
are transferred to a dish containing warm DeJalon solu- 
tion (NaC1,9.0; KCl, 0.42; glucose, 0.5; NaHC03, 0.5; 
and CaC12, 0.03 g./l.) or Krebs bicarbonate solution. 
Each horn is cut open and divided longitudinally so that 
four pieces can be obtained from one animal. The threads 
are tied to each end of each piece (about 2 cm. in length 
in situ), which is then mounted in an organ bath of 10 ml. 
capacity. The DeJalon solution, at 30-32", is oxygenated 
with 95% O2 and 5 %  COz, which maintains the pH at 
about 7.4. An initial tension of 0.5 g. is applied to the 
muscle and the contraction is measured isometrically. 
The preparation should be left for 30 min. before use 


The responses obtained with this tissue are quicker 
than those obtained with the rat fundus strip preparation 
but are slower than those produced by the guinea pig 
ileum preparation. Spontaneous contractions are quite 
obvious in this preparation when usual physiological 
salt solutions are used as bathing fluid. The calcium 
concentration in DeJalon solution is therefore lower 
than in other physiological salt solutions. Three minutes 
or longer should be allowed between doses. 


This preparation is extremely useful for studying the 
cholinergic effects of acetylcholine and its derivatives for 
the following reasons (56): (a) The slope of the log dose- 
response curve obtained with acetylcholine and its 
derivatives is very steep and thus is convenient for 
analysis of the results. (b) It is remarkably insensitive to 
histamine. However, it is not suitable for bioassay of 
acetylcholine and its derivatives obtained from tissues 
because the sensitivity of this preparation is lower than 
those of the guinea pig ileum and the leech dorsal muscle 
treated with physostigmine. Though the preparation 
is less sensitive than the rat fundus strip for 5-hydroxy- 
tryptamine assays, it has the definite advantage of 
readily returning to basal tension following exposure. 


This preparation is historically very important be- 
cause it has P-adrenergic receptors. Therefore, it is very 
sensitive to epinephrine (lo-' mole) and dl-isoproterenol 
(2 X 10-8 mole) but is relatively insensitive to nor- 
epinephrine (2 X 
mole) (94-96). The bioassay of catecholamines has been 
largely replaced by the sensitive fluorometric method. 
However, this preparation is still very useful for phar- 
macologic studies on catecholamines. For pharma- 


(94). 


mole) and ephedrine (2 X 


cologic study of a-adrenergic agents, the rabbit aortic 
strip preparation can be used. 


Rabbit Aortic Strip Preparation-A rabbit is sacrificed 
by a blow on the head and cutting the throat for bleed- 
ing. The descending aorta is removed and is placed in a 
dish containing Krebs solution at  room temperature. 
The excised aorta is cut spirally with a small sharp- 
pointed scissors to produce a strip about 3 mm. wide and 
2-4 cm. long. The uncut portion of the aorta is held 
gently between thumb and fingers of the free hand and is 
moved gradually forward to the scissors to permit a 
continuous spiral incision. It is not recommended to pull 
the aorta over a glass rod or a wooden rod for faster 
cutting because the aorta strip does not respond well to 
drugs because of injury by stretching on the rod. Threads 
are attached to both ends of the preparation which is 
then mounted in an organ bath of 10-ml. capacity. The 
Krebs solution, at 37", is oxygenated with 95 % O2 and 
5 %  CO,. An initial tension of 3-4 g. is placed on the 
muscle. The preparation should be allowed to  equilibrate 
for 30 min. or more before use (97,98). 


Since drug response is slow and recovery is long, 30 
min. or more is necessary between doses. However, if 
isometric recording is used, a much shorter period of 
time is required for recovery and more accurate results 
can be obtained, due to  the small changes in length 
during muscle contraction. In contrast to the rat uterus 
preparation, this preparation contains a-adrenergic 
receptors. Therefore, the effects of catecholamines on 
this preparation are not blocked by 0-adrenergic block- 
ers such as propranolol(99). 


This preparation is extremely smsitive to epinephrine 
(5 X loF9 mole) and norepinephrine (5 X mole) but 
is less sensitive to dl-isoproterenol (2 X lo-' mole), his- 
tamine (5 X mole), 5-hydroxytryptamine (5 X lo-* 
mole), and acetylcholine ( 2  X mole) (98, 100, 101). 
Because of the long duration of the experiments, it is 
important to  check the solutions of catecholamines for 
deterioration. If necessary, a freshly made solution 
should replace the original. 


Dog Mesenteric Artery Preparation-Mongrel dogs 
are anesthetized with 15 mg./kg. of thiopental sodium 
and 250 mg./kg. of barbital sodium. The bundles of 
nerves which follow the vessels through the mesentery 
are freed at the central end of the arteries. The superior 
mesenteric artery is freed of mesenteric attachment and 
cannulated with polyethylene tubing (PE 100). Distally, 
the branching fans of smaller arteries are cut at  the sites 
of entrance into the small intestine. The isolated prepa- 
ration is quickly mounted in an organ bath with 100 ml. 
of Krebs bicarbonate solution at  pH 7.3. It is oxygenated 
with 95 0 2  and 5 % C 0 2  and is maintained at 37". The 
mesenteric arteries are perfused with a constant flow of 
Krebs bicarbonate solution (30-50 ml./min.). An ar- 
terial pressure transducer is attached to  the cannula 
which leads from the pump to the artery. Changes of 
perfusion pressure are then proportional to changes in 
arterial resistance. The drugs are injected into the rub- 
ber tubing close to the mesenteric artery with a volume of 
not more than 0.1 ml. The nerve is pulled through the 
electrodes and is held in place by a ligature. The nerve is 
stimulated with 1-msec. duration, 50 C.P.S. frequency 
and 10-15 v. supramaximal voltage (102, 103). 
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This preparation gives reproducible pressor responses 
to injected catecholamines and to  nerve stimulation for 
periods of several hours (102). The responses to nerve 
stimulation are postganglionic a-adrenergic in nature 
(103). Various adrenergic and adrenolytic agents have 
been studied with this preparation (103). This is a good 
preparation for qualitative study of the pharmacology of 
a-adrenergic and adrenolytic agents on the blood vessels 
innervated with sympathetic nerves. 


Guinea Pig Tracheal Chain Preparation-Adult guinea 
pigs are sacrificed by a blow on the head. The trachea is 
dissected and transferred to a dish containing Krebs 
solution. The trachea is then sectioned into rings by 
cutting transversely between the segments of cartilage. 
The rings are tied together to form a chain with the 
muscular parts of the rings arranged alternatively at two 
sides of the tracheal chain. The Krebs solution, at 37", is 
oxygenated with 95 % Or and 5 % COz. The capacity of 
the organ bath is about 10-15 ml. An initial tension of 
0.2-0.5 g. is placed on the tracheal chain. 


This preparation was originally described by Castillo 
and DeBeer (104). The tracheal muscle of the calf can 
also be used (105, 106). It is a slow responding prepara- 
tion. Thus at  least 15 min. should be allowed between 
doses for responses induced by small doses and 30 min. 
or longer for responses induced by large doses of ago- 
nists such as acetylcholine and histamine. This prepara- 
tion can be used to study the pharmacologic effects and 
dose-response curves of catecholamines. In this case the 
preparation is contracted with acetyl-/3-methylcholine 
first and then relaxed with various doses of catechol- 
amines. Ariens added cumulative doses of catechol- 
amines to the organ bath to get satisfactory cumulative 
dose-response curves (105, 106). The threshold doses of 
epinephrine, norepinephrine, and dl-isoproterenol are 
about lo-' mole, 10-7 mole, and 5 X lo-* mole, respec- 
tively. 


Guinea Pig Vas Deferens Preparation-Male guinea 
pigs, weighing 400-800 g., are sacrificed by a blow on 
the head. The abdomen is opened in the midline and the 
intestines displaced to the right. The vas deferens is 
freed from connective tissue and cut from the epididy- 
mis. The vas deferens is held with small forceps near the 
cut end and is freed from the adjacent tissue. The right 
and left hypogastric nerves can be seen in the middle of 
the mesentery of the colon. One nerve is tied, and cut 
about 5 cm. from the vas deferens; this is cleaned to 
within 0.5 cm. of the vas deferens. The remainder of the 
nerve which is fine and diffuse is preserved by isolating 
the piece of peritoneum which contained it. The vas 
deferens is then cut from the urethra and removed to- 
gether with its nerve and small piece of peritoneum and 
is placed in a dish containing Krebs solution. An organ 
bath containing 20 ml. of Krebs solution at  32", oxy- 
genated with 95% 0, and 5 %  COr, is used. The prepa- 
ration is set up as described below and an initial tension 
of 0.75-1.0 g. is applied. 


For stimulating the hypogastric nerve, the vas de- 
ferens is set up in a method similar to that of the rabbit 
nerve jejunum preparation (Finkleman preparation) 
(107, 108). The vas deferens is tied by its proximal end to  
the bottom of the organ bath and the distal end to a 
lever or a force transducer. The hypogastric nerve is 


stimulated submaximally with rectangular pulses of 
2-3 v. and of 2 msec. duration for 2-3 sec. every minute 
at  a frequency of 80 C.P.S. 


For transmural stimulation one end of the vas de- 
erens is tied to  a supporting hook and the other (upper 
end) to the recording lever. The electrodes are two 
parallel lengths of platinum wire, 0.05-cm. (0.02411.) 
diameter, cemented to the edges of a Perspec gutter so 
that the vas deferens can be suspended between them. 
Stimulation is performed for periods of 15 sec. at  3-min. 
intervals at a frequency of 25 C.P.S. with a pulse duration 
of 0.1 msec. at supramaximal voltage, usually 90-120 
v. (109, 110). The transmural stimulation can also be 
performed by Paton's method (89) described in the sec- 
tion of the coaxial stimulation of the guinea pig ileum. 


The vas deferens can also be stimulated alternatively 
through the hypogastric nerve and transmurally. For 
both stimulations, a frequency of 25 C.P.S. and a pulse 
width of 0.1 msec. with supramaximal voltage (90-1 20 v. 
for transmural and 30-60 v. for hypogastric nerve 
stimulation) are used (1 10). 


This preparation was originally described by HukoviE 
(1 11) and modified by other investigators (107-1 10,112). 
It is extremely useful for stimulating separately, pre- 
ganglionic and postganglionic fibers; the former through 
the hypogastric nerve and the latter through transmural 
stimulation. The electrodes must be placed within 2 mm. 
of the tissue to  obtain primarily postganglionic hypo- 
gastric nerve activation. The usual 3-5-cm. distance on 
the hypogastric nerve from the tissue will activate pri- 
marily preganglionic fibers. The preparation can also be 
done successfully using rats, rabbits, and mice (1 12, 113). 


For studying the pharmacologic mechanism of 
adrenergic systems, this is an extremely useful prepara- 
tion because when the vas deferens is removed without 
the hypogastric nerve and stimulated transmurally, the 
contractions produced are primarily due t o  the excita- 
tion of postganglionic adrenergic nerves (109, 110). It is 
also useful for studying the pharmacology of cholinergic 
agents and local anesthetics. This preparation can be 
contracted both by cholinergic and adrenergic agents. 
The greatest advantage of this preparation for studying 
adrenergic agents, as compared with the guinea pig tra- 
cheal chain preparation and rabbit aortic strip prepara- 
tion, is that it responds and relaxes to  the drugs rapidly. 
Consequently, much data can be obtained within a short 
period of time. However, the sensitivity of this prepara- 
tion to most of the drugs in comparison with the other 
preparations is rather low and thus is not suitable for 
quantitative bioassay. 


Heart Muscle Preparations-Rabbit Heart Prep- 
aration-A rabbit is sacrificed by a blow on the head. 
The heart is removed as quickly as possible. I t  is placed 
in a bath containing Ringer-Locke solution (NaC1, 9.0; 
KC1, 0.42; glucose, 1.0; NaHC03, 0.5; and CaCl,, 0.12 
g./l.) at room temperature and is squeezed gently to re- 
move the blood. The aorta is identified, freed, and cut 
just below the point where it divides. The aorta is then 
tied onto the glass cannula of the perfusion apparatus. 
The Ringer-Locke solution, oxygenated with 95 %Or and 
5 % COs, at 37 O is perfused through the heart with con- 
stant pressure (30 mm. Hg). The fluid passes only 
through the coronary vessels and escapes from the in- 
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Table IV-Methods for Bioassay of Cholinergic Agents 


Speed of Threshold Dose 
Preparation Assay Technique of Acetylcholine Refercnces 


Leech muscle Slow Organ bath 6 x 10-9 mole (0.001 mcg./ml.) 17 


Chick semispinalis More rapid Organ bath 2.4 X mole (0.004 rncg./ml.) 62 


Cat blood pressure Rapid in vivo 0.002 mcg./kg. 17 


Guinea pig ileum Rapid Organ bath 1.5 X LO+ mole (0.0025 mcg./ml.) 55 


Frog rectus muscle Adequate Organ bath 6 X 10-6 mole (0.01 mcg./ml.) 55 


Guinea pig ileum Very rapid Superfusion 0.0025 mg./injection 10, 75 
Frog rectus muscle More rapid Superfusion 0.01 mcg./injection 10, 39 


ferior vena cava since the aortic valve is closed by the 
pressure of the perfusion fluid. The perfusate is collected 
by a funnel and the rate of flow can be measured with a 
graduated cylinder and a stopwatch. A thread is attached 
to the ventricle by a hook and connected to spring levers 
or a force transducer to  record the amplitudes of the 
heart contractions. Readings of the heart rate and of the 
coronary flow are usually taken over a period of 30 sec. 
Drugs are injected through the rubber cap into the per- 
fusion fluid. The heart rate and the flow rate of the fluid 
should be taken approximately every 3 min. 


This preparation is well known as the Langendorff 
preparation (1 14,115) and can be used to study coronary 
dilators, coronary constrictors, and drugs affecting the 
inotropic and chronotropic effects of the heart (1 16, 
117). For example, coronary vessels are constricted by 
vasopressin (8 X lo-" mole/injection) and dilated by 
amyl nitrite (2 X mole/injection). The rate and 
force of the heart are consistently increased by epineph- 
rine (2.5 X mole/injection), norepinephrine ( 3  X 


mole/injection) or dl-isoproterenol (7.5 X lo-'" 
mole/injection) which are blocked effectively by p- 
adrenergic blocking agents such as propranolol(7.5 X 
1 0-9 mole/injection). Ventricular fibrillation may be ob- 
served when chloroform (1 X mole/injection) is 
given and followed by catecholamines. This preparation 
is used mainly for qualitative pharmacologic studies. 


Guinea Pig Auricle Preparation-Guinea pigs are 
killed by a blow on the head. The heart is removed as 
quickly as possible and placed in Feigan solution (Na- 
C1,9; KC1,0.42; CaC12, 0.62; glucose, 1.0; and NaHC03,  
0.6 g./l.) at  room temperature. All other tissue is cut 
away, leaving only the auricles. Threads are tied to the 
tips of each auricle and the preparation is mounted on a 
superfusion assembly or in an organ bath with a capac- 
ity of 25 ml. The auricle is maintained with a resting 


Table V-Methods for Bioassay of Adrenergic Agents 


tension of 1 g. and is allowed to  stabilize for at least 30 
min. before use. Feigan's solution is oxygenated with 
95 % O2 and 5 % COz at 30". 


For transmural stimulation in the organ bath, plati- 
num electrodes are placed on each side of the auricle at a 
distance of 1 cm. from the auricle (118, 119). The dura- 
tion of the pulse is held constant at 20 msec., the voltage 
at  150 v., and the period of the stimulus at  15 sec. A fre- 
quency of 2 C.P.S. is used to elicit a parasympathetic 
response and a frequency of 15 C.P.S. is used to  induce 
both sympathetic and parasympathetic response ( 1  19). 
The preparation can have the vagus nerve attached, 
which can be stimulated with biphasic stimulation of 35 
c.P.s., 6-msec. duration, at 3 v. (120). 


For transmural stimulation of the auricle in the super- 
fusion assembly, platinum wire electrodes are placed 
above and below the auricle, so that they are in continu- 
ous contact with the bathing fluid, but not with the tis- 
sue. The stimulus parameters are the same as in the 
organ bath method (121). 


Both Feigan solution and Locke-Ringer solution 
(NaCl, 9.0; KCI, 0.42; CaC1,.2H20, 0.24; NaHC03, 0.3; 
and glucose, 2.0 g./l.) can be used as bathing fluid. How- 
ever, the former solution is preferred due to the 
higher concentration of CaClz (0.62 g./l.) which pro- 
duces a heart beat that is stronger, more consistent, and 
longer lasting. The pH of the solution should be kept at 
7.4. This preparation can be done using the frog, turtle, 
chicken, rat, and rabbit as well (1 19). 


The normal preparation is used primarily for qualita- 
tive studies of drugs affecting heart function, such as 
acetylcholine and its derivatives, catecholamines, atro- 
pine-like compounds, and adrenergic blocking agents. 
However, it can also be used to determine the affinity 
constants of competitive antagonists of acetylcholine. 
The transmurally stimulated and the vagus nerve 


Speed of Threshold Dose 
Preparation Assay Technique of CatecholaminesQ References 


Rat uterus 


Rabbit aorta strip 


Adequate 


Slow 


Guinea pig tracheal Slow 
chain 


Organ bath 2 X 10" mole Is0 
1 X mole Epi 
2 X mole N.E. 


94, 95, 96 


Organ bath 2 X mole Is0 97, 98 
5 X mole Epi 
5 X mole N.E. 


1 X mole Epi 
1 X mole N.E. 


Organ bath 5 X mole Is0 104 


Guinea pig vas deferens Adequate Organ bath 3 X mole N.E. 111 


a Iso, isoproterenol; Epi, epinephrine; and N.E., norepinephrine. 
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Table VI-Methods for Bioassay of Histaminergic Agents 


Preparation 


~ ~ ~ 


Speed of Threshold Dose of 
Assay Technique Histamine References 


Rabbit aorta strip 
Guinea pig tracheal 


chain 


Slow Organ bath 5 x lo-* mole 91, 98 
Slow Organ bath 5 X 10-7 mole 104 


stimulated preparations are used primarily for the 
qualitative studies of the mechanisms of heart functions 
and drugs affecting heart functions (1 19, 120). 


Kitten Papillary Muscle Preparation-Kittens are 
killed by a blow on the head and the heart is dissected as 
quickly as possible. The papillary muscles which are 
usually 0.5-0.7 mm. wide and 5-8 mm. long are dis- 
sected. The preparation is mounted on the apparatus 
described by Blinks (122, 123). The tension of the 
muscle is adjusted initially to approximately half the 
level associated with maximally developed tension and 
the length kept constant thereafter. The papillary muscle 
can also be obtained from the guinea pig. 


This preparation is used primarily for qualitative 
studies of the drugs affecting heart function. The field 
stimulicanaffect the heart function via sympatheticeffects 
and parasympathetic effects. The heart function is also 
affected by synchronization of the contractions of the 
various parts of the preparation when the conduction in 
the muscle is slow. Field pulses of 50-ma. strength and 
2-msec. duration are found to be nearly maximally effec- 
tive in eliciting both sympathetic and parasympathetic 
effects (1 23). 


Subcellular Preparations-Synaptic Vesicles-Rats, 
weighing about 300 g., are decapitated and the cerebral 
cortex or any other portion of the brain tissue is isolated 
as quickly as possible. All procedures described here 
should be performed at  0-4". The brain tissue is 
weighed and homogenized in 0.32 M sucrose solution 
at  1200 r.p.m. for four strokes in a glass homogenizer 
with a Teflon plunger. The homogenate is diluted to 
10 % with 0.32 M sucrose and centrifuged in the cold for 
10 min. at 900 Xg. The supernate is saved and the 
sediment is washed once by rapid rehomogenization in 
sucrose solution and centrifuged as above. The two 
supernates are combined and centrifuged for 20 min. at 
11,500 Xg. The pellet is treated with distilled water (10 
ml. per 1 g. tissue) containing 1 X mole of Ca++ and 
1.5 X mole of physostigmine. The material is reho- 
mogenized and centrifuged at 11,500 Xg for 20 min. The 
supernatant is recentrifuged at  100,000 Xg for 30 min. 
The synaptic vesicle is localized mainly at the pellet 
portion. This procedure is described by DeRobertis et 
al. (124-126). The procedure described by Whittaker 
et al. is essentially the same as that described by De- 
Robertis et al., except that the final supernatant is sub- 
jected to density gradient purification in order to obtain 
a purer preparation (127, 128). 


Table VII-Methods for Bioassay of Serotonin 


This is a convenient preparation to be used to study 
the drugs which release acetylcholine from the nerve 
terminals (129). Recently, it has been found that most of 
the nicotinic agents act through release of acetycholine 
from the nerve terminals (64, 75). These nicotinic 
agents can also release acetylcholine effectively from the 
synaptic vesicle preparation. The acetylcholine-releasing 
effects of these nicotinic agents are markedly blocked by 
triethylcholine on the isolated guinea pig ileum and baby 
chick biventer cervicis nerve muscle preparations (64, 
7 3 ,  but are not blocked on the synaptic vesicle prepara- 
tion (129). This indicates that the nicotinic agents are 
taken up by the nerve terminals before they can release 
acetylcholine from the synaptic vesicles. The uptake of 
nicotinic agents by the nerve terminals is possibly 
blocked by triethylcholine at  the membrane site of the 
nerve terminals. This hypothesis can be further illus- 
trated using the synaptosome preparation described in 
the following section. The acetylcholine released from 
the synaptic vesicles or synaptosomes can be bioassayed 
with superfused, cooled guinea pig ileum described in the 
section on the guinea pig ileum preparation. This 
preparation can also be obtained from the brains of 
animals such as guinea pig, rabbit, cat, mouse, and 
others. 


Synaptosome Preparation-Rats, weighing about 300 
g., are sacrificed by decapitation and the brain tissue is 
removed as quickly as possible. All manipulations are 
performed at  0-4". A 10% homogenate of brain tissue is 
prepared in 0.25 M sucrose using a glass and Perspex 
homogenizer rotating at  1200 r.p.m. with a difference in 
diameter of 0.025 mm. between pestle and mortar. The 
homogenate is centrifuged at  1000 x g  for 15 min. The 
supernatant is recentrifuged a t  12,500 Xg for 15 min., 
and the sediment is resuspended in 0.25 M sucrose (2 
ml./g. of original tissue). Five milliliters of this crude 
mitochondria1 fraction is carefully layered on the top of 
the synthetic polymer (Ficoll) gradient and the contents 
are centrifuged at  90,000 Xg for 60 min. The synapto- 
somes are obtained mainly from the second and third 
fractions of the six distinct layers. These fractions are 
diluted with 0.25 M sucrose and centrifuged at 120,000 
Xg for 20 min. to remove the polymer gradient. The pel- 
lets are suspended in 0.25 M sucrose and aliquots are 
used for assay or incubation. The polymer gradients are 
made by successive layering of 5 ml. each of 20, 16, 12,8, 
and 2 %  polymer solutions made with 0.25 M sucrose 
into a 2.54 x 7.62-cm. (1 x 3-in.) cellulose tube. The 


Preparation 


~~ ~ 


Speed of Threshold Dose 
Assay Technique of Serotonin References 


~~ ~ 


Rat fundus Adequate Organ bath 1 x 10-9mole 93 
Rabbit aorta strip Slow Organ bath 5 x 10-8mole 91, 98 
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Table VIII-Methods for Study of the Sites of Action of Drugs on the Peripheral Nervous System 


Cholinergic Nervous System 7 


Muscarinic or Nicotinic or __-_ Adrenergic Nervous System-- 
Postganglionic Preganglionic Neuromuscular Postganglionic Preganglionic 


Site Site Junction Site Site 


Dog blood pressure 
~~ ~~ 


Dog blood pressure 
after atropine 


Dog chorda tympani- 
Wharton's duct 


Guinea pig ileum 


Longitudinal smooth 
muscle of guinea 
pig ileum 


Coaxial stimulation 
of guinea pig ileum 


Rat fundus 


Rabbit aortic strip 


Dog chorda tympani- 
Wharton's duct 


Frog rectus 
abdominus muscle 


Leech dorsal 
muscle 


Chick semispinalis 
cervicis muscle 


Rabbit nerve- 
jejunum (slow 
stimulation) 


Rabbit sciatic 
nerve-gastroc- 
nemius (fast 
muscle) 


Cat soleus muscle 
(slow muscle) 


Cat tibialis 
anticus muscle 
(fast muscle) 


Rat phrenic nerve 
diaphragm (fast 
muscle) 


Chick biventer 
cervicis (fast 
and slow muscles) 


Chick sciatic- 
tibialis anticus 
(fast andl slow 
muscles) 


~~~ 


Cat nictitating 
membrane 


Peristalsis 
movement of 
guinea pig 
ileum 


Rat fundus (for 
P-adrenergic 
receptor) 


Rabbit aortic strip 
(for a-adrenergic 
receptor) 


Guinea pig tracheal 
chain 


Guinea pig vas 
deferens (trans- 
mural stimulation) 


artery 
Dog mesenteric 


Cat superior 
cervical 
ganglia 


Guinea pig vas 
deferens- 
hypogastric 
nerve 


Rabbit nerve- 
jejunum (fast 
stimulation) 


tubes are allowed to  stand at room temperature for 60 
min. and at 4" for 30 min. (130, 13 1). 


The synaptosomes can also be obtained by methods 
described by Whittaker et al. (127, 132, 133) or De- 
Robertis et al. (124). However, since these methods are 
performed with the density gradient in hypertonic 
sucrose solution, the synaptosomes show characteristic 
morphological changes (1 34), decrease in oxidative 
phosphorylation (133, and spontaneous release of 
bound acetylcholine (13 1). 


The synaptosome preparation can be used to study 
the drugs which release acetylcholine from the nerve 
terminals and the drugs which block the release of 
acetylcholine. It is a convenient method and gives direct 
evidence to demonstrate the turnover, kinetics, and 
pharmacology of cholinergic mechanisms at the nerve 
terminals. It is hoped that combined use of the synaptic 
vesicle and synaptosome preparations may facilitate the 
clarification of cholinergic mechanisms which are much 
less understood than are adrenergic mechanisms. 
Methods for determining the quantity of drugs taken-up 
into synaptosomes and the volume of synaptosomes are 
described by Marchbanks (136, 137). 


CONCLUSION 


Bioassay is a technique developed entirely by the 
pharmacologists (138). A good bioassay technique must 
be sensitive, accurate, and rapid in responding to the 


Table =-Methods for Study of the Sites of Drug Actions 
at Heart and Nerve Terminals 


Heart Nerve Terminals 


Rabbit heart Synaptic vesicles 
Guinea pig auricle Synaptosome 
Kitten papillary muscle 


drugs administered. For years the leech dorsal muscle 
and the frog rectus abdominis muscle preparations were 
the only skeletal muscle preparations widely used for 
bioassay of nicotinic agents (54, 57). The introduction of 
the chick semispinalis cervicis muscle preparation 
furnishes a more rapid technique for the bioassay of 
these agents (62). 


The superfusion technique was first described by 
Finkleman (49) and later modified by Gaddum (50). 
This is an extremely useful technique for bioassay 
because it can be performed with more speed, greater 
accuracy, and higher sensitivity than the organ bath 
technique (Table IV). It is highly recommended for bio- 
assay of drugs of trace quantity. It is also a good tech- 
nique for obtaining ample amounts of data within a 
short period of time. The methods for bioassay of drugs 
acting at the peripheral systems are summarized in 
Tables IV-VII. 


Besides being used for bioassay, the biological prepa- 
rations described are also widely used to  study the sites 
of drug effects on the peripheral nervous system. The 
methods for studying the specific sites of the peripheral 
nervous systems are classified in Tables VIII and IX. 
The rat phrenic nerve-diaphragm muscle preparation 
has long been used as the sole preparation for in v i m  
study of neuromuscular transmission (65). The chick 
biventer cervicis nerve muscle preparation (63, 64) and 
chick sciatic-tibialis anticus preparation (69, 70) were 
introduced later. They have the advantages of consisting 
of both fast and slow muscles. They are easy to prepare 
and can survive with interrupted tetanic stimulation 
(74). The dog mesenteric artery preparation is an inter- 
esting one with sympathetic nerve attached to  the 
artery. It is extremely useful for studying the pharma- 
cology of drugs and nerve regulations on the blood ves- 
sels (102, 103). 


The synaptic vesicle and synaptosomes are newly 
developed preparations with high potential for solving 
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the mechanism of drug actions at  the nerve terminals. 
For example, nicotinic agents such as nicotine, tri- 
methylamino alcohols, decamethonium, and others have 
been reported t o  release acetylcholine from the nerve 
terminals, which can be blocked by triethylcholine 
(64, 75). The action mechanism of these findings are 
explored by using synaptosome and synaptic vesicle 
preparations. Nicotine and choline have been found to 
be taken into the intracellular site of superior cervical 
ganglia (139) and synaptosomes (137), which can be 
blocked by hexamethonium and hemicholinium, respec- 
tively. It has also been found that nicotinic agents are 
capable of releasing acetylcholine from the synaptic 
vesicles, which is not blocked by triethylcholine nor by 
hemicholinium (129). I t  is thus concluded that the nico- 
tinic agents are probably taken into nerve terminals for 
releasing endogenous acetylcholines whereas the uptake 
of nicotinic agents is blocked by triethylcholine or 
hexamethonium at the membrane site of the nerve 
terminals (64, 75, 129). 
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method. As shown in the table, there is no statistical difference 
between the methods with respect to the means and variances. 


After the HCI-citric acid solution is added to the crushed tablet, 
a pH of 0.9-1 is observed. Slight effervescence occurs but subsides in 
less than 1-2 min. The extraction of the undissociated salicylic 
acid and aspirin by chloroform is then accomplished. The aspirin 
and salicylic acid are extracted from the chloroform solution by the 
buffer solution. The whole experiment takes about 10 min. 


To ensure complete extraction of salicylic acid and aspirin into 
the chloroform solution, some of the aqueous phase was treated 
with 1 N NaOH and tested for the absence of salicylate fluo- 
rescence. Also, to be assured of complete extraction of salicylic 
acid from the chloroformic solution, some of the organic phase was 
run on the sprctrophotometer to observe the absence of salicylic 
acid. 
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Gas-Liquid Chromatography of &Biotin 


V. VISWANATHAN, F. P. MAHN, V. S. VENTURELLA, and B. Z. SENKOWSKI 


Abstract 0 A rapid and specific gas chromatographic method has 
been developed for the detection and determination of d-biotin. 
This technique has been found applicable t o  agricultural premixes 
and pharmaceutical injectable preparations. After suitable pre- 
liminary extraction, the biotin silyl ester is prepared using bis- 
(trimethylsily1)acetamide (BSA) reagent. The silyl ester of d-biotin 
exhibited good peak symmetry and a linear response when utiliz- 
ing a hydrogen flame ionization detector with a 2% OV-17 column 
operated at a temperature of 190”. The conditions for the assay of 
d-biotin in several preparations are described employing n-octa- 
cosane as the internal standard. The standard deviation of the 
developed procedure under the conditions studied was =k2.7Cj,. 


Keyphrases 0 d-Biotin-determination 0 Parenterals, agricultural 
premixes-d-biotin analysis 0 n-Octacosane-internal standard 0 
GLC-anal ysis 


d-Biotin is widely distributed in animals and plants 
and was first isolated from egg yolk (1). It is required in 
comparatively small amounts for the growth of bacteria, 
plants, and animals and appears to  be related to the 
process of cell development. In 1940, GyBrgy et al. (2) 
published their work on the identity of biotin. In the 
following 2 years, du Vigneaud et al. (3, 4) established 
the empirical and structural formulas. In 1943, Harris 
et al. ( 5 )  synthesized d-biotin (the naturally occurring 
form) and in 1949, Goldberg and Sternbach (6) patented 
their findings of a more economical synthesis. 


While several microbiological techniques are cur- 
rently employed for the determination of d-biotin, a 
comprehensive survey of the literature indicated that 
GLC had heretofore not been employed for quantitative 
analysis. A considerable number of satisfactory GLC 
procedures have been reported for various water-soluble 
vitamins. These procedures involve the preparation of 
the appropriate trimethylsilyl derivatives (ester or ether) 
prior to GLC analysis. 


Carboxylic organic compounds, such as biotin, are 
not sufficiently volatile for direct analysis employing 
GLC. However, the chemical structure of d-biotin in- 
dicated the possibility of substituting the active hydro- 
gen of the carboxyl group with a silyl group, thereby 
making the gas chromatographic analysis possible. 
Horning et al. (7) mentioned the qualitative response 
of d-biotin silyl ester in their study of urinary acids and 
related compounds. 


This paper describes the quantitative GLC determina- 
tion of d-biotin after the conversion to its silyl ester with 
bis-(trimethy1silyl)acetamide (BSA). The derivative is 
easily formed and serves very well for quantitative 
analysis. The linearity of detector response with concen- 
tration injected, reproducibility, recovery data, and pro- 
cedures for handling several types of dosage forms are 
described. 
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EXPERIMENTAL 


Operational Parameters-The instrument used for this work was 
a Varian Aerograph model 204 B, equipped with a hydrogen-flame 
ionization detector. The column used was a stainless steel coil, 
121.9 cm. (4 ft.) long and 3 mm. o.d., packed with 2% OV-17 
on diatomite (Chromosorb G), AW/HMDS treated, 70/80 mesh. 
Prior to use, the column was flow conditioned at 225" for 1 6 2 0  
hr. with a stream of nitrogen. The temperatures were: column, 
190" (or adjusted accordingly to obtain a retention time of approxi- 
mately 19 min. for n-octacosane); injector port, 275" with a Pyrex 
insert; detector, 275". The flow rates were: carrier gas-nitrogen, 60 
ml./min.; detector gas-hydrogen, 30 ml./min.; and air, 300 ml./min. 
All injections were made using a 10-PI. Hamilton syringe with an 
injection volume of approximately 5 PI. The instrument was 
operated at a range of 10 and 32X attenuation (or sufficient to ob- 
tain a 5 0 2  peak response on the recorder scale). The recorder used 
was 0-1 mv. (Texas Instrument) with a pen response of 0.4 sec. and 
a chart speed of 12 in./hr. All peak areas were measured using a 
disk integrator. Under the conditions stated the relative retention 
time of d-biotin silyl ester is 0.68 with respect to the internal stan- 
dard, n-octacosane, which has a specific retention time of approxi- 
mately 19 min. A sample chromatogram is shown in Fig. 1. 


Reagents and Chemicals-Liquid phase phenylmethylsilicone 
fluid, OV-17, n-octacosane, and his-(trimethy1silyl)acetamide 
(BSA) were commercial grade (Applied Science Laboratories, 
Inc.). The solid support, diatomite (Chromosorb G), AW/HMDS 
treated, 70/80 mesh, was used as purchased (F & M Scientific Corp.). 
A11 solvents were analytical reagent grade, requiring no further 
purification. 


Standard Preparation-Internal Standard Solution-Five hundred 
milligrams of n-octacosane, accurately weighed into a 50-ml. vol- 
umetric flask, was dissolved and diluted to volume with n-hexane. 


Reference Standard Solution-An accurately weighed 50-mg. por- 
tion of standard d-biotin was placed in a 50-ml. volumetric Hask and 
treated with 5.00 ml. of bis-(trimethylsily1)acetamide reagent. The 
flask was stoppered and heated on a steam bath with frequent agita- 
tion until the reaction was complete and the solution clear (approxi- 
mately 20-30 min.). The mixture was cooled, 5.00 ml. of internal 
standard solution added, and the solution diluted to volume with n- 
hexane. 


Sample Preparation-A. d-Biotin Premix: I %-An accurately 
weighed portion of premix (equivalent to about 10 mg. of d-biotin) 
was placed in a 50-ml. centrifuge tube. Fifteen milliliters of absolute 
ethanol was added and the mixture warmed on a steam bath for 10 
min., with occasional agitation. The mixture was centrifuged and 
the clear supernatant liquid transferred to a 125-ml. conical flask 
without disturbing the residue. The extraction was repeated four 
more times and the extracts combined. The combined extracts were 
evaporated to dryness on a steam bath under a stream of nitrogen. 
Exactly 2.0 ml. of bis-(trimethylsily1)acetamide reagent was added. 
The vessel was stoppered and heated on a steam bath for 20-30 min. 
with frequent agitation. The sample preparation was cooled and 
1.00 ml. of internal standard solution (containing 10 mg. of n- 
octacosane) was added. Quantitative transfer of the entire mixture 
into a 10-ml. volumetric Hask was attained with the aid of n-hexane 
and the solution was diluted to volume with n-hexane (working 
sample solution). 


B. d-Biorin Parenteral: 0.05 %-A 20.0-mI. portion of sample prep- 
aration was transferred to a 125-rnl. conical flask. Concentrated 
hydrochloric acid, 0.5 ml., and 30 ml. of anhydrous methanol were 
added. The solution was evaporated to dryness on a steam bath 
under a stream of nitrogen. Exactly 2.0 ml. of bis-(trimethylsily1)- 
acetamide reagent was added; the flask was stoppered and heated 
on a steam bath for 20-30 min. with frequent agitation. The solution 
was cooled and 1.00 ml. of internal standard solution (containing 
10 mg. of n-octacosane) was added. The entire mixture was quanti- 
tatively transferred into a 10-ml. volumetric flask with the aid of n- 
hexane and diluted to volume with n-hexane. 


Standard Calibration and Sample Analysis-Chromatographic 
preruns of several 5-pL injections of working standard solution was 
carried out in order to condition the column to determine the 
instrument sensitivity and the peak retention times. 


Five-microliter volumes of the working standard and sample 
solutions, equivalent to  approximately 5 mcg. of d-biotin, were 
alternately injected into the instrument using the aforementioned 
conditions. After the elution of the n-octacosane peak, the instru- 
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Figure 1-Standard chromatogram showing relatifie rerention times 
of biotin TMS deriuatiue and internal standard. Key: A, solurnt; 
B, biotin TMS; and C, n-octacosane. 


ment was ready for another injection. Duplicate samples and 
standards were chromatographed and the respective areas deter- 
mined from the integrator trace. 


Calculations-Response Factor for Biotin (RFB)- 


where AB = peak area of biotin in the working standard, Ao = 
peak area of n-octacosane in the working standard, Co = mg. of 
n-octacosane per ml. of working standard, and CB = mg. of biotin 
per ml. of working standard. 


Concentration of Biotin- 


= mg. biotinig. (ml.) AB(sP~) X Co X 10 
Ao (spl) X RFB X spl taken (g. or ml.) 


where A is area, C is concentration, and RFB is the response factor 
for biotin; 10 = dilution factor. 


RESULTS AND DISCUSSION 


Hexamethyldisilazane and trimethylchlorosilane in the ratio of 
2:1 was found unsuitable for the silylation of biotin, while bis- 
(trimethylsily1)acetamide reagent was found satisfactory for com- 
plete and rapid silylation. This behavior was also reported by 
Horning (7). The selection of diatomaceous earth (Gas Chrom G), 
AWjHMDS treated, was arbitrary and any support properly 


Table I-d-Biotin Premix Recovery Data 


Amount Experimentally 
Sample Present, Found, 


No. mg./g. mg./g. Recovery, 


1 10.00 10.05 100.5 
2 11.05 10.85 98.2 
3 12.05 12.02 99.8 
4 13.05 13.25 101.5 


1 
2 
3 
4 


10.00 10.05 100.5 
11.05 10.85 98.2 
12.05 12.02 99.8 
13.05 13.25 101.5 
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Table n-Replicate Recoveries of d-Biotin Table 111-Comparative Analyses of d-Biotin in Premix 


Run 
No. 


Premix, Injectable, 
mg./g. Founda mg./ml. Foundb 


Gas-Liquid 
Sample Chromatog- Colorimetric 


No. raphy Microbiological (8) 
1 
2 
3 


10.37 
10.27 
9.87 


0.532 
0.543 
0.547 


1 9 .5  11.7 9 . 2  
2 11.1 11.6 10.8 


4 
5 
6 
Mean 
U 
rs: 95 % 


10.23 
10.58 
10.64 


0.567 
0.556 
0.573 


3 
4 


10.9 11.9 10.4 
10.9 10.4 10.2 
10.1 10.9 10.2 
10.2 10.0 9.2 


5 
6 
7 


10.33 
zk0.28 


0.553 
h0.015 
1 0 . 0 4 0  


10.8 10.4 10.8 
8 10.4 10.3 10.5 
9 10.7 11.2 10.7 


* Label claim: 10 mg./g. * Results in mg./g. 


1 0 . 7 1  


a Label claim: 10 mg./g. Label claim: 0.500 mg./rnl. 


silanized may be suitable for good peak symmetry and quantitative 
recovery. Results obtained using either copper tubing or stainless 
steel tubing were equivalent. d-Biotin forms a TMS derivative when 
the carboxyl group exists in the acidic form. The sodium salt of 
d-biotin did not yield a TMS derivative. Therefore, it is assumed that 
reaction takes place at the carboxyl group to form the biotin silyl 
ester. The reaction apparent in the derivatization can then take the 
following form: 


Linearity data for d-biotin-TMS ester versus n-octacosane as the 
internal standard are shown in Fig. 2. The minimum detectable level 
for the d-biotin-TMS ester was approximately 0.3 mcg. at range 10, 
1X. The recovery of known amounts of d-biotin added to a sample 
premix is given in Table I. 


Initially, 5a-cholestane was chosen as the internal standard. How- 
ever, it had a specific retention time of approximately 28 min. In 
order to reduce the chromatographic time, n-octacosane (Czs hydro- 
carbon), which had a specific retention time of approximately 19 
min. under the prescribed conditions, was preferable. In addition, 
the latter proved more economical. 


Six replicates of a premix containing 10 mg. of biotin per gram 
showed a mean of 10.33 with a relative standard deviation from the 
mean of Zt0.28. The precision (ts:957J was Zt0.71 (Table 11). 


Six replicates of a sample of injectable containing 0.500 mg. of d- 
biotin per milliliter showed a mean of 0.553 mg. with a relative 
standard deviation from the mean of ~t0.015. The precision (fs: 
95 %) was zkO.040 (Table 11). 


Table I11 shows the results of analyses of nine samples of d-biotin 
premix by the described GLC method compared to the microbio- 
logical assay and to the colorimetric procedure previously reported 
(8). 


Investigation is still being carried out on the application of this 
procedure towards the determination of d-biotin, present in micro- 
gram levels, in multivitamin preparations. In these preparations, as 
well as certain types of premixes, additional suitable isolation tech- 
niques may be required in order to remove interfering components. 


0 
" II OTMS 


biotin 
0 
I1 


biotin silyl ester 


Since the derivatization was shown to occur at the carboxyl center, 
concentrated hydrochloric acid was added to the parenteral sample 
prior to derivatization because the d-biotin present in the parenteral 
preparation is in a water-soluble salt form. 


SUMMARY 


A rapid and specific GLC technique has been developed for the 
detection and determination of d-biotin. The method involves the 
preparation of the TMS ester, addition of n-octacosane as an in- 
ternal standard, and analysis employing a hydrogen-flame ionization 
detector. Conditions are outlined for the determination of d-biotin 
in premixes and in parenteral preparations. 
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Mechanism of Dimethyl Sulfoxide-Induced Hemolysis 


WILLIAM P. NORRED, HOWARD C. ANSEL, IVAN L. ROTH*, and JAMES J. PEIFERt 


Abstract A study has been made of the possible mechanism by 
which dimethyl sulfoxide induces hemolysis of rabbit erythrocytes 
in uitro. Erythrocytes were shown by spectral analysis to remove 
dimethyl sulfoxide from aqueous solution and to resist the agent’s 
release upon washing. Electron microscopy revealed the increased 
formation of lesions in the erythrocyte membrane with increasing 
concentrations of dimethyl sulfoxide. Dimethyl sulfoxide was also 
shown to be increasingly capable of removing fatty acids from the 
erythrocyte membrane with an increase in concentration. Results of 
the study indicate that dimethyl sulfoxide is capable of causing the 
hemolysis of erythrocytes by virtue of its affinity for the erythrocyte 
membrane and the disruption of its integrity, in part due to its lipid 
solvency action. 


Keyphrases 0 Erythrocyte hemolysis-dimethyl sulfoxide in- 
duced 0 Mechanismdimethyl sulfoxide-induced hemolysis 0 
Dimethyl sulfoxide retention-erythrocytes Fatty acid removal, 
erythrocytes-dimethyl sulfoxide 0 Electron microscopy- 
erythrocyte lesion determination 0 UV spectrophotometry-anal- 
ysis 


Although dimethyl sulfoxide (DMSO) was first 
synthesized in 1867 (I), it has only recently become the 
object of intensive scientific investigation. Used for 
years by the chemical industry as a solvent, the com- 
pound became of special interest to biologists after it 
was found to have a wide range of solvent action for 
chemicals employed in various laboratory procedures 
(2-7). DMSO was subsequently utilized investigationally 
as the solvent for poorly soluble drugs to be employed 
parenterally in the clinical treatment of cancer and 
leprosy (8, 9). 


Much of the recent flourish of investigation activity 
centered about DMSO has been prompted by reports 
of the agent’s apparent great ability to traverse biologic 
membranes and exert its pharmacologic activity (10-14), 
as well as to increase the degree and rate of penetration 
of other drugs across biologic membranes (15-17). 


DMSO has also received considerable attention con- 
cerning its ability to serve effectively as a cryophylactic 
agent in the preservation of various body organs, tissues, 
and cells (7, 17-35), including red blood cells (31-35). 


One difficulty concerning the use of DMSO as a 
cryophylactic agent in the preservation of blood for 
transfusion has been its nature to permeate the erythro- 
cyte along with the subsequent difficulty experienced 


in its removal from the blood preparative to transfusion 
(32, 34, 35). Cellular destruction, resulting in hemolysis, 
commonly accompanies attempts to rid the cells of 
DMSO by washing (25, 36). 


The hemolytic activity of DMSO, in vitro and in viuo, 
has been noted in reports from this (36) and from other 
laboratories (25, 37, 38). It was the purpose of the 
present work to investigate the mechanism by which 
DMSO exerts its hemolytic effects against the erythro- 
cyte. 


EXPERlMENTAL. 


Materials-The DMSO employed in this investigation was 
reagent grade and was obtained commercially. 


Blood Samples-In previously reported studies the hemolytic 
activity of DMSO against human and rabbit erythrocytes was 
quite comparable (36, 37). This was verified in preliminary experi- 
ments to  the present work using blood obtained from the forearm 
veins of several Caucasian donors, 20-25 years of age, and from 
rabbits by cardiac puncture. For convenience, rabbit blood was 
employed throughout this study. Fresh blood was obtained im- 
mediately prior to each experiment and defibrinated by gentle 
swirling with glass beads for approximately 5 min. The defibrinated 
blood was then transferred by decantation to a clean container and 
employed in the following procedures. 


Absorption of DMSO by Red Blood Cells-To assess the ca- 
pabilities of DMSO to enter and/or bind with the erythrocyte, red 
blood cells were incubated with solutions of DMSO, and any altera- 
tion in the absorbance of the original DMSO test solution was 
determined spectrophotometrically. 


Erythrocytes were separated from the defibrinated blood sample 
by centrifugation and decantation. Then the cells were washed five 
times with normal saline solution and reconstituted to the original 
blood volume. This cell suspension was then employed to  prepare 
test samples containing volumes of erythrocytes ranging in con- 
centration from 0.06 to 0.48%, with 0.004% DMSO in normal 
saline. The suspensions were allowed to incubate for 30 min. at 
37”, after which time the cells were settled by centrifugation at 
13,500Xg for 15 min. The supernatant was then examined spec- 
trophotometrically with a Beckman DU for its DMSO content, 
using a wavelength of 208 mp. The amounts found were compared 
t o  the amounts originally present in the test solutions, and the 
amounts absorbed determined by difference. 


Preparation of Erythrocyte Ghosts for Electron Microscopy- 
One percent suspensions of defibrinated blood were prepared in 
0.9% sodium chloride and varying proportions of DMSO, and 
incubated at 37“ for 45 min. Control suspensions of blood in 0.9 
sodium chloride were prepared and concurrently processed with the 
DMSO-containing suspensions. 
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After the incubation period, erythrocyte ghosts were prepared 
essentially by the procedure used by Hillier and Hoffman (39) in their 
study of the ultrastructure of the human and animal erythrocyte 
membrane. By this method, hemoglobin-free ghosts are prepared 
by subjecting the cells to a series of osmotic shocks by washing 
successively in sodium chloride solutions of decreasing tonicity. 
The present method differed from that of Hillier and Hoffman only 
in that the final wash was conducted with distilled water in the pres- 
ent instance rather than with saline of extremely low tonicity. 
Following each saline washing the cells were resuspended in a solu- 
tion of lower tonicity, centrifuged at 3500Xg for 5 min., until 
finally they were triple-washed with distilled water and resuspended 
t o  one-fourth of the volume of the original suspension of defibri- 
nated blood 


In mounting the ghosts for examination by electron microscopy, 
one drop of the aqueous suspension was placed on each of several 
collodion-coated copper grids of 200 mesh and allowed to remain 
undisturbed for approximately 5 min. Excess liquid was then drawn 
off the grid using absorbant paper, and the grid was allowed to dry 
overnight. 


It was found unnecessary to employ staining or shadowing pro- 
cedures. The grids were examined in an RCA EMU 2 electron 
microscopeoperating at a voltage of 50 kw. Micrographs were photo- 
graphically enlarged as noted. 


Fatty Acid Analysis-To determine the solvent character- 
istics of the various DMSO solutions on the erythrocyte 
membrane, an analysis was performed to establish the degree of 
fatty acid removal from the membrane. Ghosts were prepared from 
25 ml. of pooled defibrinated blood (Scheme I) by successive 
exposure to solutions of decreasing tonicity and resuspended 
in 25 ml. of distilled water. One milliliter of the ghost suspension 
was introduced into 24 ml. of each of the various DMSO 
test solutions. The samples were incubated 30 min. at 37", then 
centrifuged at 20,OOOXg for 20 min. to settle the ghosts. The 
supernatant was decanted and the ghosts were resuspended in 10 
ml. of 50% ethanol to inhibit enzyme activity Ethanol was also 
added to the supernatant to a concentration of 50%. The samples 
were saponified with 2 M KOH and the total fatty acids isolated 
with chloroform. The fatty acids were converted to  methyl esters 
using BF3-reagent and procedures described by Metcalfe and 
Schmitz (40). Quantitation of total fatty acids was based on addition 
of behenic acid (22:O) as an internal standard and gas-liquid 
chromatography analysis of the methyl esters using a Packard model 
845 instrument equipped with dual hydrogen flame detectors and 
techniques previously described (41). 
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Scheme I-Preparation of erythrocytes for fatty acid analysis 
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Figure I-Spectral absorbance of DMSO (0.004 %) in the presence 
of washed rabbit erythrocytes in 0.9 % NaCI. Data are the averages of 
three samples. 


RESULTS AND DISCUSSION 


Absorption of DMSO by Red Blood Cells-Ansel and L a k e  (36), 
reporting on the in uitro hemolysis of erythrocytes in the presence 
of DMSO, noted that without the presence of added saline, DMSO 
is incapable of maintaining the integrity of the erythrocytes, and 
hemolysis is total at all DMSO concentrations. To prevent osmotic 
hemolysis, the presence of an extracellular material to which the red 
blood cell membrane is impermeable is required. In the presence of 
0 6% sodium chloride the red blood cells are protected from hemoly- 
sis until the DMSO concentration is raised to above 25 %. At DMSO 
concentrations above 30% in the absence of saline and above 45 
in the presence of saline, the blood was denatured as observed by 
brown discoloration of blood cells and released hemoglobin and 
the flocculation of the cell components. 


The ability of erythrocytes to hold DMSO was examined in the 
present study by incubating previously washed erythrocytes in 0.9 
saline solutions containing a fixed quantity of DMSO, and com- 
paring the spectrophotometric absorbance for DMSO in the control 
sample (without cells) and in the supernatant of the various cell 
samples. In each of the experiments conducted, the spectral ab- 
sorbance of extracellular DMSO decreased with increased con- 
centration of cells present. Figure 1 represents one experiment which 
typifies the data obtained in this series. The data indicate that DMSO 
is removed from the extracellular medium and held by the erythro- 
cytes. This would tend to  support the experiences of others (25, 36) 
who have found the removal of DMSO from blood cells prior to 
transfusion so difficult. 


The hygroscopic nature of DMSO undoubtedly plays a role in its 
ability to  traverse biologic membranes and perhaps to affect the 
configuration of membrane proteins. DMSO has a strong affinity 
for water molecules, with a maximum hydration of DMSO in aque- 
ous solution being three water molecules per DMSO molecule (42). 
It has been suggested that the hydrogen bonds which exist between 
water and DMSO are stronger than the hydrogen bonds which exist 
between water molecules (43). Because of its comparatively small 
size, the DMSO molecule is thought to be capable of penetrating 
regions on certain protein subunit interfaces more readily than 
other bulkier solvents (44). 


Rammler and ZaEaroni (44) suggest that the ability of DMSO in 
high concentrations to cross rapidly the dermal protein barrier, 
whose conformational integrity is dependent upon bound water, is 
the result of reversible configuration changes of these proteins due 
to water substitution by DMSO. 


Since the principal component of the living cell is water, and the 
native form of biopolymers such as proteins, polysaccharides, and 
nucleic acids is surrounded by arrays of water molecules (the 
hydration sheath), these seem to suggest the manner in which DMSO 
gains entrance to the cell and is bound within (44). Substitution or 
removal of the hydration sheath would be expected to  alter the 
configuration of the biopolymers and consequently the cell or tissue. 
Since in many instances it has been found that the cells apparently 
so affected are not permanently altered, the reversible process could 
be envisaged as occurring either as diffusion or active transport of 
the major amount of DMSO from the tissue and the gradual removal 
of the protein-bound DMSO by competitive bonding with cellular 
water (44). 
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to the formed elements, the remainder being free. Denko et al. 
(46), using W-labeled DMSO and rat blood, found that DMSO 
radioactivity is associated predominantly with the serum albumin. 
They reported that the biologic half-life of DMSO-36S is prolonged 
by 25 % in hard tissues and thus may indicate some tissue binding. 


Huggins (31) reported on his observations of the interaction be- 
tween DMSO and human plasma proteins, noting that true de- 
naturation of plasma protein seems to occur at DMSO concentra- 
tions approximating 50 %. He stated that precipitation of protein 
by DMSO occurred with individual plasma fractions-albumin, 
fibrinogen, and gamma globulin-and appears to be a general 
effect rather than denaturation of a specific plasma component. 
DMSO has also been reported to be a good solvent for a number 
of proteins (47). 


DiStefano and Klahn (38) concluded that DMSO probably exerts 
its hemolytic effect by direct action on the blood cells, although they 
hesitated to suggest a mechanism for this action. 


It is likely that part of the means by which DMSO is capable of 
acting as a hemolytic agent is its initial ability to gain entrance into 
the red blood cell (due to its hygroscopicity and small size) and its 
affinity for proteins, resulting in their disfiguration, denaturation, 
or dissolution, and thus a loss of cellular integrity. 


Electron Microscopy-An ultrastructural examination of the 
erythrocyte membrane was made following exposure to various 
DMSO concentrations. It is important to note that the particular 
cells photographed in each instance are representative of the general 
appearance of the field of cells examined. 


Figure 2 shows the control erythrocytes which were osmotically 
hemolyzed in the presence of hypotonic saline and then mounted 
on a collodion-coated copper grid. These cells are intact, with a fine 
granular appearance. This type of granularity has been noted by 
other investigators (39, 48, 49). Hillier and Hoffman (39) observed 
erythrocyte membranes at much higher magnification (X 100,OOO 
to X 200,OOO) and noted that the ganularity is due to  closely 
packed “cyjinders” approximately 30 A thick with a diameter of 
100 to 500 A. They termed these structures “plaques.” 


Figure 3 shows the appearance of erythrocytes exposed to 5 %  
DMSO and then osmotically hemolyzed. The membranes are in- 
tact and have the same general appearance as the osmotically 
hemolyzed control cells. Some of the cells show the presence of 


Figure 2-Erythrocyfe ghosts ( X  6900) hemolyzed by osmotic 
pressure. 


studying the metabolism and distribution of DMSO in man 
and in animals, Gerhards and Gibian (45) found that in human 
blood about 30% of DMSO is bound to plasma protein and 2 5 ~  


Figure 3-Erythrocyte ghosts ( X  7350) exposed to 5 %  DMSO in 
0.9% NaCI for 45 min. at 37“. 


Figure &Erythrocyte ghosts (X 6750) exposed to 20% DMSO 
in 0.9 % NaCI for 45 min. at 37”. 
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folds, which probably occurred as the saclike membane collapsed 
upon itself in attaching to the surface of the collodion membrane. 


Figure 4 shows cells after treatment with 20% DMSO, followed 
by osmotic hemolysis. Definite lesions in the membrane are visible, 
and more cell fragments are present than in the previous samples. 
The particles seen on the collodion membrane surrounding the 
ghosts are interesting. A possible explanation is that these particles 
are cellular plaques which have been removed from the membrane 
surface by the action of the DMSO. Hillier and Hoffman (39) noted 
a similar phenomenon when treating cells with a variety of lipid 
solvents such as alcohol-ether-chloroform. They suggested that 
the plaques themselves may be insoluble in the solvent, but are 
attached to an underlying fibrous membrane by some type of lipid. 
A lipid solvent may then remove the lipid component, releasing 
the plaques and thereby cause lesions in the membrane surface. 
Since the total lipid of the red cell lies mainly within the membrane 
(50), the solvency of DMSO toward lipoidal and nonlipoidal ma- 
terials (51) and the concepts of Hillier and Hoffman would seem to 
support the suggestion that the loss of the erythrocyte's integrity in 
the presence of DMSO is due to  the dissolution of one or more of 
the membrane components. Another possible mechanism for the 
disruptive influence of DMSO on the cell membrane has been 
hypothesized by Puig Muset and Martin-Esteve (52). They propose 
that DMSO might produce some change in the isomeric conforma- 
tion of cellular fatty acids, as oleic acid and linoleic acid, with a 
resulting alteration in the permeability barriers of the cell. 


Table I-Fatty Acid Content of Erythrocyte Ghosts 
Following Incubation with DMSO" 


-Fatty Acid Content- 
2 DMSO mcg. % of Total (Control) 


0 (Control) 
5 


10 
30 


646 100 (Standard) 
562 87.0 
478 74.0 
382 59.2 


a Each sample was incubated for 30 min. with the stated concentration 
of DMSO. 


Figure 5 shows erythrocytes after 3 0 z  DMSO treatment, fol- 
lowed by hemolysis. Gross disruption of the membrane has resulted. 
As could be expected, these cells were partially hemolyzed after 
incubation with the DMSO, even though the surrounding medium 
was isotonic with sodium chloride (36). 


When cells were treated with 40% and higher concentrations of 
DMSO, a brown flocculation was observed in the test tubes. The 
appearance of the cells is shown in Fig. 6. Hemoglobin could not be 
removed by introduction of the cells into solutions of decreasing 
tonicity, and in the micrograph appears to be outside the cells but 
coagulated. The diameter of the ghosts is smaller than the osmotic 
controls, and the general appearance is that of coagulation of mem- 
brane components, possibly due to an alteration in protein con- 
figuration. 


Fatty Acid Analysk-The lipid studies in this work were limited 
to the determination of total fatty acid removal from erythrocyte 
ghosts following incubation for 30 min. in various concentrations of 
DMSO. As can be seen in Table I, increasing amounts of fatty 
acids were removed from erythrocyte ghosts with increasing con- 
centrations of DMSO. Work now in progress will attempt to 
identify the specific fatty acids removed from the erythrocyte by 
DMSO and to quantitate the rate and extent of such removal. 
In conclusion, it appears as though the affinity of DMSO for the 


erythrocyte membrane and its lipid solvency contribute to the dis- 
ruption of the integrity of the erythrocyte, resulting in hemolysis, 
and at high concentrations, in denaturation. 
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Constituents from Gymnema sylvestre Leaves V: Isolation and 
Preliminary Characterization of the Gymnemic Acids 


JOSEPH E. SINSHEIMER, G .  SUBBA RAO*, and HUGH M. McILHENNYf 


Abstract 0 The objectives of this investigation were to isolate and 
characterize the constituents of gymnemic acid, the antisweet 
principle of Gymnemu syfwsestre leaves, and to make them available 
for further biological testing. Gymnemic acid was found to be a 
complex mixture of at least nine closely related acidic glycosides. 
Solvent extraction and chromatography of gymnemic acid resulted 
in the isolation of gymnemic acids A-D (the major constituents) 
and V in crystalline form. Acids A-D are glycosides which yield 
glucuronic acid on hydrolysis while acids C and D also yield 
glucose. The gymnemic acids isolated in this study are compared to 
those described in the literature. 


Keyphrases 0 Gymnema sylvestre leaves-constituents 0 Gym- 
nemic acids-isolation characterization 0 Column chromatog- 
raphy-separation 0 TLC-separation 0 Reverse phase chroma- 
tography-separation 0 IR spectrophotometry-glycosidic struc- 
ture 0 UV spectrophotometry-glycosidic structure 0 NMR 
spectroscopy-glycosidic structure 


While the unique property of the leaves of Gymnema 
sylvestre R. Br. (Asclepiadaceae) to inhibit temporarily 


the ability to taste sweet substances has been known in 
India since antiquity (1, 2), the first such report to be 
published in the Western literature appears to be that of 
Falconer (3) in 1847. Chemical investigations were 
initiated by Hooper (4, 5 )  who isolated the antisweet 
principle as an amorphous monobasic acid, C32H~i012, 
which he named gymnemic acid. Further, Hooper de- 
scribed gymnemic acid as a glycoside since it reduced 
Fehling's solution after treatment with dilute hydro- 
chloric acid. In 1892, Shore (6) reported a modified 
procedure to isolate gymnemic acid in white crystalline 
form and suggested the acid to be a derivative of anthra- 
cene. Several years later, Power and Tutin (7) isolated 
racemic glucose as its osazone from the leaves but were 
unable to detect any sugar after acidic hydrolysis of 
gymnemic acid. Upon potassium hydroxide fusion of 
gymnemic acid, Power and Tutin obtained acetic acid and 
a mixture of protocatechuic and p-hydroxybenzoic acids, 
while alkaline potassium permanganate oxidation 
afforded formic acid. 
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RESEARCH ARTICLES 


Preliminary Model for Methotrexate Pharmacokinetics 


K. B. BISCHOFF*, R. L. DEDRICK, and D. S. ZAHARKO 


Abstract 0 A pharmacokinetic model is presented to describe the 
distribution of methotrexate in mice, and the required physico- 
chemical, anatomical, and physiological data are discussed. The 
model is used to simulate methotrexate concentrations in plasma, 
lean tissue, liver, kidneys, and gastrointestinal tract following a 
single intravenous injection. Methotrexate is excreted in the urine 
and bile; partial reabsorption occurs in the gastrointestinal tract. 
Tissue-to-plasma distribution ratios were: muscle (0.15: 1); kidney 
(3: 1); liver (10: 1). Observed bile concentrations were 300 times 
those of plasma. 


Keyphrases Methotrexate pharmacokinetics-model 0 Dis- 
tribution, methotrexate-mice Tissue/plasma ratios-metho- 
trexate 0 Plasma protein binding-methotrexate 0 Pharmaco- 
kinetic equations-methotrexate absorption, distribution, excre- 
tion 0 Model, methotrexate distribution-one, two compartments 
plus gut lumen 


This paper presents the results of some first attempts 
to formulate mathematical models for the distribution 
of the cancer chemotherapeutic agent methotrexate 
(MTX) in mammals. It begins with a short discussion of 
why and how such pharmacokinetic models can be of 
practical use as well as enhancing insight and apprecia- 
tion of relevant physiological phenomena. 


One important application of the models can be to  
aid in the evaluation of screening tests. Most cancer 
chemotherapeutic agents (as well as many other drugs) 
are initially screened by a series of experimental evalua- 
tions using mice. Normally, only the gross success or 
failure of the drug to combat tumors is considered. The 
actual sequence of events, however, can be divided into 
two major aspects: first, the spatial and temporal 
physical distribution of the drug within the body and, 
second, the physiological (therapeutic and toxic) effects 
at discrete tissue loci. The latter, of course, is the crucial 
issue, but until local concentrations for known time 
intervals throughout the body are defined, reliable 
correlations between drug distribution and drug effect 
cannot be established. Thus the distribution information 
is required to  more fully appreciate the problems of 
drug evaluation. 


If initial screening tests are successful, trials in other 
animal species, eventually leading to man, are per- 
formed. Many relevant interspecies differences are 
associated with chemical phenomena-such as metabo- 
lism, binding, and membrane transport. Physical 
aspects, such as organ sizes and intracorporeal fluid flow 
rates, also vary among species. These facts suggest a 
scale-up approach based on maximum use of physiologi- 
cal, anatomical, and physicochemical information. A 
reliable quantitative model based on physiology can 


serve as a useful framework for designing experiments 
and evaluating results. 


Such a model with appropriate scale-up information 
may significantly enhance success in the ultimate appli- 
cation in the clinic. Concentration history may be pre- 
dictable at any site as a function of dose schedule and 
route of administration. This information, coupled with 
knowledge of drug concentration and exposure time 
necessary for maximum tumor toxicity, should provide 
a rational basis for optimization of dosage regimens. 
This can be critical for cancer chemotherapeutic agents 
because of the rather narrow range between effective 
and toxic doses. 


RATIONALE AND GENERAL FEATURES OF MODELS 


Before discussing the details of the experiments and models for 
MTX, a few brief statements will be made concerning pharmaco- 
kinetic models. The approach used here has been extensively dis- 
cussed and illustrated elsewhere: Bischoff and Brown ( l ) ,  Bischoff 
(2), Dedrick and Bischoff (3), and Bischoff and Dedrick (4;. Mass 
transfer models are based on “lumping” body regions, with similar 
physicochemical properties, into discrete compartments. Volumes, 
flows, and other properties will all have independently verifiable 
anatomical significance. The use of parameters obtained from ex- 
periments other than the one being modeled is important, since 
it can lead to generally applicable a priori predictions. Further, the 
model leads to insight concerning some of the physiological 
mechanisms. 


One broad assumption used in developing the model, that offfow- 
limited conditions, deserves mention here. This assumption, com- 
monly used in pharmacokinetics, implies that the blood leaving a 
tissue is in diffusion equilibrium with the tissue, i.e., the free (not 
protein bound) concentrations of blood and tissue are the same. 
This assumption requires that membrane permeability is sufficiently 
larger than the perfusion rate so that the latter is rate control- 
ling. A mathematical criterion for this was given by Dedrick and 
Bischoff (3) and it was shown that the assumption was valid for 
certain barbiturates. MTX is not particularly lipid soluble and has 
a molecular weight of 454; thus, its permeability is probably some- 
what lower than the barbiturates. Since there seem to be no numer- 
ical values available, the work will be done with flow-limited models, 
bearing in mind, however, that modifications may be necessary to 
account for finite permeabilities. 


EXPERIMENTAL INVESTIGATIONS 


The data discussed here are preliminary in nature from the first 
of a series of experiments. Only one dose level, 3 mg./kg., is con- 
sidered. This dose is in the range of clinical therapeutic values 
[Henderson, Adamson, Denham, and Oliverio (5, 6)]. Other 
levels will be used in future work. Figure 1 shows the data points 
from several experiments. The points at any one time represent 
the distribution of methotrexate (MTX), 3’,5‘-tritium labeled in 
one mouse (CDF-1 male) which is injected i.v. and then sacrificed 
for tritium analysis of the various tissues. Thus these data rep- 
resent many mice, which would tend to add variability. 


Several features of Fig. I will be briefly described as an aid in 
developing models. The implied curves contain certain typical 
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Figure 1-Distribution of MTX in mice .following pulse injection in 
tail oein. 


features, e.g., immediately following injection there is a short time 
period of rapid drop in plasma concentration followed by a period 
of slower rate of decrease. One difference from many drugs, how- 
ever, is the magnitude of the initial drop. Since Henderson e f  a/ .  
( 5 ,  6 )  have shown that MTX is not appreciably metabolized in 
mice, this concentration drop results from rapid localization in 
tissues and excretion. The data points for the small intestine rapidly 
increase at the outset, which indicates the significant role of the 
biliary route, as has also been indicated by Henderson et a / .  ( 5 ,  
6). In fact, 1-2 hr. postinjection, the gut concentration is 
about 100 times the plasma concentration. From chemical analysis 
in addition to the radioactivity counting, it appears that the MTX 
is not conjugated or metabolized in the enterohepatic cycling ( 5 )  in 
contrast to most drugs. The liver here acts differently than with 
many drugs in that even with its high perfusion rate, several minutes 
are required to attain maximum concentration. This effect is prob- 
ably also influenced by biliary clearance and bile formation in the 
liver. 


After a sufficient length of time, all of the curves level asymp- 
totically, suggesting (but not proving) a zero-order absorption from 
the gut. The tissue/plasma ratios also vary substantially: muscle/ 
plasma -0.15 : 1 ; liver/plasma -10 : 1 ,  kidney/plasma -3 : 1 .  
These are some of the major characteristics that a successful model 
must predict. 


An essential step in the synthesis of meaningful models is the 
definition of reliable physical parameters. One obvious set in- 
cludes the organ weights and flows. The former were obtained from 
the previously described experiments. The relevant flows are more 
difficult to obtain, but the model developed here does not require 
an extensive set. Renal clearance was obtained by comparing in- 
tegrated plasma concentration data with cumulative urinary ex- 
cretion. The value was found to be somewhat less than an estimate 
of inulin clearance based on the literature (7). Little is known about 
quantitative biliary clearances. These were estimated by separate 
experiments with anesthetized mice in which the bile duct was can- 
nulated and the flow rate and concentrations directly measured. 
An estimate of the time delay between injection and appearance of 
MTX in the bile was also noted. 


The data in Fig. 1, together with results published by Henderson 
et al. (5,6), indicate that gut absorption of MTX may be a zero- 
order process, in some concentration ranges, presumably caused by 
saturation of a transport mechanism. The saturation point in 
humans seems to lie between doses of 0.1-1.0 mg./kg., which is less 


than our experimental level. An experiment was performed where a 
known amount of MTX was injected directly into the duodenum 
and determinations made of the fraction remaining after specific 
time intervals. Much more experimental work will be required to 
describe the gut absorption adequately. For the present, zero-order 
kinetics will be used. Finally, the binding of MTX was evaluated. 
Plasma protein binding was about 25% and could be correlated 
with a linear isotherm. Tissue binding is much more difficult to 
obtain. Separate steady infusion experiments were performed, and 
the results for the muscle/plasma distribution ratio agreed with 
that obtained during the kinetic study. 


Such separate experiments serve independently to determine or 
verify most of the model parameters so that generalized a priori 
predictions can be attempted. 


MODEL EQUATIONS 


Based on the above considerations, the general equations as 
presented in Dedrick and Bischoff (3) can be considerably sim- 
plified. The muscle compartment will be considered to illustrate 
details. Equations for other compartments are derived similarly. 
The mass balance accounting for both free and bound drug is: 


- QdfBCM + ( 1  - fB)xMB] (Eq. 1) 


where the terms are defined in the Nonzenclafure Section at the end 
of the paper. The right-hand side of Eq. 1 represents inflow and 
outflow of free and bound drug. The left-hand side gives a com- 
plete accounting for the accumulation of (a) free drug in actual 
tissue and equilibrium blood in the total tissue [as defined by 
Mapleson (S)]; (6 )  bound drug in the equilibrium blood; and (c )  
bound drug in the actual tissue. 


Now with the assumption of linear binding and using effective 
protein fractions to account for the different levels of binding (see 
References 3, 4), 


~p = BCp, X h f B  = BCM, X M T  = BCM (Eq. 2) 


Eq. ( 1 ) becomes 


To simplify the equations, define 


With a similar treatment for the other compartments, the full set of 
equations becomes (refer to Fig. 2 ) :  


4 ~ f ' p d ; -  - Mg(t )  + QL#&L + Q K ~ B C K  


6 B  ZGZ [ f B  + B(1 - fB)], '$MT E [ h X T  f B(1 - J $ T ) ]  


dCP - 


+ Q.&aC.w - Q,QBC, (Eq. 4) 


+ koU(t - DL) (Eq. 8) 


Q p  = QM + QK + ( Q L  - Qd + Qe 0%. 9) 
Also, a balance on the gut lumen, assuming again a lumped com- 
partment gives, 


@!kL = kLCLU(t - DL) - koU(t - DL) dr 
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The bile excretion term in Eq. 7 contains a time delay term, 
U(r - DL) ,  to approximate the bile formation and holding time. A 
continuous s-shaped function would be more realistic but would 
introduce additional mathematical complexity not considered im- 
portant to this preliminary work. The same time delay appears in 
the zero-order gut absorption term in Eq. 8 since absorption cannot 
occur before the bile appears from the liver. These time delays 
appear also in Eq. 10 for the gut lumen with an additional time 
delay in the feces removal term, U(t - DF),  representing the travel 
time down the small intestine. 


As discussed in detail in Bischoff and Dedrick (9) ,  with linear 
binding the above equations can be written in terms of total (free 
and bound) concentration in a simple form, with each parameter 
maintaining a well-defined physiological meaning. The concentra- 
tions actually measured in the laboratory were total wet tissue 
values, indicated by: 


CP’ = @BCD (Eq. 1 1 )  


The basis of these equations can be stated in words: 


{ [equilibrium blood] + [a%%k::el } amount in 


c.w’ = (total volume of equilibrium blood and tissue) 
- 
- ‘1 [blood)(volume of equilibrium blood) 


(free + bound concentration in equilibrium 1 
(free + bound concentration in actual (total volume) + Ctissue)(volume of actual tissue) I 1 i/ 


- - [ f B  + B(1 - d)]C.WV.TlB + [.fWT f B(1 - fMT)]CMVMT 
VJIB f VMT 


This then leads to Eq. 12. Similar reasoning was used for the other 
tissues. 


The equilibrium (tissue/plasma) ratios are indicated by: 


and similarly for RG and R I .  These distribution ratios permit the 
relation between total and free concentrations to be written in a 
simpler form: 


CM’ = ~ B R . W C M  (Eq. 18) 


and similarly for the others. If these relations are substituted into 
the mass balances, Eqs. 4-10, the final form is: 


C G ’  CL’ + QG (3; - x) - (-k) CL’U(t - DL) (Eq. 23) ~ B R L  


+ (“-) CL’L’(t - DL) (Eq. 24) QBRL 


kF. DF I 


Figure 2-compartmental model for MTX distribution. The bone 
marrow and a hypothetical tumor are indicated because these are 
regions of interest even though they would normally exert little in- 
fluence on systemic drug distribution kinetics. 


It should be again emphasized that all of the volume, flow, and other 
parameters in  these equations have well defined physiological 
meanings and are not derived by “curve fitting” to an arbitrary set 
of functions. 


This set of simultaneous linear differential equations could be 
solved analytically albeit with considerable algebraic complexity. 
Figure 1 shows that several of the regions are characterized by 
similarly shaped curves with different levels. These different levels 
can be accounted for by the distribution ratios, and thus it 
would appear that some of’ the equations could be combined by 
assuming that these tissues are essentially in physical distribution 
equilibrium. In particular, this is true of the highly perfused viscera, 
except for the liver which is complicated by the bile formation at 
short times. Similar behavior is found for other drugs-see Bis- 
choff and Dedrick (9).  The poorly perfused muscle tissue does not 
exactly follow the same pattern, particularly at short times, but 
since the muscle tissue is not of primary importance and also does 
not contain a large fraction of the drug, the simplifying equilibrium 
assumption will also be used. Using Eqs. 16-17, this means 


C.M’ = R.wCp’ (Eq. 25a) 


CK‘ = RxCp’ (Eq. 25b) 


CG’ = Roc,’ (Eq. 25c) 


and Eqs. 19-23 condense to: 


Vp’ dC, ’ = Q L  (- CL) - C,,’) - kx’cp’ + Mg(f )  (Eq. 26a) 
RL 


where 


Vp’ V, + R,wVM + RKVK + RGVG (Eq. 26b) 


and 


X U(t - DL) + koU(r - DL) (Eq. 27) 


Figure 3 is a diagram of the simplified model. A slight modification 
of the transport network, shifting the gut absorption term from the 
main body compartment to the liver compartment, is made to more 
closely correspond to actual anatomy. 
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These equations can be readily solved for all times, but for these 
initial studies, further simplification is useful. Figure 1 shows that 
for all but short times, the liver behavior is similar t o  that of plasma 
and other tissues. Thus, for the longer-time regime: 


CL’ = RLC,’ (Eq. 28) 


Eqs. 26,27, and 24 condense to  


V,“ (dT) = Mg(t) - kK’Cp‘ 


- kL’CprU(t - DL) + koU(t - DL)  (Eq. 2%) 


where 


V P ” =  Vp’ + RLVL (Eq. 29b) 


(d*) = -koU(t - DL) - kFMGLU(t - DF) 


+ kL’Cp’U(t - DL) (Eq. 30) 


Figure 4 is a diagram of this model. 


PARAMETER VALUES 


The parameter values for the models are summarized in Table I. 
Those directly measured are averages from several mice, and those 
from correlations are adjusted to the mean-size standard mouse of 
22 g. 


EQUATION SOLUTIONS AND RESULTS 


The various model equations are solved for sequential time steps. 
For 0 5 tl  5 DL,  the solutions to  Eqs. 26 and 27 with an  impulse 
i.v. injection, g(t)  = s(t) ,  and with zero initial conditions, C,,’ (0) = 
0, CL1’ (0) = 0,  MGL, (0) = 0,  are: 


Q L  ) e w  - ( .  + &) e.11 
(Eq. 31) ~- C,,’V,’ (rz + W L  RLVL - 


M r2 - r, 


MGL, 0 (Eq. 33) 


k F I  DF 


Table I-Model Parameters for 22-g. Mouse 


Parameter Value 


V P  
VG, Gut wall and contents 


VL 
RG, Intestine tissue 
RK 
RM 
RL 


VK 
V M  


R b i l e  
kK 
kL’ 
ko For 3 mg./kg. 


kF. Mean residence time-’ 


D L  
DF 


1 ml. 
1 . 5  g. 
0.34 g. 
-10 g. 
1 . 3  g. 
0 . 1 5 ,  Estimate 
3 
0.15 
10 
300 
0.26 ml./min: 
0.75-1 . 1 ml./min.* 
0.39 mcg./min. 


= 0.64z/min. 


min-1 i20-180 
= 7.5 x 10-3 
min.-‘ 


-2.5-5 min. 
-120-180 min. 


a Inulin clearance reported by Selkurt (13) per gram of rat kidney: 
(0.75 ml./min. g. kidney) (0.34 g. kidney) = 0.26 ml./min. b Biliary 
clearance bounds estimate by: (a)  maximum clearance = hepatic 
plasma, flow rate = (1.4 ml./min. ml. liver)* (1.3 g. liver) X (0.6 ml. 
plasma/ml. blood) = 1.1 ml./min.; (b )  minimum clearance = (bile flow 
rate)(MTX concentration ratio) = (2.5 rl./min.)(300) = 0.75 ml./min. * Bradley, Reference 13. 


where 


With the parameter values for a dose of 3 mg./kg., 


(Eq. 35) 
) (Eq. 36) 


C,,‘ = 4.57e-0.01411 + 26.6e-0.4QW1 
CLI)  = 54.9(e-0.01411 - e-0.49611 


For the next time period, DL I: tz 5 DF and with initial conditions 


Cp2‘ (0) = Cpl’ (DL),  C L ~ ‘  (0) = C L ~ ’  (DL), 
MQL (0) ‘v 0 and g(t)  = 0 


the solution to  Eqs. 29 and 30 are: 


3 Cp2’ = k + (CPl f (D~)  - e-(c/VP”)t2 (Eq. 37) 


where 


u = kK’ + kL‘ 


(Eq. 38) 


(Eq. 39) 


Again with the parameters for 3 mg./kg. 


CPz’ = 0.508 + 6.0e-0.077712 


and 


= -0.088t2 + 51.3 (1 - e-0.0777t9 (Eq. 40) (7;) 
Finally, for long times, t3 > DF, the data indicate in Fig. 5 that the 


plasma and tissue concentrations are essentially constant. These 
data are not highly accurate, however, since, as can be seen in the 
plots, they represent less than 1 of the dose. Thus the radioactivity 
measured could result from substances other than MTX, from 
irreversible binding, or other small deviations. Nevertheless, in this 
regime 


Figure &-Single-compartment model plus gut lumeti. (Eq. 41 k C,,’ ‘v -O 
U 
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Figure 5-Comparison between curves predicted by equations and 
obserceddata. 


and 


For 3 mg./kg. 


(Eq. 44) 


Comparison of the a priori predicted results with the data of Fig. 
1 is shown in Fig. 5 .  Eqs. 35 and 36 are used up to DL -5 min., 
Eqs. 39 and 40 to DF - 12@-180 min., and Eqs. 43 and 44 for the 
remaining time. On the whole, excellent agreement is obtained, but 
several comments are in order. For very short times, Eqs. 26 and 27 
depend upon essentially instantaneous equilibration between all 
parts of the body except for the liver. This results in the nearly verti- 
cal line from 100% dose/l ml. plasma to 31 % dose/3.2 ml. body, 
which is Cpl’ (0). 


The major discrepancy is the gut lumen predictions for t <60 rnin., 
where the predicted value is too high. Probably the main reason for 
this is the assumption of pure transport time delays which implies 
abrupt infusion of concentrated bile into the gut lumen at f = DL. 
As more data are obtained, a better model for biliary clearance 
should be possible. Another modification would be to use a plug 
flow model of the small intestine rather than the simple lumped 
compartment. This approach is now under consideration, and the 
authors also have some data on drug passage through the intestines. 
The liver curve between 5 and 30 min. does not completely parallel 
the plasma curve, and so Eq. 28 is not exactly correct early in the 
second time region. The full two-compartment equations will be 
used eventually. 


FUTURE WORK 


Based on these encouraging initial results, work is in progress to 
extend and verify the model in several directions. One is to consider 
other dose levels. Because of the linear nature of the mathematical 
model, the relative concentrations should remain the same except 
for possible changes in absorption or excretion mechanisms. For 
smaller doses, the saturated zero-order gut absorption should be- 
come first order if a simple Michaelis-Menten form is followed. 
Some work by Burgen and Goldberg (10) using direct perfusion 
methods indicate that this happens for folic acid, which is close in 
chemical structure to MTX. Both their data and results of Hender- 
son et al. (6)  suggest that such behavior might occur at dose levels 
of -0.1 mg./kg., which is much smaller than the 3 mg./kg. used here. 
This phenomenon merits careful investigation. Evidence by Guarino 
and Schanker (1 1 )  suggests that the bile excretion mechanism be- 
comes saturated at high doses. Additional information in this regard 
is required. Data by Borsa et al. (12) indicate that this may be true 
with MTX in mice. 


For some of these future studies, the simple form of the differen- 
tial equations will not suffice and analytical solutions may no longer 


be possible. The two-compartment model for short times will be 
utilized using numerical computation techniques to describe more 
accurately the very important action of the liver and biliary excretion. 
With more data concerning the latter process, the abrupt time-delay 
forms will probably also be modified to use a continuous sigmoid 
rather than a step function-this could also be readily handled with 
the computer solutions. 


Finally, the fundamental issues of scale-up will be emphasized. 
Some data on rats are now available, and an attempt will also be 
made to directly apply the model to these data as well as to pub- 
lished human clinical data. 


NOMENCLATURE 


B = binding constant, dimensionless 
C = free concentration, mcg./ml. 
C‘ = total concentration, mcg./ml., Eqs. 11-15 
D = delaytime,min. 
f = fraction water, dimensionless 
g( t )  = injection function, min.-1 
k = clearance, ml./min. 
k‘ = clearance based on total concentration in plasma, ml./min. 
ke  = gut absorption rate, mcg./min. 
M = amount of drug, mcg. 
Q = flow rate, ml./min. 
r(;) = defined in Eqs. 34a and b 
R = equilibrium tissue/plasma ratio, dimensionless 
t = time,min. 
U = time delay function, dimensionless 
V = volume of compartment, ml. 
V’ = defined by Eq. 26b, ml. 
V“ = defined by Eq. 296, ml. 
x = bound concentration, mcg./ml. 
4 = defined below Eq. 3, dimensionless 
u = defined below Eq. 37, ml./min. = kK’ + kL’ 


B =  
F =  
G =  
CB = 
GL = 
CT = 
K =  
KB = 
KT = 
L =  
LB = 
LT = 
M =  
MB = 
MT = 
P =  
1 , 2 , 3  = 


SUBSCRIPTS 


blood 
feces 
gut 
gut equilibrium blood 
gut lumen 
gut equilibrium tissue 
kidney 
kidney equilibrium blood 
kidney equilibrium tissue 
liver 
liver equilibrium blood 
liver equilibrium tissue 
muscle 
muscle equilibrium blood 
muscle equilibrium tissue 
plasma 
three time periods of integration: 0 5 tl 5 DL; D L  5 tz  
DF; t 3  > DF 
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Intestinal Drug Absorption and Metabolism I: Comparison of 
Methods and Models to Study Physiological Factors 
of In Vitro and In Vivo Intestinal 


WILLIAM H. BARR* and SIDNEY RIEGELMANT 


Absorption 


Abstract 0 Two experimental methods for use in kinetic studies on a 
compartment model for intestinal metabolism and absorption 
were evaluated. The in oitro cannulated everted intestinal sac and 
the in ciuo intestinal loop with complete mesenteric venous collec- 
tion were compared in the same region of rabbit intestine. 
These experimental methods were used to study the effects of metab- 
olism, tissue accumulation, and blood flow on the transport of sali- 
cylamide across the basal barrier and provide experimental evi- 
dence to support the cell compartment model. At lower initial 
mucosal concentration M ) ,  over 6Oz of the drug appearing 
in mesenteric blood is conjugated with glucuronic acid. At higher 
initial mucosal fluid concentrations, glucuronide conjugation appears 
to be capacity limited and the disappearance from the lumen-curve 
shows a distinct distributive phase characteristic of a cell compart- 
ment model. The rate of transport of free drug across the basal bar- 
rier is blood flow rate-limited while the transport of glucuronide is 
essentially independent of blood flow. Appearance of free salicyl- 
amide into mesenteric blood, in oiuo, shows a lag time of 4 min. 
compared to  a lag time of about 10 min. for the appearance of free 
drug into serosal fluid in oirro. The steady state rate of appearance 
of free drug into the plasma (in uioo) is five to  ten times greater than 
the rate of appearance of free drug into the serosal fluid (in citro) at 
similar mucosal concentrations. The in uiuo intestinal loop with 
complete venous collection was found to have many advantages in 
studying physiological factors of intestinal drug absorption. 


Keyphrases 0 Drug absorption-intestinal 0 Everted intestine- 
drug absorption,in c i t ron  Intestinal loop, cannulated4rug absorp- 
tion, in cioo 0 Salicylamide-absorption, accumulation, metabo- 
lism c] Glucuronic acid-salicylamide conjugation-concentration 
effect 0 Fluorometry-analysis 


From the standpoint of a drug administered orally to  
produce a systemic effect, intestinal absorption can be 
considered as the amount of unchanged drug absorbed 
from the intestinal lumen which appears in the portal 
circulation or intestinal lymph. Using this definition, 
the amount of drug disappearing from the lumen con- 
tents is sufficient to characterize the absorption process 
only if it reflects the rate of appearance of unaltered 
drug in the blood. If one accepts the above definition, 


then it becomes quite important to  evaluate critically 
the widely used (1 )  practice of assessing absorption by 
monitoring only the rate of disappearance of drug from 
the lumen. The condition that the rate of disappearance 
of free (unaltered) drug from the lumen contents is 
identical to the rate of appearance of free drug in the 
mesenteric blood is implicit in the classical lipoid barrier 
model of intestinal absorption which assumes that the 
intestinal tissue is a single barrier which does not con- 
tribute to the material balance of the system.’ When 
accumulation or metabolism of drug occurs in the 
intestinal tissue, these rates may not be identical and a 
tissue compartment model for absorption is considered 
here as a more appropriate model to describe the entire 
absorption sequence. 


The studies described in this report were designed 
to compare in vivo and in citro experimental methods 
and mathematical models that might be useful in 
studying the effect of physiological factors, such as ac- 
cumulation and metabolism of drug in the intestinal 
tissue and intestinal blood flow, on the appearance of 
free drug into mesenteric blood. 


The general multiple barrier tissue compartment 
model that will be used to describe these physiological 
variables in in viuo and in citro preparations is shown in 
Fig. 1 .  This catenary three-compartment model assumes 
that the intestinal tissue can be described as a homo- 
geneous compartment, which is separated from the 
lumen compartment by an apical barrier (a)  and from 
the terminal blood or serosal fluid compartment by a 


’In compartment theory, a barrier may be defined as that rate- 
limiting step between two compartments which distinguishes these 
compartments by the fact that the rate of distribution within each 
compartment is sufficiently rapid, compared to the rate of transport 
across the barrier, that each compartment may be described by a sep- 
arate volume of distribution. The barrier is considered to be only a 
rate-limiting step of negligible volume which does not contribute to 
or alter the material balance of the system. See, for example, the dis- 
cussion on the concept of a barrier by Riggs (Reference 32, p. 188) 
and the concept of a compartment being represented as a volume by 
Resign0 and Segre (Reference 31, p. 16). 
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TECHNICAL ARTICLES 


Formulation and Computation of Compartment Models 


CARL F. EVERT and MICHAEL J. RANDALL 


Abstract 0 In the formulation of compartment models for de- 
scribing biological phenomena, two separate approaches have 
usually been employed for isotope dilution systems and systems for 
which no tracers are introduced. In the former, steady state is 
assumed to exist and small perturbations are introduced for solution 
of the system. In the latter, sets of simultaneous differential equa- 
tions are solved for the complete time course of the drug kinetic 
system. For linear systems which can be described by first-order 
kinetics, it is shown that the isotope dilution problem can be cast 
into the more general approach of simultaneous linear differential 
equations and the restriction of steady state removed. Solutions to 
these equations are shown to be easily obtainable using the state- 
space approach. For systems in which linearity cannot be assumed, 
digital computer techniques are presented which greatly facilitate 
numerical solutions. These concepts are demonstrated with two 
examples. A third example shows how these concepts and others 
can be employed with isotope dilution to find the initial pool sizes 
and rate constants in a six-compartment system. 


Keyphrases 0 Models, compartment-formulation, computation 
0 Theoretical considerations4ata fitting, models 0 Kinetic 
equations-first-order model system 0 Computer program4ata  
fitting, models 


The use of mathematical descriptions called models 
that seek to capture the essence of biological phenomena 
has been emerging over the last 20 years. These 
concepts have been widely reported in the literature from 
a general and theoretical point of view, as well as in 
relation to specific applications. Most frequently, some 
form of dynamic behavior has been of concern so that 
the areas of pharmacokinetics and radioactive tracers 
have been the major contributors of applications. From 
these sources two points of view have arisen. One is 
concerned with the dynamics of a system described by a 
set of differential equations and seeks to evaluate the 
time course of the substance as a steady state is ap- 
proached. The other presumes that steady state exists 
and that small perturbations about this value are in- 
troduced in order to  evaluate flow rates, dilution, etc. 
These two points of view have placed emphasis on 
different variables, and the formulation of the descrip- 
tions of the system behavior in terms of these different 
variables has given the appearance of different computa- 
tional requirements. It will be shown for first-order 
systems that these differences are superficial and that 
new advances in computer algorithms and computing 
languages now provide conveniences not generally 
recognized or utilized in biological modeling. 


COMPUTATION FOR COMPARTMENT MODELS 


The observable behavior of the distribution, absorption, or 
elimination of drugs has led to the concept that a biological system 


can be treated as if there were boundaries called “compartments” 
which separate the system into parts and that the drug or other 
material is transferred from one compartment to another in con- 
formance with first-order kinetics. This assumes that the rate of 
change of material is proportional to the amount of material that is 
present in the compartment. The application of Fick‘s law in the 
case of diffusion can lead to similar sets of linear first-order differ- 
ential equations. Although the assumption of first-order kinetics, 
linearity, and rate coefficients that are constants is clearly a gross 
approximation of a complex biological phenomenon, the approach 
has proved beneficial in numerous instances when it is utilized with 
discretion and understanding. The assumptions are so widely ac- 
cepted that one textbook (1) states: “Most drugs disappear from 
the body in this fashion.” 


The use of mathematical models as an aid to the better under- 
standing of biological phenomena requires that some form of com- 
putation be executed. While there have been advances from time to 
time in the conceptual features of modeling, little attention seems to 
have been paid to keeping the computational procedures up-to-date 
and to making the techniques more attractive to the biological 
researchers who could take advantage of modeling as a tool. Basic 
to a dynamic model is the solution of a set of differential equations. 
This job has been variously relegated to the analog computer or the 
digital computer. The work that has been assigned to the digital 
computer has been that of solving the equations by the techniques of 
numerical integration, the computation of statistical parameters, or 
perhaps some curve fitting. Most laboratories seem to have devel- 
oped their own libraries of programs associated with modeling and, 
except for utilizing some common language such as FORTRAN,they 
appear to have overlooked the availability of general-purpose pro- 
grams such as CSMP (Continuous System Modeling Program) (2). 
It is hoped that this paper will suggest some new approaches to 
meeting the computational requirements of modeling and thus re- 
duce the effort required in the utilization of models for biological 
systems. 


The recent emergence of the ideas of organizing the description of 
systems characterized by sets of first-order differential equations 
under the heading of “state space” has fostered the development of 
algorithms (3) which provide analytical solutions. The user is not 
required to manipulate matrices or to use the Laplace transform. 
The algorithms may be programmed for digital computers and thus 
provide the proper analytical form and the associated coefficients in 
a more convenient fashion than most other methods. This is also 
the form most familiar to those applying compartment theory, and 
the approach should therefore have appeal to anyone interested in 
biological dynamics. The use of the state-space formulation of the 
equations has the added advantages that it identifies the basic as- 
sumptions of linearity and clarifies the use of superposition. The 
state-space method yields solutions in functional form which gives 
the opportunity of locating maxima by differentiation and permits 
comparisons in terms of time constants. When comparing the func- 
tional solutions with experimental data points, one need only evaluate 
the function at the specific points in question. All other points need 
not be computed. An analog computer or numerical integration tech- 
nique would continuously evaluate the complete range of the soh- 
tion. There is the disadvantage, however, that when the system pa- 
rameters are altered, an entirely new state-space solution must be 
executed, but corresponding disadvantages are present in obtaining 
the solutions of numerical integration procedures. Thus there are 
trade-offs in the computational aspects of modeling, and it is desir- 
able to have alternative techniques available so that one may select 
the tool that is most appropriate for the requirements. An analog 
computer run generates a continuous solution in the desired range. 
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The analog computer is convenient for use in matching models to  
data when the number of parameters to be changed is small, say 
five or less. However, to evaluate a single point, the analog computer 
must compute a continuous solution at least to the desired point. 
Digital programs such as CSMP to be illustrated here have been 
written to simulate the operation of the analog computer. They are 
in fact conveniently packaged numerical integration routines with 
the ability to be interspersed with FORTRAN statements. With this 
program, one may run successive cases and make decisions auto- 
matically at the end of each case for purposes of optimization or 
curve fitting. Good initial estimates of system parameters will re- 
duce the number of successive runs required. These analog simula- 
tors usually incorporate nonlinear components and thus provide a 
convenient way of solving nonlinear differential equations without 
special programming. Here again the solutions are in the form of 
tables of values or digitally plotted curves rather than explicit func- 
tions of the independent parameter. Evaluation of specific data 
points requires computation of all previous points. As a means of 
illustrating the use of CSMP and later the state-space approach, a 
problem which has been published (4) in a nonlinear formulation 
requiring extensive special programming will be reviewed. However, 
the ramifications of the method go far beyond this particular ap- 
plication. 


The usual problem in drug dynamics seeks to evaluate the time 
course of the amount of drug in the various compartments of in- 
terest. The initial conditions are usually assumed to be zero except 
in the compartment into which the drug is introduced. The resulting 
formulation is a dynamic system with the drug being distributed 
among the compartments and perhaps being eliminated from the 
system at several points. The conditions of steady state may not be 
of particular interest because steady state could be the condition in 
which all the drug has been cleared from the system. The length of 
time for the system to reach steady state may be prohibitively long 
for clinical verification. The point of interest may well be the early 
rates of the dynamic behavior, and there may be little concern with 
the final conditions of steady state. 


In the case of the mathematical description of phenomena in 
which radioactive tracers are of interest, the emphasis has been on 
the small variations from an existing steady state. In fact an effort 
is made not to disturb the steady state appreciably. This concept of 
steady state in a biological system does not mean that there is no 
exchange of material among the compartments, but rather that the 
amount transferred into a compartment in a given unit of time is 
exactly the same as the amount which leaves the compartment in 
the given unit of time. Thus there can be a flow of material in the 
system, and the point of interest is in establishing the flow rates 
or pool sizes through dilution measurements. Radioactive tracers are 
suited to this task because they are not distinguishable by the body 
from the parent substance. Tracers may be injected in small enough 
quantities so as not to upset the equilibrium conditions and yet in 
sufficient amount so as to be measurable. The usual measurement is 
that of specific activity. Therefore, it was a natural approach to 
formulate the description in these well-known terms. The equations 
have been published (4) before and are of the general form: 


j+ i  


where a, = specific activity, p i j  = flow constant, and Si = com- 
partment size (amount of parent substance). 


This formulation is most convenient when the conditions of 
steady state are met. However, when one wishes to investigate the 
behavior in nonsteady state, it requires that the equations be viewed 
as having time-varying coefficients. A solution which leads to a form 
of the generalized Riccati-type equation can be found in the refer- 
ence given. The solution was re-presented by Rescigno and Segre 
( 5 ) .  The system solved in these references was a three-compartment 
closed system. The flow constants were assumed fixed with the ex- 
ception of one which was specified as a function of time, 


The general form of these equations can be derived from the 
equations that describe the same system with first-order kinetics (see 
Appendix I ) .  The specific activity parameter is introduced by defining 
specific activity as a = R/S,  differentiating and substituting for the 
derivatives of R and S in the equations. Here R is the amount of 
radioactivity and S is the amount of parent substance. If S is as- 
sumed to be constant, it can be associated with the first-order rate 


constant to give a new coefficient p.  However, if S changes with time 
and the newcoefficients p are specified as constants, as in the example 
referred to, one is forced to allow the normally fixed-rate constant 
to vary. It is not clear what physical reality was intended to be 
represented in the example problem. Nevertheless, assume that a 
problem of this form is to be solved and its biological justification 
has been established. For the three-compartment closed system the 
equations for nonsteady state, when written in terms of specific 
activity, take the form: 


where S, = amount of parent substance, a, = specific activity, and 
p i j  = flow coefficients. 


If some of the p's are functions of time, it is necessary to carry out 
the simultaneous solution of these six differential equations. Any 
suitable numerical integration algorithm may be used. However, the 
Continuous System Modeling Program is typical of the family of 
similar programs available for such solutions. The program shown 
in Appendix 2 is all that is required to solve this problem. Problems 
of much greater complexity can be solved in the same fashion and 
require a minimum of effort or programming skill. 


The formulation of the three-compartment closed system, when 
applied to a system with first-order kinetics, really Falls into the 
more usual category of the nonsteady-state linear systems. Since in 
such systems the theorem of superposition is applicable, one may 
solve the equations for the behavior of the parent substance S ,  
followed by the solution for the activity R. The division of the curve 
for R by that for S gives a curve of specific activity as a function of 
time. No assumption of steady state need be made in the formula- 
tion. The origins of the two curves which are to be divided may be 
offset relative to each other. That is to say, the system may be ini- 
tially loaded with the unlabeled species so that all compartments 
have initial conditions or finite pool sizes at the time the radioactive 
tracer is introduced. In fact there may be little interest in how the 
system got to the condition which prevailed at the time of the 
introduction of the tracer. The subsequent values of specific activity 
are the important considerations. A complete example of a two- 
compartment closed model is carried out in the state-space form in 
Appendix 3. Note that the solution is in the form of a function of 
exponential terms. If the rate constants are known, they can be 
combined into numerical coefficients. Computer solutions of the 
state-space matrix A ,  of course, require numerical values. 


It commonly occurs that the rate constants of the system are not 
known and that an experiment must be conducted to evaluate these 
constants. Many papers have treated the problem of curve fitting of 
assumed functions or the iterative searching for unknown parani- 
eters. One of the basic uses of the tracer method is that of establish- 
ing pool size through the technique of introducing tracers and then 
computing the pool size from the dilution indicated by the specific 
activity. This is easily done in a single compartment or more com- 
plicated system, if the rate constants are known or where extensive 
measurements can be made. Unfortunately, in many systems some 
rate constants may be unknown or certain internal compartments 
are not accessible for measurement. The accompanying model con- 
sidered in Appendix 4 is one in which it was desired to establish the 
pool size existing at the time of the introduction of the tracer and 
none of the rate constants was known. The approach was one that 
could be of benefit in most drug metabolism studies. A model was 
established based on the best judgment of what might be appropriate 
and an analytical solution was derived. The state-space numerical 
solution would have yielded the final exponential form if rate con- 
stant values were given. Nevertheless, here it was desirable to identify 
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the terms of each coefficient comprising the final solution form, and 
a complete derivation was made. The derivation developed showed 
that it would be possible to determine the desired quantities from 
clinical test data. Then to demonstrate that the procedure was feasi- 
ble, a simulation of the model using assumed parameters was run 
and data were taken on the model which corresponded to the clin- 
ical data expected from the actual experiment. Then from these data 
the pool size and rate constants were evaluated and shown to agree 
with the assumed values. One, of course, is not assured that the 
model is a unique representation of the biological phenomena, but 
if the experimental data indicates that the model is acceptable, then 
the parameters can be evaluated. Thus, in this fashion one can be 
assured that an experiment is feasible and that it will yield the de- 
sired parameters. Additional knowledge was gained regarding the 
requirements for data collection in the clinical experiment, the sen- 
sitivity of the parameters in the model was determined, and the 
general level of confidence regarding the experiment was raised. 


While there is no completely general approach to this kind of 
modeling, this example utilizes relationships that might be over- 
looked in some situations. Rate constants were separated, based on 
the final value of the compartment measurements, and the use of a 
derivative of the analytical form of the solution yielded a transcen- 
dental equation that gave the sum of two rate constants. The fortui- 
tous circumstances inherent in this model were that there was an 
output compartment directly linked to the input compartment and 
the fact that the parent drug could be assayed as well as the specific 
activity measured. 


CONCLUSIONS 


These considerations have shown that it is not necessary to formu- 
late the tracer kinetics for systems governed by first-order linear 
differential equations in the form of nonlinear equations in order to 
evaluate the nonsteady-state behavior in terms of specific activity. 
The solutions may be obtained routinely through the use of the state- 
space formulation for the separate evaluations of the parent sub- 
stance and the radioactive tracer, followed by a division of the curves 
or data points if specific activity is desired. Furthermore, if the case 
for nonlinear formulation of nonsteady-state conditions is justified 
on some biological grounds, the solution can be conveniently ob- 
tained through the use of a continuous system modeling program 
such as CSMP which provides a numerical integration algorithm 
and suitable selection of nonlinear elements. The model in Appendix 
4 ,  chosen to exhibit the procedures mentioned above, also exhibited 
other important features. Through the use of final value and curve 
fitting or solution of transcendental equations, the initial pool size 
was evaluated in a model of three internal compartments. The usual 
model in which dilution techniques are used through the measure- 
ment of specific activity to evaluate pool size consists of a single 
internal compartment linked to an external excretory compartment. 
An interesting problem exists in the extension of this approach to 
more complex systems. 


It is to be noted that the formalism of postulating a model, as- 
suming parameters, and executing trial runs to produce simulated 
clinical data, followed by the use of the data to check the previously 
assumed parameters, provides an assurance that the entire process 
is well defined. In this fashion the requirements for data collection 
and processing may be set forth well in advance of the clinical phase 
of the experimentation. 


APPENDIX 1 


For an n-compartment, closed, first-order system, one can write 


or 


I # %  


where K,, is the rate constant with units hours-’ for the transfer of 
substances S from compartment j to compartment i. S, is the total 
amount of substance in compartment i with units of moles. 


= 0.5 


p j ,  = 1.0 pi2 = 1.0 


Scheme I-Three-compartment system. 


One can write similar equations for the activity Ri of compartment 
i since the body will process labeled and unlabeled material in like 
manner. R has units of counts per minute. 


ei = 5 K t j R j  - Kj,Ri i = 1 , 2 , .  . . , n  
dt j,= 1 


3 f i  


Specific activity ai of compartment i is defined as 


Differentiating, 


Substituting for the derivatives of Ri and Si results in 


Sj- da. = K , j S j ( ~ j  - a,) 
dt 3 = 1  


j#i 


If one defines p i j  = KijSj as a flow variable with variability due to 
S j  and not the rate constant Kij, 


If steady-state conditions exist, all S’s will be constant and p be- 
comes a constant. 


APPENDIX 2 


For the system in Scheme I with the substances Si at steady state, 
it is desired to find the specific activities a; of each compartment after 
injecting one unit of labeled material into Compartment 1 at t = 0. 
One cannot resort to known general solutions of linear differential 
equations (see Appendix 3) because the flow “constant” p23 = 1 - 
5t makes the differential equations which describe the system have 
time-varying coefficients. For the system in Scheme I ,  one can write 
for the specific activities: 
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where So is a constant column vector 


[%I 
of initial conditions. The matrix eAt is defined as DA 1 =(R 12*(A2 -A 1) + R13* (A3 - A  l))/S 1 


DA2= (R21*(A1- A2)+R23*(A3 - A2))/S2 
DA3 = (R3 l*(Al- A3)+R32*(A2- A3))/S3 
DSl=O. 
DS2=-  .5-5.*TIME 
DS3= .5+5.*TIME 


S1 =INTGRL(: 5 ,bSl ) ’  
S2 = INTGRL( . 2 ,  DS2) 
S3 = INTGRL( .3 ,  DS3) 


TIMEROUTDEL= .Ol,FINTIM= .2,DELT= .OOOl 
PRTPLT A1(0., 1 .  ,S1) 
PRTPLT A210.. 1 .  . S2) 
PRTPLT A ~ ( o .  1 . ; s3 j 
END 
STOP 


Figure 1-CSMPprogram. 


where pas is time varying. 
For the substance Si in each compartment the equations are: 


The six equations shown can be solved simultaneously in a straight- 
forward manner with numerical techniques by using a digital com- 
puter language such as CSMP which simulates an analog computer. 
The simple CSMP program required to solve the above equations is 
shown in Fig. 1. Integration is performed by using the CSMP func- 
tion “INTGRL(IC,X)”, where IC is the initial condition and X is the 
function to be integrated. The functions to be integrated such as 
dalldt, which is shown in DAl in Fig. 1 ,  are defined by FORTRAN 
IV statements and/or with other CSMP functions. Plots of functions 
may be called for as well as function values at discrete points. 
Results of the above example are shown in Figs. 2-4. It is important 
to note that the above approach makes solutions easily obtainable 
for a large class of problems. The assumption of steady state, for in- 
stance, could be removed and add little complexity to the CSMP 
program. 


APPENDIX 3 


Consider a two-compartment, closed, first-order system with in- 
itial conditions Sl(0) and &(O): 


As in Appendix I ,  one can write: 


or in matrix form 


which may be written as 


. f = A S  
These equations are in the form of the canonical state equations for 
which solutions are well known (3). The solution is 


= ,Atso 


where f is an n X It identitymatrix and K is an n X n constant matrix, 
which, for this example, are rate constants as in Eq. 2. 


All that is ngcessary for a complete analytical solution to Eq. 1 
is evaluating eA t. Several methods suited to computer implementa- 
tion exist in the literature (3), but the method of Laplace transforms 
will be used here for convenience. It can be shown (3) that e A t  is 
the inverse Laplace transform of the matrix 


[d - 4 - 1  


where s is the Laplace variable and 
write 


is the identity matrix. One can 


- Kzi s + - Ki21 Kiz [sl - A] = s 


Now, 


- 1 (S + K I Z )  Kl2 
4 s  + K I ~  + Kzi) 4s + KIZ + K d  [ KZI (S + KzJ 


[sl - 21-1 = 


S(S + Kiz + Kzi) ds + K12 + Kzi) 


by normal methods. Taking the inverse Laplace transform yields] 


~ - l ( [ s f  - 21-1) = ,At 


=p- I 


Thus the solutions for Eq. 2 can be written as 


or 


K1z  e- (K 1 2 + K d  t ]  
~ + KIZ + KZI KIZ + Kzi 


1 A matrix of the type 


r; !I 
is written as 


[ai :] 
because of format restrictions. 
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MINIMUM A1 VERSUS TIME MAXIMUM 
0.0 1.0000E 00 


MINIMUM 


TIME A2 I 
0 . 0  0.0 + 


0.0 
A2 


A3 MINIMUM 


TIME A3 I 
0.0 0.0 + 
1. oooOE-02 3.1908E-02 -+ 
2.0000E-02 6.11 43E-02 ---+ 
3.0000E-02 8.7954E-02 ----+ 
4. oooOE-02 1.1258E-01 -----+ + 5.0000E-02 1.3522E-01 - - - - - -  + 6. 0000E-02 1.5607E-01 - - - - - - - 


-t 7.0000E-02 1.7531E-01 - - - - - - - - + 8.0000E-02 1.9310E-01 - _ - - _ _ - - -  + 9.0000E-02 2.0959E-01 _ _ _ _ _ _ _ _ - _  + l.oooOE-01 2.2491E-01 - - _ - - - _ - - - -  + 1.1000E-01 2.3918E-01 - - _ _ _ - - - - - -  + 1 .2000E-01 2.5252E-01 _ _ _ _ _ _ _ _ - _ _ _  + 1 .3000E-01 2.6504E-01 _ _ _ _ _ _ _ _ - _ _ _  + 1.4000E-01 2.7684E-01 _ _ _ _ _ _ _ - - - _ _ _  + 1.5000E-01 2.8802E-01 - _ _ - - - - - - _ - _ _ -  + I 1.6000E-01 2.9868E-01 - _ _ _ _ _ - - - _ - _ _ _  + 1 .7OOOE-01 3.0893E-01 _ _ _ _ _ _ _ - - _ _ _ _ _ _  + 1 ,8000E-01 3.1891E-01 + 1.9MxIE-01 3.2883E-01 + 2. oooOE-01 3.3933E-01 - _ - - _ _ _ - - _ - _ - _ _ _  


0.0 


- _ - - - - - - - - - _ - - -  - _ _ _ _ _ _ _ - _ - _ _ _ _ _  


Figure 4-as(t) from CSMP program. 


51 
5.0000E-01 
5. oooOE-01 
5.oooOE-01 


5. 0000E-01 
5.oooOE-01 
5.0000E-01 
5.oooOE-01 
5. oooOE-01 
5.oooOE-01 
5. 0000E-01 
5.0000E-01 
5 . 0 E - 0 1  
5.oooOE-01 
5 .  oooOE-01 
5. oooOE-01 


5 .oooOE-01 
5, oooOE-01 
5. 0000E-01 
5.oooOE-01 


5. oooOE-01 


5. oooOE-01 


1 ,8899E-01 
1.8274E-01 
1.7599E-01 
1.6874E-01 


1.5273E-01 
1.4398E-01 
1.3473E-01 
1.2497E-01 
1.1472E-01 
1.0397E-01 


1 .6098E-01 


9.271 6E-02 . 


8.O964E-62 
6.871 1E-02 
5.5960E-02 
4.2710E-02 
2.8960E-02 
1 ,4709E-02 


-4.0663E-05 


VERSUS TIME MAXIMUM 
1.oooOE 00 


I 53 
3.oooOE-01 
3.0525E-01 
3.1099E-01 
3.1724E-01 
3.2399E-01 
3.3123E-01 
3.3898E-01 
3.4723E-01 
3.5598E-01 
31 6522E-01 
3.7497E-01 
3.8522E-01 
3.9596E-01 
4.0721E-01 
4.1896E-01 
4.3120E-01 
4.4395E-01 
4.5720E-01 
4.7095E-01 
4.8519E-03 
4.9994E-01 
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If one does not know Si(0) and Sz(0) but knows them at some 
time, ti, earlier [e.g., 100 mg. of substance was injected into Com- 
partment 1 with no initial substance in the system, then .SI(~I) = 100 
and SZ(t1) = 01, one can use the above solutions with different 
initial conditions and evaluate at the later time which has been 
defined as zero to obtain S1(0) and Ss(0). 


If labeled substance is now injected into the system at t = 0, it 
is possible to write for the activities, as in Appendi.v I ,  


= K12Rs - KZ1R1 dt 


dRz -;i7 = KZIRI - K12R2 


The solutions to the above follow in the same manner as for the 
unlabeled substance Sl, i.e., 


The above solutions could be obtained by other methods, but the 
state-space method has the advantage of being easily relegated to a 
computer. One can now obtain a complete analytical solution for 
the specific activities simply by dividing: 


and 


az = 


Note that the amount of radioactive drug injected must be added to 
Sl(0) and S2(0) since S is defined as the total amount of drug 
present. Also note that the second term in the numerator of the ui is 
zero if the labeled material is injected into Compartment 1 only, as 
is the usual case. 


APPENDIX 4 


In the following first-order compartment model each compartment 
contains an initial condition at time t = 0. Measurements are pos- 
sible for Compartments 4, 5,  and 6 only, and hence the initial con- 
ditions of Compartments 1, 2, and 3 are unknown. Also, all rate 
constants are unknown. It will be shown that all of the un- 
knowns may be uniquely determined by using the method of isotope 
dilution. 


K,, , 


One can write 


dsz = K21S1 - (K32 + KSZ)SZ dt 


The solutions to the above three equations are 
S1 = Sl(0)e-(Kzl+K41)t 


e - ( K  32fK6Z)  t + (Km - K32 - K52) (K41 + KZI - K32 - Ksz) 
e-(K4l+KZI)t 


(K63 - Ka - KZI) (Ka  + K32 - Ka - KZI)  


The above three equations describe the time dependency of mass. 
Suppose an amount of labeled material is injected into Compart- 


ment I at t = 0. One can write rate equations for the amount of 
activity in each compartment as: 


dt = - (K41 + KzJRI 


The solutions to the activity equations above are of the same form as 
the mass equation solutions except that no initial conditions of 
activity exist on any compartments except 1.  Thus the solutions are 


R1 = R1(0)e-(~21+K41)t 


Now if specific activity is defined as 
R 
S 


a = -  


one has for Compartment 1 
R1 R1(0) e-(K41fKz1)6 


S1 &(O) e- (K,I+Kzl ) t  
a l = - =  


which is a constant. K4& and K4]R1 can be measured so that 
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can be determined. Since RI(0) and al are known, 


which is one of the unknowns to be determined. Note that one must 
subtract that amount of labeled substance introduced from the 
above value. 
In addition it is possible now also to evaluate K41 from 


KaiSdO) 
Sl(0) 


K41 = -__ 


KZl may be determined from a curve fitting of the K41S1 data with 
K41 as the only unknown. KZ1 could also be determined from the 
final values of Compartments 4,5, and 6, i.e., 


The sum (K32 + K j 2 )  can be found from a curve fit of the K52R2 data 
with the sum as the only unknown or by solving a transcendental 
equation derived as 


(Ka2 + Ka2) e-(K32+K~z)t) 


at the time T,,, Ks2R2 reaches its maximum and (dKezRZ/dr) = 0. 
Thus 


(K41 + KZ1) e-(Ka~fKz~)Trn = (Ks2 + K62) e-(x32+K62)Tm 


which is a transcendental equation which must be solved iteratively. 
All terms are known except the sum (K32 + K5$. 


The sum (Kr2 + Kan) may now be split into its parts by making use 
of the relationship 


&2 Sdm) - 
Kaz ss( m >  


and thus K5* and Ksz are determined explicitly. One can now deter- 


mine the unknown initial conditions, SZ(0). It is possible to measure 


Ks2S2 = K&?2(0)e-(K32+K52)[ + 


and thus at f = 0 one can be sure he is measuring Kj2S2(0) alone. 
Since KS2 is known, 


Only two unknowns remain for the system, S,(O) and KC3. can be 
found with a curve fit of the measured KmR3 data with K s ~  as the 
only unknown, or one can solve another transcendental equation 
derived in a manner similar to the first. 


From the K& data at t = 0, one can find K6&(0) in the same 
manner as Ks2S2(0) and hence 


Thus all unknowns have been uniquely determined. Two methods 
of evaluating several of the unknowns are possible and can be used 
as a check. 
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Constituents from Gymnema sylvestre Leaves V: Isolation and 
Preliminary Characterization of the Gymnemic Acids 


JOSEPH E. SINSHEIMER, G .  SUBBA RAO*, and HUGH M. McILHENNYf 


Abstract 0 The objectives of this investigation were to isolate and 
characterize the constituents of gymnemic acid, the antisweet 
principle of Gymnemu syfwsestre leaves, and to make them available 
for further biological testing. Gymnemic acid was found to be a 
complex mixture of at least nine closely related acidic glycosides. 
Solvent extraction and chromatography of gymnemic acid resulted 
in the isolation of gymnemic acids A-D (the major constituents) 
and V in crystalline form. Acids A-D are glycosides which yield 
glucuronic acid on hydrolysis while acids C and D also yield 
glucose. The gymnemic acids isolated in this study are compared to 
those described in the literature. 


Keyphrases 0 Gymnema sylvestre leaves-constituents 0 Gym- 
nemic acids-isolation characterization 0 Column chromatog- 
raphy-separation 0 TLC-separation 0 Reverse phase chroma- 
tography-separation 0 IR spectrophotometry-glycosidic struc- 
ture 0 UV spectrophotometry-glycosidic structure 0 NMR 
spectroscopy-glycosidic structure 


While the unique property of the leaves of Gymnema 
sylvestre R. Br. (Asclepiadaceae) to inhibit temporarily 


the ability to taste sweet substances has been known in 
India since antiquity (1, 2), the first such report to be 
published in the Western literature appears to be that of 
Falconer (3) in 1847. Chemical investigations were 
initiated by Hooper (4, 5 )  who isolated the antisweet 
principle as an amorphous monobasic acid, C32H~i012, 
which he named gymnemic acid. Further, Hooper de- 
scribed gymnemic acid as a glycoside since it reduced 
Fehling's solution after treatment with dilute hydro- 
chloric acid. In 1892, Shore (6) reported a modified 
procedure to isolate gymnemic acid in white crystalline 
form and suggested the acid to be a derivative of anthra- 
cene. Several years later, Power and Tutin (7) isolated 
racemic glucose as its osazone from the leaves but were 
unable to detect any sugar after acidic hydrolysis of 
gymnemic acid. Upon potassium hydroxide fusion of 
gymnemic acid, Power and Tutin obtained acetic acid and 
a mixture of protocatechuic and p-hydroxybenzoic acids, 
while alkaline potassium permanganate oxidation 
afforded formic acid. 
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In 1958, Khastgir et al. (8) reinvestigated Hooper's 
gymnemic acid but failed to obtain a crystalline product 
even after silicic-acid chromatography. However, the 
following year Warren and Pfaffmann (9) isolated the 
antisweet principle in crystalline form, m.p. 199" 
(dec.) and, subsequently, Pfaffmann (10) reported 
the detection of glucose, arabinose, and glucuronolac- 
tone upon acidic hydrolysis of gymnemic acid. Recently 
Yackzan ( 1  I ,  12), while studying the biological effects of 
G. sylvestre fractions, carried out limited chemical work 
on gymnemic acid and indicated the presence of hy- 
droxyl and carboxyl groups and one or more glycosidic 
linkages. Yackzan also assigned a molecular weight of 
about 600 for gymnemic acid based upon an ultra- 
centrifuge technique. 


Thus, at the beginning of the present investigation, 
knowledge regarding the chemical nature of gymnemic 
acid was scanty, and its antisweet activity was the only 
established biological property. However, during the 
course of this investigation, this situation has undergone 
considerable change. Cochran and Maassab (13) have 
observed significant antiviral activity for gymnemic acids 
made available from these laboratories. Also, Stocklin 
(14,15) has greatly advanced the chemistry of gymnemic 
acid. 


It is the purpose of this paper to  describe the isolation 
and preliminary characterization of the gymnemic acids. 
This is in support of potential interest in the antiviral 
field, continuing interest as antisweet compounds, and 
as a comparison to the acids and methods reported by 
Stocklin et al. (14). 


EXPERIMENTAL' 


Plant Material-Dry leaves of G. syluestre were purchased from 
Prachi Gobeson Co., Calcutta, India, and the Himalaya Drug Co., 
Bombay, India. Identification of the plant material was established 
through an examination of a flowering top specimen as reported in 
the previous investigation from these laboratories (16) and through 
its property of suppressing selectively the ability to taste sugar. 


Reagents-All common reagents and solvents utilized in this 
investigation were of analytical reagent grade. The following 
reagents were from the sources indicated: silica gel G (Warner- 
Chilcott Labs.); deuterium oxide, tetramethyl silane, silicic acid 
(100 mesh), ion-exchange resins (Rohm & Haas), IR 120 
(H+) and IRA 401 (Cl-) (Mallinckrodt); Woelm neutral 
alumina, activity grade 1 (Alupharm Chemicals) ; Teflon-6 (70/80 
mesh) (Analabs); Glucostat reagent (Worthington Biochemical 
Corp.) ; and D-glucuronolactone, D-glucuronic acid, D-glucose, and 
D-arabinose (Calbiochem). 


Thin-La yer Chromatography-Silica gel G TLC plates were pre- 
pared by coating five 20 X 20-cm. glass plates at a thickness of 
250 p with a slurry composed of 18 g. of adsorbent and 45 ml. of 
water. After air drying for 30 min. at room temperature (27"), plates 
were activated in an oven at 105" for 1 hr. prior to use. 


Activated TLC plates were scored into I-cm. channels before 
sample application. Sample size was usually 10-50 mcg. for purified 
compounds and lW250 mcg. for crude fractions. Chromatograms 


Melting points were taken on a Kofler hot stage and are uncor- 
rected. Spectra were recorded on Perkin-Elmer models 137B and 337 
infrared, Beckman DK-2A UV, and Varian A-60A NMR spectrom- 
eters. Microanalyses were performed by Spang Microanalytical 
Laboratory Ann Arbor, Mich. Extraction of the plant material was 
carried out'in a Pyrex glass (Corning 3885) side-chamber continuous 
extraction apparatus. Adjustments of pH were followed with a Beckman 
Zeromatic pH meter. Centrifugation was carried out with an Inter- 
national Centrifuge model. UV at about 2500 r.p.m. All concentrations 
and evaporations in this investigation were performed under reduced 
pressure at temperatures not exceeding 50" in either a Buchler Rotary 
Evapo-Mix (test tube model) or a Rinco flash evaporator. 


Table I-Thin-Layer Chromatography of the Gymnemic Acids 
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Gym- 
nemc I Ri Value in Solvent Systemb 
Acida I I1 111 IV v VI VII 


V 0.28 0.62 0.68 0.59 0.75 0.72 0.38 
W 0.25 0.49 0.63 0.28 0.55 0.36 0.32 
X 0.22 0.43 0.62 0.24 0.54 0.31 0.29 
A 0.20 0.35 0.60 0.18 0.51 0.28 0.27 
B 0.17 0.31 0.49 0.15 0.47 0.24 0.21 
Y 0.16 0.29 0.38 0.13 0.44 0.21 0.19 
2 0.13 0.17 0.36 0.12 0.43 0.19 0.18 
C 0.12 0.14 0.30 0.10 0.38 0.17 0.16 
D 0.09 0.10 0.25 0.09 0.35 0.14 0.12 


a Listed in the decreasing order of Rf values. b Solvent Systems: I, 
chloroform-formic acid-methanol (4:l :1) (aged for 3 hr. at 27"); 11, 
chloroform-acetic acid-methanol ( 5  : 1 : 1); 111, chloroform-formic acid- 
methanol-t-butanol (4: 1 : 1 : 1) (aged for 3 hr. at 27"); IV, isopropanol- 
ammonium hydroxide-chloroform-1-butanol ( 5  :2 : 1 : 1); V, isopro- 
panol-ammonium hydroxide-isoamyl alcohoI(3 :2 : 1); VI, isopropanol- 
ammonium hydroxide-diethyl carbonate-isoamyl alcohol-t-butanol 
(3 :2:2:1 :l); and VII (14), butyl formate-methyl ethyl ketone-formic 
acid-water ( 5  :3 : 1 : 1). 


were developed to a distance of 13-14 cm. by ascending technique. 
Developing tanks were lined with filter paper and were saturated 
with appropriate solvent mixture for at least 30 min. Solvent systems 
employed for the gymnemic acids are listed in Table I. Spray 
reagents used for visualizing components on chromatograms were: 
benzoyl chloride-sulfuric acid reagent (17), ceric sulfate-sulfuric 
acid reagent (15, 18), and modified Liebermann-Burchard reagent 
(19). 


Isolation of Crude Gymnemic Acid-Dry, powdered leaves of G. 
syluesfre (2@-280 g.) were wrapped in cheese cloth in bundles of 
about 40 g. each and were loosely packed in the side chamber of a 
continuous extractor. Initial defatting of leaves was carried out with 
4 1. of petroleum ether (b.p. 3 W W )  for 18 hr. This was followed by 
extraction with either water or 95% ethanol, 4 I., for a period of 
18 hr. The extracts were filtered and adjusted to pH 2 with 10% 
HCl to precipitate Hooper's gymnemic acid (4) in a yield of 3-4% 
of the dry leaves. These fractions were found to consist of at least 
nine components upon TLC in Solvent Systems I-VII. 


Warren and Pfaffmann's gymnemic acid (9), recrystallized three 
times from diethyl carbonate, was obtained as white microcrystals, 
m.p. 199-201 O (dec.) [lit. (9) m.p. 199" (dec.)]. This gymnemic acid 
sample gave two spots during TLC in Solvent System VII. 


Preliminary Separation of the Gymnemic Acids-Acetone Ex- 
traction: Silicic- Acid Chromatograpl?y-With the aid of a mechanical 
shaker, 51 g. of crude gymnemic acid mixture was extracted with 
175 ml. of acetone in a glass-stoppered 250-ml. conical flask for 48 
hr. The acetone extract was filtered and evaporated to dryness 
to yield 22.17 g. of acetone-soluble acids. No further investigation 
of the acetone-insoluble fraction was undertaken. 


The acetone-soluble fraction was chromatographed over 450 g. 
of silicic acid in a glass column (34 X 1200 mm.) prepared with the 
aid of chloroform. The acetone-soluble fraction, plated on 50 g. of 
silicic acid with the help of 200 ml. of methanol, was applied to the 
silicic acid column by the use of chloroform for transfers. Elution 
was commenced with chloroform at a flow rate of 16-17 ml./hr., 
while collecting one fraction of 400 ml./day. Polarity of the eluting 
solvent was gradually increased (as shown in Table 11) and all 
of the fractions collected were analyzed by TLC in Solvent 
System 111. 


Ethyl Acetate: Continuous Extraction Separation-In a glass 
mortar, 20 g. of crude gymnemic acid mixture was finely ground, 
dissolved in 200 ml. of methanol, and then plated on 100 g. of silicic 
acid. Two 50-g. portions of silicic acid plated material were first 
extracted with chloroform (1 I.) and then with ethyl acetate (1 l.), 
each for 18 hr. in two separate continuous extractors. 


The combined chloroform extract, upon evaporation to dryness, 
yielded 4.15 g. of a green residue which was found to contain only 
trace amounts of gymnemic acids upon TLC in Solvent System 111. 
However, removal of solvent from the pooled ethyl acetate extract 
gave 4.86 g. of a light-yellow residue which was observed to be rich 
in gymnemic acids A-D by TLC. This fraction was named "ethyl 
acetate acids." 


A 4.2-g. quantity of ethyl acetate acids was chromatographed on 
100 g. of silicic acid by means of a glass column (23 X 500 mm.). 
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Table II-Silicic-Acid Chromatography of Acetone-Soluble Acids 


Puritiedc 
Purifica- Gym- 


Fractions Gymnemic tion nemic 
(400 ml. Weight, Acids Pro- Acid Weight, 


Solvent each) g. Detected" cedureb Isolated g. 


Chloroform 
Ethyl acetate 


1-6 0.54 None 
1-2 0.09 Noned 
3-4 0.76 A,V,W,X (iii) A 0.15 


V 0.01 
W' 0.02 w 0.03 


5-12 3.05 A,B (9 A 2.40 
0.32 A 


B 0.04 
19-23 0.61 B,YZ (iii) B 0.04 


Y" 0.03 
Ze 0.02 


24-36 1.10 B,C,Y,Z 
37-49 0.47 C,D ,Y ,Z (i) C 0.02 


acetate (1 :100) 1-3 0.38 C,D,Y,Z (iii) C 0.03 
D 0.02 
Ye 0.01 
Ze 0.01 


acetate (5:100) 1-25 1.10 C,D,Y,Z (ii) D 0.04 


a Detection by TLC in Solvent System 111. b Purification procedures: (i), adsorption chromatography on deactivated silica gel; (ii), reverse phase 
partition chromatography on Teflon-6; (iii), preparative TLC. c Homogeneous by TLC in Solvent Systems I-VII. d Stearic acid isolated from these 
fractions. e Isolated as amorphous solid. 


13-18 0.89 A,B,Y (0  


Acetone-ethyl 


Acetone-ethyl 


The ethyl acetate fraction in 50 ml. of methanol was plated on 10 
g. of silicic acid prior to its application to the column. Development 
of the column was initiated by chloroform followed by solvents 
with increasing polarity (as shown in Table 111). Solvent flow rate 
was maintained at 10 ml./hr. and fractions (l/hr.) were collected by 
means of a fraction collector. All fractions collected were individu- 
ally analyzed by TLC in Solvent System 111. 


Ethanol Extraction MethodEthan01 (95 %) extraction of pe- 
troleum ether defatted leaves (105 g.) was performed as described 
under Isolation of Crude Gymnernic Acid. The filtered ethanol ex- 
tract was concentrated to about 1 l., and petroleum ether was added 
until no more precipitation occurred (2 1.). The precipitate was col- 
lected by centrifugation which, after drying, gave 11.25 g. of a dark- 
green residue (17.1 % of dry leaves). 


The residue in 100 ml. of ethanol was plated on 50 g. of 
silicic acid and the dry plated material was extracted in a continuous 
extractor, first with chloroform (2 1.) and then with ethyl acetate 
(2 l.), each for 18 hr. Evaporation of the ethyl acetate extract to dry- 
ness afforded 1.93 g. of a light-green residue (1.8% of dry leaves). 
The presence of gymnemic acids A-D in this ethyl acetate residue 
was confirmed by TLC in Solvent Systems 1-111, while similar TLC 
analysis of the original ethanol extract of leaves revealed it to con- 
tain gymnemic acids A-D and V-Z. 


PURIFICATION OF THE GYMNEMIC ACIDS 


Adsorption Chromatography on Deactivated Silica Gel-Samples 
of gymnemic acid mixtures (0.8 g. each) from the preliminary 
separation procedures rich in acids A, B, or C, as indicated in Tables 
I1 and 111, were individually chromatographed on 125 g. of de- 
activated silica gel (125 g. of silicic acid blended with 25 ml. of 
water) in glass columns2 (23 X 600 mm.). These columns were pre- 
pared with ethyl acetate, and gymnemic acid mixtures were applied 
after plating them on 1-g. quantities of deactivated silica gel with 
the help of 25-ml. portions of methanol. Columns were eluted with 
ethyl acetate at a flow rate of 10 ml./hr., and 250 fractions (5  ml. 
each) were collected in each case. All fractions were analyzed by 
TLC in Solvent System 111. 


Gymnernic Acid A-A total of 4.16 g. of gymnemic acid A was ob- 
tained by eight separate deactivated silica gel adsorption chromato- 
graphic separations. Acid A was found to be homogeneous by TLC 


*Columns with minimum hold-up volumes below packing and to 
the tip of the column were required to avoid remixing of separated 
components and to obtain desired resolution. 


in Solvent Systems I-VII. An analytical sample was prepared by 
four recrystallizations from ethyl acetate and was obtained as white 
microcrystals, m.p. 279-283" (dec.) [lit. (14) m.p. 285" (dec.)]; 
Amax, 201 mp (a 15.92); v:::. 3450 (intermolecular H-bonded, 
polymeric 0-H), 2990 (C-H), 1710 (C==O), 1640, 855, 
810 (trisubstituted C=C), 1384 (methyl of --O-COCH,), 1440 
(methylene of -CH,-O-COR), 1260 (H-bonded S H ) ,  1070, 
1045, (C-0 of C-OH), and 920 cm.? (P-pyranose ring vibration) 
(20). 


MeOH 


Anal.-Found: C, 63.78; H, 8.31. 
Gymnemic acid A was found to be identical to gymnemic acid 


A, isolated by Reichstein's group (14) by TLC in Solvent Systems 
I-VII and by IR spectroscopy. 


Gymnemic Acid B-Gymnemic acid B was isolated in a combined 
yield of 0.09 g. by deactivated silica gel chromatography of two 
separate fractions indicated in Tables I1 and 111. Acid B was ob- 
served to be homogeneous by TLC in Solvent Systems I-VII. When 
recrystallized three times from ethyl acetate, gymnemic acid B was 
obtained as white microcrystals, m.p. 2 B 2 2 5 "  (dec.); A:::" 
201 mp (a 15.42); v,":, 3450 (0-H), 2990 (C-H), 1710 ( G O ) ,  
1625 (trisubstituted C=C), 1450 (side-chain methylene), 1375 
(side-chain methyl), 1260 (H-bonded 0-H), 1080 and 1040 
cm.? ( C 4  of C-OH). 


Anal.-Found: C, 63.94; H, 8.53. 
Gymnernic Acid C-Two separate deactivated silica gel chromato- 


graphic separations of fractions described in Tables I1 and 111 gave 
a total of 0.05 g. of gymnemic acid C. Acid C was found to be 
homogeneous by TLC in Solvent Systems I-VII. After three re- 
crystallizations from ethyl acetate containing a few drops of metha- 
nol, acid C was obtained as white microcrystals, m.p. 215-220" 
(dec.); A:::" 201 mp (a 8.18); yz::. 3500 (0-H), 2980 (C-H), 
1710 (C=O), 1625 (trisubstituted C=C), 1440 (sidechain methy- 
lene), 1370 (side-chain methyl), 1250 (H-bonded 0-H), 1070 and 
1040 cm.-I (C-0 of C-OH). 


Anal.-Found: C, 57.22; H,  7.70. 
Reverse Phase Partition Chromatography on Teflon-6-Teflon-6 


(100 g.), which had been left at 0" overnight, was added to 100 ml. 
of the organic phase of a n-butanol-water-methano1(10:10:1) mix- 
ture cooled to 0". The uniform slurry formed by vigorous stirring 
was immediately transferred to a jacketed glass column2 main- 
tained at 17 f 0.5". The column was allowed to equilibrate by a 
flow of 100 ml. of the aqueous phase of the above solvent mixture 
at a rate of 20 ml./hr. 


The sample to be chromatographed (0.5-0.8 8.) was dissolved in 
a minimum amount of methanol and diluted to four times its 
volume with the aqueous phase of the solvent mixture. This sample 
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Table III-Silicic-Acid Chromatography of Ethyl Acetate Acids 


Purified0 
Purifica- Gym- 


Fractions Gymnemic tion nemic 
(10 ml. Weight, Acids Pro- Acid Weight, 


Solvent each) g. Detectedn cedurt? Isolated g. 


Ethyl acetate 1-5 0.08 None 
6-45 1.46 A ,B 


46-58 0.85 A.B.Y 
A 1 . 1 5  
A 0.29 , .  
B 0.05 


59-76 0.32 B,C,Y,Z 
77-91 0.79 C,D,Y,Z 6) C 0.02 


Acet one-ethyl 


Acetone 1-10 0.14 C,D,Y,Z 
acetate ( 1 : 100) 1-10 0.41 C,D,Y,Z (ii) D 0.04 


a Detection by TLC in Solvent System 111. 0 Purification procedures: (i). adsorption Chromatography on deactivated silica gel; (ii), reverse phase 
partition chromatography on Teflon-6. c Homogeneous by TLC in Solvent Systems I-VII. 


solution was then applied to the Teflon-6 column and developed 
with the aqueous phase of the solvent mixture. A flow rate of 10 
ml./hr. was maintained and 5-ml. fractions were collected with the 
aid of a fraction collector. Fractions were combined on the basis of 
TLC results in Solvent System 111. 


Gymnernic Acid D-Column RPC of the fractions rich in acid D 
from preliminary separation methods (see Tables I1 and 111) yielded 
a total of 0.08 g. of gymnemic acid D. Acid D was found to be 
homogeneous by TLC in Solvent Systems I-VII. Three recrystalliza- 
tions from ethyl acetate containing a few drops of methanol yielded 
acid D as white microcrystals, m.p. 210-220" (dec.); 
201 mp (a 9.69); v:::. 3440 (0-H), 2940 (C-H), 1715 (C==O), 
1620 (trisubstituted C==C), 1450 (side-chain methylene), 1380 (side- 
chain methyl), 1265 (H-bonded 0-H), 1070 and 1040 cm.-l 
(C-0 of C-OH). 


Aid-Found: C, 59.90; H, 8.00. 
Preparative Thin-Layer Chromatography-Preparative TLC 


plates3 were activated at 100" for 15 min. prior to use. With the help 
of a microcapillary, 130 mg. of gymnemic acid mixture in about 0.5 
ml. of methanol was applied as a streak at a distance of 2 cm. from 
the bottom of the plate. Chromatograms were developed in Solvent 
System I1 to a distance of 15 cm. Resolved components were located 
as dark bands against a fluorescent background. Separated bands 
were individually removed from the chromatograms by means of a 
razor blade and collected in separate 125-1111. conical flasks. To 
each flask, 50 ml. of ethyl acetatemethanol mixture (50:l) was 
added and allowed to stand at room temperature for 12 hr. with 
occasional shaking. Ethyl acetatemethanol extracts were then 
filtered through a fine sintered-glass funnel and solvents removed 
in uacuo. 


Gymnemic acids A-D, isolated by preparative TLC (14 chromato- 
grams) from the various fractions shown in Table 11, were found to 
be identical to those obtained by adsorption and partition chromato- 
graphic procedures. Yields of acids A-D secured by the preparative 
TLC method are shown in Table 11. 


Gymnernic Acid V-Gymnemic acid V was isolated in a combined 
yield of 0.01 g. from the fractions indicated in Table I1 by chroma- 
tography on six preparative TLC plates. Acid V was found to be 
homogeneous by TLC in Solvent Systems I-VII. Recrystallization 
from ethyl acetate gave acid V as white microcrystals, m.p. 310- 
312"; hEzH 201 mp (a 3.38); v:.": 3445 (O-H), 2945 (C-H), 
1720 (C=O), 1640 (trisubstituted C==C), 1460 (side-chain methy- 
lene), 1385 (side-chain methyl), 1265 (H-bonded 0-H), 1075 and 
1045 cm.-l (C-0 of C-OH). 


Anal.-Found: C, 68.94; H, 9.68. 
Gymnemic Acids W-2-Isolation of gymnemic acids W-Z was 


accomplished by preparative TLC of the various fractions described 
in Table 11; 14 plates were utilized. Acids W-Z were obtained as 
light-yellow, amorphous solids, and several recrystallizations from 
ethyl acetate-methanol failed to yield better products. However, 
acids W-Z were observed to  be homogeneous by TLC in Solvent 
Systems I-VII. Table I1 summarizes yields of gymnemic acids W-Z. 
No further investigation of these acids was carried out. 


3 E. Merck AG precoated silica gel GF254 plates (thickness 2 mm.). 


Isolation and Characterization of Stearic Acid-Evaporation of 
solvent from ethyl acetate fractions 1 and 2 obtained during 
silicic-acid chromatography of acetone-soluble gymnemic acids 
(Table 11) gave a yellow, oily residue (84.6 mg.) which upon four 
recrystallizations from methanol deposited 14.3 mg. of white 
crystals, m.p. 69-70"; v:::. 1700, 1300,940 (carboxylic acid dimer), 
eight evenly spaced bands between 1320 and 1190 (16 methylene 
groups in long-chain n-alkyl fatty acid) (21), 728 and 720 cm.? 
(methylene chain rocking). 


Anal.-Calcd. for C18Ha602: C, 75.99; H, 12.76. Found: C, 
75.52; H, 12.96. 


An 8-mg. sample of the isolated acid was treated with methanolic 
boron trifluoride (22), and the reaction product was recrystallized 
twice from ethanol to give white crystals of methyl ester, m.p. 
38-38.5 O ;  v:::. 1730 cm.-1 (ester carbonyl). 


The isolated acid and its methyl ester were identified as stearic 
acid and methyl stearate, respectively, upon comparision with 
reference compounds, undepressed mixed melting point, and super- 
imposable IR spectra being the criteria for identity. 


Identification of Gymnemic Acid Sugar-Thirty-milligram 
quantities of the gymnemic acids were refluxed with 4 ml. of 3 N 
ethanolic hydrochloric acid for 72 hr. The warm hydrolysates were 
treated with 5 mg. of activated ~harcoa l ,~  filtered, and concentrated 
to 3-ml. volumes in uucuo. The concentrates were then diluted to 30 
ml. with water to separate insoluble aglycone substances which were 
removed by centrifugation after 1 hr. of refrigeration. The super- 
natants, adjusted to pH 5-5.5 with 5 N sodium hydroxide, were 
evaporated to dryness, the residues extracted with 2.5 ml. of pyri- 
dine-water (4:1), and filtered from sodium chloride solids. The 
filtrates were evaporated to dryness and residues shaken with 10 
ml. of water. The yellow aqueous extracts were filtered onto columns 
containing 5 ml. of an anion-exchange resin.6 These columns were 
preconditioned with 10 volumes of 3 N hydrochloric acid and 
washed with water to neutrality prior to use. Column effluents and 25 
ml. of water washings were collected and applied to a second column 
containing 5 ml. of a strongly basic ion-exchange resin.6 Neutral 
sugar residues were recovered from the column effluents and 25 
ml. of additional water washings by evaporation to dryness. Elution 
of the basic ion-exchange resin columns with 25 ml. of 1 N hydro- 
chloric acid and evaporation of the effluents to dryness gave the 
acidic sugar fractions. Neutral and acidic sugar fractions were 
prepared as 2% solutions in 10% isopropanol in water for PC 
examination in System A (23), ethyl acetate-pyridine-water 
(12:5:4), and in System B (24), n-butanol-benzeneformicacid- 
water (100 : 19 : 10 : 25) (aged for 3 days at 27 "). Detection of sugars 
was carried out with silver nitrate, aniline diphenylamine, aniline 
phthalate (23), and modified aniline hydrogen phthalate (24) 
reagents. Sugars in hydrolysate fractions were identified by direct 
comparison to reference sugar samples and to reference sugar 


4 Norit, American Norit Co. 
6 Amberlite IR 120(H+), Rohm & Haas Co. 
6 Amberlite IRA 401(CO~-), prepared by converting 5 ml. of Am- 


berlite IRA 401(CI-) (Rohm & Haas Co.) to the carbonate form wlth 
50 ml. of 5 % sodium carbonate. 
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Dry, powdered leaves of G. sj,lcestre 
5.15 kg. total (20 separate extractions) 


pH 2 (10% HCL); precipitate 
centrifugcd, washed with 
water, dried 


pet. cthcr (30-60") 
(20 x 4 1.) 


acetone (175 ml.), 
with the aid of a 


plated on silicic 


extracted with 
acid (100 g.), 


. . .. . . . . . . 
mechanical shaker 


acctone insoluble marc chloroform 
acids (28.8 9. )  extract I cthvl 


acetone extract 


1 evap. 
I 


acetone soluble acids 
(22.17 9.) 


chromatographed 
on silicic acid 
(450 g.1 


(continued i n  Table 11) 


1acciat.C (2 1.) 
I 


ethyl acetate marc 
extract 


evap. 


ethyl acetate acids 
(4.86 9.) 


4.2-g. portion 
chromatographed 
on  silicic acid 
(100 g.) 


(continued in Table 111) 


Scheme I-Flow sheet for the isolation ofgymnemic acids 


samples which had been subjected to the ethanolysis procedure. 
Five-milligram quantities of the gymnemic acids were also 


hydrolyzed by the following procedure. 
The sample was suspended in 1 ml. of Kiliani mixture (acetic 


acid-water-hydrochloric acid, 35 :55 :lo) (25,26) and refluxed for 5 
hr. The residue obtained after evaporation of the reaction mixture 
was dissolved in 1 ml. of water and extracted with chloroform (3 
X 2.5 ml.). The aqueous layer was evaporated to dryness to give the 
sugar residue which was then chromatographed as described 
previously. 


Characterization of GlucuoNc Acid-The ethyl acetate acids 
fraction (3  9.) (Scheme I) was hydrolyzed and an acidic sugar 
fraction was isolated in a manner similar to  that described for the 
individual gymnemic acids (ethanolysis procedure). Methyl-0-D- 
glucofuranosidurono-y-lactone was prepared from both acidic 
sugar fraction and reference o-glucuronolactone by the following 
procedure. 


To 108 mg. of acidic sugar fraction in 4 ml. of methanol was added 
100 mg. of a cation-exchange resin.' The suspension was refluxed 
with stirring for 6 hr., clarified with 10 mg. of activated charcoal,4 
and filtered. The yellow filtrate was evaporated to dryness in uacuo 
and dried over anhydrous calcium sulfate to yield a yellow syrup 
(95 mg.). This syrup was plated on 0.75 g. of activated silica gels 
and chromatographed on a column (13 X 230 mm.) of activated 
silica gel (10 g.). Elution was carried out with 6 z  methanol in 
benzene. 


Fractions were monitored by silica gel G TLC with d e  
velopment by 20% methanol in benzene and detection with silver 
nitrate reagent (23). 


Fractions containing material of Rf 0.36 were combined to give 
18 mg. of a colorless syrup which was dried over anhydrous calcium 
sulfate under vacuum. The IR spectrum (neat) of this product 
exhibited an absorption band at 1790 cm.-l (y-lactone) and the 


7 Dowex 50(H+), Dow Chemical Co. 
*Silicic acid, 100 mesh (Mallinckrodt), was activated a t  105" for 24 


hr. 


spectrum was superimposable with that of reference methyl 
D-glucuronolactone. When 10.8 mg. of the product was seeded with 
a trace of reference crystalline methyl D-glucuronolactone, gradual 
crystallization occurred. Recrystallization of the product from 
ethanol yielded large prisms (3 mg.), m.p. 139". The melting point 
of the product was not depressed on admixture with reference 
methyl-fl-D-glucofuranosidurono-y-lactone and the NMR (DgO) 
spectra of the two samples were identical. 


RESULTS AND DISCUSSION 


Isolation of the Gymnemic Acids-Early in this investigation it 
became apparent that gymnemic acid described in the literature was 
a mixture of acidic glycosides. TLC of Hooper's (4) gymnemic acidD 
indicated the presence of at least nine components which were 
named10 gymnemic acids A-D and V-2. The R f  values of these 
nine gymnemic acids in seven TLC systems are listed in Table I. 
Gymnemic acid as described by Warren and Pfaffmann (9) with its 
established antisweet property was found by TLC analysis to consist 
of acids A and B, the former being the major constituent. Indications 
of antiviral activity were noted for the gymnemic acid fractions rich 
in acid A (13). 


Plant Extraction and Preliminary Separation-Based upon 
this information, attempts were made to secure gymnemic 
acid fractions rich in acid A. By following Hooper's (4) procedure, 
a crude gymnemic acid mixture was obtained from the aqueous 
extracts of petroleum ether-defatted G. syluestre leaves by precipita- 
tion with 10% hydrochloric acid. Preliminary separation of the 
gymnemic acids was achieved by (a )  acetone extraction: silicic-acid 
chromatography and (b) ethyl acetate : continuous extraction as sum- 
marized in Scheme I. A rapid and milder procedure involving direct 
ethanol extraction of defatted leaves and precipitation of the acidic 
glycosides with petroleum ether was also employed to confirm that 
previously isolated gymnemic acids represented products present 
in the dried leaves and not artifacts produced during the process of 
isolation. 


Purification of the Gymnemic Acids-The gymnemic acid frac- 
tions, obtained during the preliminary separation step cia silicic acid 
chromatography, were repeatedly decolorized with activated 
charcoal4 in methanolic solutions until cream-white products were 
secured. Further purification of the gymnemic acids was carried 
out by following one of the three procedures: (a) adsorption chro- 
matography on deactivated silica gel; (b) reverse phase partition 
chromatography (RPC) on Teflon-6; or (c) preparative TLC as 
summarized in Tables I1 and 111. 


In general, preparative TLC procedure was found to be useful for 
purifying all the gymnemic acids. Gymnemic acids A-D and 
V were obtained in crystalline form by this procedure. How- 
ever, gymnemic acids W-Z could be obtained only as amor- 
phous solids despite several recrystallizations. All nine gymnemic 
acids isolated by preparative TLC were shown to be homogeneous by 
TLC in seven solvent systems, I-VII. Table I1 summarizes the re- 
sults obtained with preparative TLC. Adsorption chromatography 
on deactivated silica gel proved to be a convenient method for the 
rapid purification of gymnemic acid A, and to a lesser extent acids 
B and C, while RPC on Teflon-6 was valuable for obtaining pure 
acid D. The Teflon-6 RPC was modified from the procedure of 
Fritz and Hendrick (27) and found to be superior to the silanized 
diatomaceous earth" RPC for retaining the stationary phase with 
prolonged use. 


Final purification of the isolated gymnemic acids was carried out 
by several recrystallizations from either ethyl acetate alone or ethyl 
acetate containing a few drops of methanol. 


Preliminary Characterization of the Gymnemic Acids-This 
report is limited to preliminary characterization of the major 
gymnemic acids A-D. Initial characterization work was performed 


9 Equivalent results were obtained with gymnemic acid commercially 
available from K & K Laboratories. Inc. 


This nomenclature is based upon the order of elution of the com- 
ponents during silicic-acid column chromatography and their abun- 
dance in the crude acid mixture. Thus, the four major constituents 
were named gymnemic acids A-D, acid A being the first major com- 
ponent to elute from the column. Similarly, the minor constituents were 
named gymnemic acids V-Z, the sequence in which they eluted during 
chromatographic separation. 


11 Celite 545, Johns-Manville. 
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Table IV-Sugar Content of the Gymnemic Acids 


Sample 
Glucostat Sugars Detecteda by 


Treatment” Test Paper Chromatography 


Ethyl acetate 
fraction 


Gymnemic acid A 


Gymnemic acid B 


Gymnemic acid C 


Ethanoly sis 


Ethanolysis, 
hydrolysis 


Ethanolysis, 
hydrolysis 


Ethanolysis, 
hydrolysis 


Positive 


Negative 


Negative 


Positive 


Arabinose 
Glucose 
Glucuronic acid 
Glucuronolactone 
Glucuronic acid 
Glucuronolact one 
Glucuronic acid 
Glucuronolactone 
Glucose 
Glucuronic acid 
Glucuronolactone 


Glucuronolactone 


Gymnemic acid D Ethanolysis, Positive Glucose 
hydrolysis Glucuronic acid 


0 Ethanolysis was carried out by refluxing with 3 N,ethanol+ HCI for 72 hr. and hydrolysis by refluxing with Kiliani mixture (25) for 5.hr. 
0 Colors produced by sugars after treating with modified aniline hydrogen phthalate reagent (24) and heating for 3 min. at 105” were visible 
(UV): arabinose, red (reddish brown); glucose, green (brown); glucuronic acid and glucuronolactone, brown (brown). 


with acid A and with the ethyl acetate acids fraction which repre- 
sented an enrichment of acids A-D. That the remaining gymnemic 
acids were closely related to acid A was evident by their various 
physical properties. Of particular significance was their IR spectra 
which were remarkably similar except for minor variations in the 
intensity of absorption peaks. 


Glycosidic Properties of the Gymnemic Acids-With the aid of 
anthrone (28) and chromotropic acid (29) tests, reducing sugars 
were detected in hydrochloric acid hydrolysates of the gymnemic 
acids. Neutralized and desalted sugar fractions were then separated 
into neutral and acidic components. Neutral sugars were collected 
as effluents from a strongly basic ion-exchange resin in the car- 
bonate form (30). Elution of the anionic resin with hydrochloric 
acid released sugar acids. 


The conditions employed for acidic hydrolysis of the gymnemic 
acids were dependent upon the subsequent use of the hydrolysates. 
Thus, while hydrolysis in ethanolic hydrochloric acid was found to 
be faster and less destructive, it led to formation of ethyl glycosides 
of the sugars. This limited the detection of free reducing sugars 
and also gave rise to artifacts during chromatographic analysis. 
Hydrolyses with the Kiliani mixture (25, 26) were performed as a 
supplement to ethanolysis studies which assured that the sugars re- 
leased were in the free reducing state. This procedure had value as a 
direct route for the identification of sugars. However, the harsh 
conditions of the Kiliani method led to degradation of both sugar 
and aglycone moieties, limiting its use in sugar isolations. 


All sugar fractions were examined by PC and compared to sus- 
pected reference sugars which had been subjected to the similar 
hydrolysis procedures. Chromogens used were: silver nitrate as a 
nonspecific but sensitive reagent, aniline diphenylamine for its 
characteristic color variations with sugars, aniline phthalate for its 
specificity for reducing sugars, and modified aniline hydrogen 
phthalate for its specificity as well as distinct color production with 
reducing sugars. The presence of glucose in the neutral sugar frac- 
tions was confirmed by the Glucostat test,lz a specific enzymatic 
procedure for 0-D-glucose. 


The procedures applied for the detection of sugars in various 
gymnemic acid fractions and their results are summarized in Table 
IV. Glucuronic acid was found in the hydrolysates of gymnemic 
acids A-D. Identification of glucuronic acid by PC was aided by the 
presence of an additional highly mobile spot due to glucuronolac- 
tone, which arises during hydrolysis as an equilibrium product of 
glucuronic acid (31). Glucose was observed to be the only neutral 
sugar constituent in the hydrolysates of gymnemic acids C and D. 


Acidic hydrolysis of the ethyl acetate parent fraction gave rise to 
arabinose in addition to glucose, glucuronic acid, and glucurono- 
lactone. In order to substantiate that arabinose did originate from 
the ethyl acetate fraction, a mixture of reference glucose and 
glucuronic acid was subjected to identical acid hydrolysis, and neu- 
tral and acidic sugar fractions were isolated as in the case of gym- 


nemic acid sugars. Analysis of the reference neutral sugar fraction by 
PC failed to detect any trace of arabinose. Since gymnemic acids 
A-D do not contain arabinose, its origin is assigned to at least one of 
the minor gymnemic acids. Pfaffmann (10) reported the detection of 
arabinose along with glucose and glucuronolactone from the hy- 
drolysate of his sample of gymnemic acid which has subsequently 
been shown to be a mixture (14). 


The ethyl acetate parent fraction was also utilized in the present 
study as a source for the isolation of glucuronic acid to confirm the 
PC results. Isolation was in the form of methyl-P-D-ghcofurano- 
sidurono-y-lactone by the method of Osman et a / .  (32). The isolated 
compound was identical with the methyl glycoside of reference 
glucuronolactone by undepressed mixed melting point, chromatog- 
raphy, IR, and NMR analyses. 


Positive color reactions with Liebermann-Burchard (19) and 
benzoyl chloride-sulfuric acid (17) reagents suggested gymnemic 
acids A-D to be glycosides of either steroid or triterpenoid alcohols. 
Further, the strong hydroxyl absorption around 3500 cm.-l and the 
characteristic bands in the region 700-1200 cm.-l (33) in their IR 
spectra, and a high percentage of oxygen content (about 30%) as 
indicated by elemental analyses, were consistent with the glycosidic 
character of the gymnemic acids. 


Comparison of Gymnemic Acids Isolated by Various Investigators 
-While the current investigation was in progress, Stijcklin et al. 
(14) reported their isolation of the antisweet principle of G. sylvestre 
leaves, which they named gymnemic acid A1. This isolation in a yield 
of about 0.004% was achieved by a complex procedure involving 
several treatments with both acid and base. 


Reichstein’s group called their parent fraction, from which gym- 
nemic acid Al was secured, gymnemic acid A. Fraction A showed a 
single spot during TLC in four solvent systems.13 However, in 
Solvent System VII, their gymnemic acid A was found to be a mix- 
ture composed of acids A,, Az, A,, and A4. Gymnemic acids A1 and 
Az were shown to be identical to the two spots produced by Warren 
and Pfaffmanns’ gymnemic acid in the same TLC system. Acid A1 is 
the major constituent in both the fractions isolated by the Swiss 
group and by Warren and Pfaffmann. 


Direct TLC comparison of gymnemic acids A-D, isolated in the 
present investigation, with acids AI-AI obtained by Reichstein’s 
group established that in TLC Systems I-VII acids A and B were 
identical to acids A, and Az. However, acids C and D did not cor- 
respond to acids At and A4. 


Stocklin e ta / .  (14) felt that gymnemic acid A1 was the native anti- 
sweet principle of G.  sylvestre leaves. Because of the harsh conditions 
employed in the isolation procedure, there existed the possibility of 
their acids Az and A, being artifacts originating from acid A1. In this 
study, the ethanol extraction and petroleum ether precipitation 
method is presented as evidence for the natural occurrence of gym- 


1 2  Glucostat test was performed according to Method 1-A described 
in the literature accompanying the reagent kit (Worthington Biochem- 
ical Corp.). 


1 s  Adsorbent, silica gel G ;  solvent systems: ethanol-water-am- 
monium hydroxide (18 :2 : l), isopropanol-water-ammonium hy- 
droxide (9 : 1 : I ) ,  chloroform-methanol-ammonium hydroxide ( 5  : 1 : l), 
and n-butanol-water-acetic acid (10: 1 : 1). 
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nemic acids A-D. This fact, coupled with the noiiidentity of gym- 
nemic acids A( and A4 with acids C and D from these laboratories 
or any of the minor acids, suggests that acids AS and Aa are 
degradation products. 


Further, gymnemic acid A (AI-AJ was shown by the Swiss group 
to contain glucuronic acid as the sole sugar residue. This is in agree- 
ment with the authors’ gymnemic acids A and B which also contain 
only glucuronic acid. In contrast, presence of both glucuronic acid 
and glucose in gymnemic acids C and D from this study has been 
established. 


Structural elucidation of gymnemic acids A-D will be the subject 
of forthcoming papers from the authors. 
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Intestinal Drug Absorption and Metabolism I: Comparison of 
Methods and Models to Study Physiological Factors 
of In Vitro and In Vivo Intestinal 


WILLIAM H. BARR* and SIDNEY RIEGELMANT 


Absorption 


Abstract 0 Two experimental methods for use in kinetic studies on a 
compartment model for intestinal metabolism and absorption 
were evaluated. The in oitro cannulated everted intestinal sac and 
the in ciuo intestinal loop with complete mesenteric venous collec- 
tion were compared in the same region of rabbit intestine. 
These experimental methods were used to study the effects of metab- 
olism, tissue accumulation, and blood flow on the transport of sali- 
cylamide across the basal barrier and provide experimental evi- 
dence to support the cell compartment model. At lower initial 
mucosal concentration M ) ,  over 6Oz of the drug appearing 
in mesenteric blood is conjugated with glucuronic acid. At higher 
initial mucosal fluid concentrations, glucuronide conjugation appears 
to be capacity limited and the disappearance from the lumen-curve 
shows a distinct distributive phase characteristic of a cell compart- 
ment model. The rate of transport of free drug across the basal bar- 
rier is blood flow rate-limited while the transport of glucuronide is 
essentially independent of blood flow. Appearance of free salicyl- 
amide into mesenteric blood, in oiuo, shows a lag time of 4 min. 
compared to  a lag time of about 10 min. for the appearance of free 
drug into serosal fluid in oirro. The steady state rate of appearance 
of free drug into the plasma (in uioo) is five to  ten times greater than 
the rate of appearance of free drug into the serosal fluid (in citro) at 
similar mucosal concentrations. The in uiuo intestinal loop with 
complete venous collection was found to have many advantages in 
studying physiological factors of intestinal drug absorption. 


Keyphrases 0 Drug absorption-intestinal 0 Everted intestine- 
drug absorption,in c i t ron  Intestinal loop, cannulated4rug absorp- 
tion, in cioo 0 Salicylamide-absorption, accumulation, metabo- 
lism c] Glucuronic acid-salicylamide conjugation-concentration 
effect 0 Fluorometry-analysis 


From the standpoint of a drug administered orally to  
produce a systemic effect, intestinal absorption can be 
considered as the amount of unchanged drug absorbed 
from the intestinal lumen which appears in the portal 
circulation or intestinal lymph. Using this definition, 
the amount of drug disappearing from the lumen con- 
tents is sufficient to characterize the absorption process 
only if it reflects the rate of appearance of unaltered 
drug in the blood. If one accepts the above definition, 


then it becomes quite important to  evaluate critically 
the widely used (1 )  practice of assessing absorption by 
monitoring only the rate of disappearance of drug from 
the lumen. The condition that the rate of disappearance 
of free (unaltered) drug from the lumen contents is 
identical to the rate of appearance of free drug in the 
mesenteric blood is implicit in the classical lipoid barrier 
model of intestinal absorption which assumes that the 
intestinal tissue is a single barrier which does not con- 
tribute to the material balance of the system.’ When 
accumulation or metabolism of drug occurs in the 
intestinal tissue, these rates may not be identical and a 
tissue compartment model for absorption is considered 
here as a more appropriate model to describe the entire 
absorption sequence. 


The studies described in this report were designed 
to compare in vivo and in citro experimental methods 
and mathematical models that might be useful in 
studying the effect of physiological factors, such as ac- 
cumulation and metabolism of drug in the intestinal 
tissue and intestinal blood flow, on the appearance of 
free drug into mesenteric blood. 


The general multiple barrier tissue compartment 
model that will be used to describe these physiological 
variables in in viuo and in citro preparations is shown in 
Fig. 1 .  This catenary three-compartment model assumes 
that the intestinal tissue can be described as a homo- 
geneous compartment, which is separated from the 
lumen compartment by an apical barrier (a)  and from 
the terminal blood or serosal fluid compartment by a 


’In compartment theory, a barrier may be defined as that rate- 
limiting step between two compartments which distinguishes these 
compartments by the fact that the rate of distribution within each 
compartment is sufficiently rapid, compared to the rate of transport 
across the barrier, that each compartment may be described by a sep- 
arate volume of distribution. The barrier is considered to be only a 
rate-limiting step of negligible volume which does not contribute to 
or alter the material balance of the system. See, for example, the dis- 
cussion on the concept of a barrier by Riggs (Reference 32, p. 188) 
and the concept of a compartment being represented as a volume by 
Resign0 and Segre (Reference 31, p. 16). 
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Table I-Comparison of Apparent Barrier and Tissue Compartment 
Models of Intestinal Absorption 


/,=I[ 9 


Figure 1-General compartment model for intestinal absorption in- 
cluding metabolism in the epithelial cell and transport across the 
apical (a )  and basal (p )  barrier into mesenkric blood (& vivo) or 
serosalfluid (in vitro). Key: Fl is the amount of free (unmetabolized) 
drug in the lumen contents; F1 is the amount of free drug in the tissue: 
F, is the amount of free drug in the blood in in vivo preparations and 
in the serosal fluid of isolated in vitro intestinal preparations: GZ is 
the amount of metabolite formed in the intestinal cell (e.g., glucrrron- 
ide). For some cases, more than one metabolite may be formed as 
illustrated by S p ;  kmn is the rate constant for the transfer of amount 
from Compartment m to Compartment n, e.g., kzI is the rate con- 
stant for the transfer of free drug from Compartment 2 to Com- 
partment I :  k,,,,a is the rate constant for the transfer of amount of 
metabolite from Compartment m to Compartment n; kfg is the rate 
constant for the formation of metabolite. 


basal (p )  barrier and that metabolism of the drug may 
occur in the tissue. 


The anatomical entities corresponding to the a and 
p barriers cannot, at the present state of knowledge, be 
defined. There are many potential barriers that a drug 
may encounter during gastrointestinal absorption. It 
is probable that the barriers corresponding to the rate- 
limiting steps may be different for different preparations 
and drugs and possibly for different ionic species of the 
same drug. It is also clear that the present three- 
compartment model may be inadequate and additional 
compartments or a stochastic model may be required to 
describe the absorption mechanisms of some drugs. 


It can be shown that the tissue compartment model 
will reduce to a simple apparent barrier model when 
metabolism is negligible and the rate constant for trans- 
fer of drug across the basal barrier is much greater than 
the rate constant for transfer of drug across the apical 
barrier. The important differences between the compart- 
ment and barrier models are summarized in Table I. 


It is likely that no single experimental method will be 
ideal to study physiological factors of absorption and 
that the maximum information will often require cor- 
roborative evidence from more than one method. It was 
of interest, therefore, to compare different methods in 
the same intestinal region of the same animal. Two 
preparations were selected to compare in vivo and in 
vitro methods using the same intestinal region. 


The in vitro preparation selected was a cannulated 
everted intestine which would eliminate possible varia- 
bles due to blood flow and permit serial sampling from 
both the mucosal and serosal contents. The everted 
intestinal sac which was introduced by Wilson and 
Wiseman ( 2 )  has the advantage of simplicity and 
flexibility and is beginning to find use in studies on drug 
absorption (3-8). Everted intestinal sacs have also been 
used to show intestinal glucuronide formation (6)  and 


Apparent Barrier Model 


The intestinal tissue does not 
contribute to or alter the ma- 
terial balance of free drug in 
the lumen, blood, or serosal 
compartments. 


No appreciable accumulation of 
free drug in tissue. 


Apical barrier is rate-limiting 
step for appearance of free 
drug in plasma (kit < kZ3). 


No metabolism of drug in tissue. 


Rate of appearance of free drug 
in plasma can be predicted by 
measurements on the disap- 
pearance of drug from the 
lumen fluid. 


Semilog plot of amount of drug 
in the lumen versus time will 
appear linear with intercept 
near to the initial amount in 
lumen. 


Tissue Compartment Model 


The intestinal tissue must be 
considered in the material 
balance of free drug in the 
system. 


Accumulation of free drug in 
tissue may occur. 


Basal barrier is rate-limiting 
step for appearance of free 
drug in plasma (k12 > k23). 


Metabolism of drug in the tissue 
may occur. 


Measurements on lumen fluid 
alone may not be sufficient to 
characterize appearance of 
free drug in plasma. Tissue 
or blood may also have to 
be sampled. 


Semilog plot of amount of drug 
in the lumen versus time is 
biexponential showing dis- 
tributive phase. 


to study the mechanisms involved in glucuronide trans- 
port (7, 8). 


The in vivo method selected for this study was a can- 
nulated intestinal preparation with complete mesenteric 
venous blood collection. By cannulating the mesenteric 
vein and leaving the arterial supply intact, the rate of 
appearance of drug in the blood is measured directly 
without the complicating factors of tissue distribution 
in the body, hepatic metabolism, and urinary excretion. 
This type of preparation has not been generally applied 
to studies of drug absorption, but has been used to study 
intestinal metabolic processes of sugars and amino 
acids in the cat (9), dog (lo), guinea pig and rat (1 l), 
and steroid conjugation in humans (12). 


These two preparations have the advantage that the 
terminal compartment is closed, permitting direct 
evaluation and comparison of transfer across the in 
vivo and in vitro basal barrier. 


Through the use of experimental procedures such as 
the “in uivo intestinal loop with complete venous collec- 
tion,” the assumptions of a closed system and irreversi- 
ble transfer of drug from the tissue to the blood com- 
partment are valid and permit considerable simpli- 
fication of the general model (Model I) to the form, 
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The quantity, Fz*, will vary and be equal to F.z in the 
case of first-order metabolism or be fixed at a certain 
value in the case of zero-order metabolism. The fixed 
amount may be considered that amount which saturates 
the enzyme system so that Vmm. is reached and is equal 
to kf,Fz* which is an apparent zero-order rate constant. 


Rabbits were selected as the experimental animal 
for several reasons. Cannulation of the mesenteric 
vein in smaller animals is difficult. A larger animal such 
as a dog would require the replacement of large amounts 
of blood to maintain blood flow. Furthermore, as the 
size of the animal increases, the thickness of the in- 
testine precludes use for in vitro methods such as everted 
intestinal sacs or in vitro intestinal perfusions so that in 
uiuo and irz uitro methods cannot be easily compared 
in the same animal. It is stated that the general intestinal 
vasculature of the rabbit is very similar to that of man 


Salicylamide (SAM) was chosen as a suitable drug to 
use for the following studies on accumulation and 
metabolism in the cell compartment for two reasons. 
First, it has sufficient lipid solubility and is largely un- 
dissociated at physiological pH (pKa 8.9) (14). Sec- 
ond, Schachter (6)  has shown that salicylamide is ap- 
preciably conjugated with glucuronic acid in in vitro 
everted intestinal sacs. Salicylamide therefore provides 
a model substrate to study the effect of intestinal 
metabolism on the in vivo availability of a drug. 


(13). 


EXPERIMENTAL METHODS 


Everted Sacs for Kinetic Studies-The apparatus used, a modifi- 
cation of that used by Crane and Wilson (15), is shown in Fig. 2. 
An intestinal segment (about 10 cm.) was quickly removed from a 
male New Zealand rabbit under pentobarbital anesthesia, washed 
gently with Krebs-Ringer bicarbonate solution (16) (pH 7.4), 


FLUID 


FLUID 


(75.01111) 


(7.51111 1 


CANNULATED EVERTED INTESTINE 
(LM YIIBP) 


Figure 2-Diagramatic illustration of apparatus used in the in vitro 
cannulated everted intestine preparations. Key: (a) I-ml. disposable 
plastic syringe used to collect serosal fluid; (b) large hypodermic 
needle (14 gauge); (c) rubber stopper; (d) 125-ml. conical flask; 
(e) disposable polyethylene centrifuge tube; (f) water bath (37"); 
(g) umbilical tape used to fasten intestine to centrifuge tube; (h) 
everted intestine: (i) inlet for gas mixture (OZ-COZ, 95 z-5 z); 
(j) I-ml. disposable plastic syringe used to collect mucosalji'uid. 


and everted by means of a glass rod inserted through the lumen. 
A disposable polyethylene centrifuge tube was inserted in one end 
of the intestine and tied securely with umbilical tape. The opposite 
end was tied and 7 to 10 ml. of Krebs-Ringer bicarbonate solution 
introduced through the hypodermic needle inserted in the poly- 
ethylene tube. The intestine was then placed in the mucosal fluid 
containing 75 ml. of 1 0 - 4  to low2 M drug in Krebs-Ringer bi- 
carbonate solution maintained at 37" and saturated with 95% 
0 2  and 5 z  COz by directly bubbling the 02 and C02 into the mucosal 
fluid. Serial samples of known volume were taken from both mucosal 
and serosal fluids by means of 1-ml. disposable plastic syringes. 


Fixed-time studies used everted sacs closed at both ends which 
were incubated either under the conditions used by Herz et al. (7) 
for rat intestine, which was oxygenated by an 0 2  and COz (95% and 
5 7 3  atmosphere flowing at 122-152.5 ~ m . ~ / h r .  (4-5 ft.3/hr.), or by 
bubbling the Oz-COz mixture directly into the mucosal fluid. 


I n  S i t u  Isolated Intestinal Preparation with Intact Arterial Supply 
and Complete Venous Collection-Male rabbits weighing between 
2 and 3 kg. were anesthetized with pentobarbital or urethan- 
pentobarbital mixture. A small midline incision allows the gentle 
exposure of a 2&60-cm. midileal portion of the intestine. This 
portion was selected because of its accessibility and suitable vas- 
culature to facilitate cannulation. The mesenteric arcades to ad- 
jacent portions were carefully tied off. The intestine was cut and 
cannulated with Tygon tubing for either perfusion (Fig. 3 4  or a 
closed loop (Fig. 3B). The mesenteric vein was cannulated with 
an appropriate size of Silastic or polyethylene tubing and all 
venous blood collected in heparinized, calibrated centrifuge 
tubes. The mean-flow rate was determined directly by recording the 
quantity of blood collected in successive intervals, usually 10 min. 
The blood lost from the mesenteric vein was continuously replaced 
with an equal volume by an intravenous infusion, via the jugular 
vein, of heparinized blood-saline mixture or whole blood previously 
collected from donor animals. The carotid artery was also cannu- 
lated for systemic arterial samples. 


The isolated intestine was kept warm and moist by frequent ap- 
plication of warm (37") saline to a gauze pad covering the intestine 


SCHEMATIC DIAGRAM ILLUSTRATING 
THE IN VlVO INTESTINAL PREPARATION WITH COMPLETE 
VENOUS COLLECTION 


Figure 3-111 vivo intestinal preparation with complete venous col- 
lection. A, perfused intestine: B, closed intestinal loop. Key: (a) 
blood (or blood-saline mixture) infused into jugular vein; (b) constant 
temperature water bath; (c) heat exchange coil for perfusate; (d) 
three-way stopcock to refill infusion pump (e) with perfusate (f); 
(g) Tygon tubing connecting the perfusion system to the isolated 
intestinal loop: (h) mesenteric cein draining ileal segment: (i) poly- 
ethylene cannula draining mesenteric venous blood: (j) calibrated 
centrijuge tube ( I5  ml.); (k) centrifuge tube to collect perfusion ef- 
fluent (50 ml.); (1) carotid cannulation for arterial sample; (m) at- 
tachment to animal respirator: (n) Tygon tubing attaching both ends 
of intestine to form closed loop: (0) I-ml. syringe used to collect 
samples of fumenji'uidand also periodically to mix lumen fluid. 
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which in turn was covered by a dental rubber dam. A small lamp 
placed over the areawas sufficient to maintain the preparation at 37". 


Spectrophotofluorometric Assay of Salicylamide (SAM) and Its 
Metabolites in Plasma and Biological Fluids-The usual colorimetric 
method of assaying salicylamide (SAM) by a ferric ion complex 
proved too insensitive to be applicable to these studies. Salicylamide 
(SAM) is fluorescent in basic solution. This property was used to 
develop a fluorescence assay in which free SAM (pKa 8.9) (14) 
was extracted from an acidified or buffered (pH 4.3) biological 
fluid into an ethylene dichloridexyclohexane (65 :35) mixture and 
reextracted into an aqueous 0.2 N sodium hydroxide solution. 
The fluorescence of SAM in the aqueous basic solution was 
determined directly by an Aminco-Bowman spectrophotofluo- 
rometer at the maximum activation and emission wavelengths of 
350 and 430 mp, respectively (both uncorrected). This procedure 
provided a sensitive and reproducible assay capable of estimating 
concentration of free SAM as low as 0.5 mcg./ml. Concentrations of 
1 to 50 mcg./ml. were easily assayed with an average standard error 
of the mean usually less than f 3 %. SAM glucuronide is expressed 
as the free SAM released after hydrolysis with bacterial p-glu- 
curonidase. Total SAM (free, glucuronide, and sulfate) can be 
determined as free SAM after acid hydrolysis. 


Analog Computer Simulation of Model-An analog computer2 
program corresponding to Eqs. 1-4 is shown in standard 
analog computer symbols in Fig. 4. The steps for subsequent 
metabolite transport, kzl0, k2a0, have been omitted in this program 
as they will not affect transport of free drug which is of interest here. 


When the effect of metabolism in the cell is evaluated ( k f ,  > 0), 
metabolism in the cell proceeds by a first-order process at the vari- 
able rate, krgFz*, where F2* is equal to Fz. When the variable input 
into the electronic comparator (F2) equals the selected fixed ref- 
erence voltage of the electronic comparator (F2* ref.), the com- 
parator operates through a digital output to an electronic switch 
which changes the rate of metabolism to a fixed (zero-order) rate3 
equal to kj ,  (Fz* ref.). When metabolism is negligible, the potentiom- 
eter representing k j ,  is set to zero. 


RESULTS AND OBSERVATIONS 


Influence of Intestinal Region and Method of Oxygenating on In 
Vitro Glucuronidation-In order to compare intestinal metabolism 
in in vitro everted intestines and in ciuo perfused intestines in the 
same region, preliminary studies were made to determine the region 
of intestine which produced maximal glucuronide formation and 
experimental factors influencing final glucuronide concentrations. 


Closed rabbit everted sacs were incubatedwith lo-& Msalicylamide 
under a closed 0, and CO, (95%-5 %) atmosphere flowing at 122- 
152.5 ~ m . ~ / h r .  (4-5 ft. 3/hr.) similar to the conditions used by Herz et 
al. (7) to study conjugation of thyroxine analogs in rat everted intes- 
tines. All regions of the intestine had essentially the same final salicyl- 
amide glucuronideconcentrations andglucuronide-to-free drug ratios 
in the serosal fluid as shown in Table 11, Rows 1-8. The ileum ap- 
peared to have slightly greater amounts of glucuronide and was se- 
lected as the standard region for this and other reasons. It is the most 
convenient region for cannulation in the in vivo preparation and is 
the region usually used when minimal fluid flux is desired (17). 


When the O2 and COz mixture was bubbled directly into the muco- 
sal fluid, two effects were noted. First, peristaltic contractions of the 
intestine were increased, leading to variable amounts of fluid 
remaining in the sac. The final serosal concentrations in the bubbled 
preparation of both glucuronide and free drug showed greater 
variation due to the fluid loss. Second, both glucuronide and free 
drug serosal concentrations were generally higher than those found in 
the 0, and COz atmosphere conditions. The increase in serosal glucu- 
ronide was greater than the increase of serosal free drug, however, 
as is reflected by increased serosal glucuronide-to-free drug ratios. 
These data are shown in Table I1 where Rows 1-8 are under 0,-COZ 
atmosphere conditions and Rows 9-14 are with bubbled 0 2 - C O ~  
conditions. 


2 The analog computer used was a TR-20 with a series 1133 Vari- 
plotter recorder, manufactured by Electronics Associated Inc., Long 
Branch, N. J. 


3 Although this scheme has thedisadvantage that the rate ofmetabolism 
shifts from first-order to zero-order instantaneously rather than follow- 
ing the more complex true enzyme kinetics, it is adequate to illustrate 
the points for which it is intended in this paper. 
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Figure &Analog computer program for the model F, $ F, -, Ft 


G2 
where metabolite formation may be first-order or zero-order when F P  
reaches the reference voltage of the comparator (Fz* ref.). (See text 
for discussion.) 


L 


It was subsequently found that the loss of fluid due to peristaltic 
squeezing can be satisfactorily prevented by leaving an open syringe 
in the cannulating needle to act as a reservoir for serosal fluid 
pushed up during contraction. This procedure improves the re- 
producibility and usefulness of this preparation and permits the use 
of directly bubbled oxygen in kinetic studies. 


Figure 5 shows the typical linear plot obtained in the cannulated 
everted sac when appropriate volume corrections are made and the 
amount of drug reaching serosal fluid is plotted against time. The 
volume corrections are as follows. 


Samples of equal volume are removed from the serosal fluid 
every 10 min., so that the volume decreases linearly with time. 
Since the mucosal concentration is essentially constant, a constant 
amount is delivered to the serosal fluid per unit time while the 
serosal concentration increases inordinately, due to the decrease of 


10 30 
MINUTES 


60 


Figure 5-The amount offree drug (0) andglucuronide in the serosal 
fluid (0) of the cannulated in vitro everted intestine as a function of 
time (initialconcentration of 10-3 M SAMin mucosalfluid). 
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Table 11-Effect of Intestinal Region and Method of Oxygenation on Glucuronide Formation4 


Glucuronide, Free Drug, 
Final Serosal Final Serosal 


Region of -Serosal Volume- Concn., Concn., 
Row Intestine Rabbitb Method Initial Final mcg./ml. mcg./ml. G/Fc 


1 Duodenum 
2 Duodenum 
3 Jejunum 
4 Jejunum 
5 Ileum 
6 Ileum 
7 Ileum 
8 Ileum 
9 Ileum 


10 Ileum 
I1 Ileum 
12 Ileum 
13 Ileum 


D O2 Atmosphere 8 8 2.10 1.20 1.75 
D O2 Atmosphere 8 8 2.16 1.29 1.67 
D 0, Atmosphere 8 8 2.10 .90 2.33 
D O2 Atmosphere 8 8 1.72 1.35 1.27 


D 0, Atmosphere 8 8 3.32 1.12 2.96 
B 0, Atmosphere 10 10 1.83 1.40 1.31 


C 0, Bubbled 8 . 0  7.4d 5.48 2.92 1.88 
C 0, Bubbled 7.5 7.4d 9.74 3.29 2.96 
D 0, Bubbled 8.0 4.7e 2.44 .52 4.69 
D O2 Bubbled 8 . 0  3.0" 10.21 2.25 5.54 
K 0, Bubbled 8.0 7 .5  3.98 .82 4.85 


D 0, Atmosphere 8 8 1.42 1.42 1 .oo 


B 0, Atmosphere 8 8 2.09 1.49 1.40 


a Comparison of concentrations of SAM (free) and SAM glucuronide in the serosal fluid after 1-hr. incubation at 37" with an initial mucosal 
concentration of 10-4 M SAM. Comparisons are made of difTerent regions of the intestine (duodenum, jejunum, ileum) with the same oxygenating 
system or the same region (ileum) with different oxygenating systems 195 % 02-5 CO, bubbled ,in direct!y or in an atmosphere flowing through 
a Dubnoff shaker at 122-152.5 cm.3(4-5 ft.a)/hr.]. * Each different letter indicates a particular experiment using a different rabbit. Intestinal segments 
come from the same animal if they have the same letter (e.g. ,  D ) .  c The ratio of the concentrations of glucuronide and free in serosal fluids after 1 
hr. d Fluid loss due to one sample taken at 30 min. 6 Fluid loss due to peristalsis. 


serosal volume, resulting in a convex concentration-time curve 
requiring the following correction. 


When each sample aliquot of equal volume (L; )  is removed from 
the initial volume (V")), the amount of drug in the serosal fluid ( F J ,  
at a given time ( t ) ,  corresponding to  sample number (n), of con- 
centration (CF,,), is given by 


Ft = Cpn [Vo  - U ( / Z  - I)] 


and the cumulative amount of free drug, x F t , w h i c h  has reached the 
serosal fluid at time t ,  including the amount which has been re- 
moved during previous sampling is 


1, - 1 


It is possible that even corrected-amount plots will be curved up- 
wards if metabolism is significant and becomes capacity limited 
within the range of mucosal cell concentrations obtained during the 
course of the experiment. 


Evaluation of In Viuo Intestinal Loop with Complete Venous 
Collection-The technique of collecting all venous blood draining 
from the region of absorption was developed to provide an in uiuo 
preparation withintact circulation where the mesentericvenous blood 
could be treated as a closed compartment. The most important 
criterion for the usefulness of this preparation, therefore, is that 
all free drug and drug metabolites which are absorbed into the 
capillary blood must be collected in the venous effluent and not 
reach the general circulation. Since arteriovenous anastomoses in 
the gastrointestinal circulation are present (18, 19), the following 
study was performed to establish that the amount of drug which 
reaches the systemic circulation is negligible. A closed intestinal 
loop with complete venous collection was filled with 10 ml. of 


M S A M  (1.37 mg.). After 2 hr. the intestine was rinsed and 10 
ml. of a lo-* M solution (13.7 mg.) was placed in the lumen. 
The venous blood was collected and assayed for free drug and 
glucuronide. The carotid artery was sampled periodically during the 
absorption process. The resulting concentrations of free drug and 
glucuronide in carotid arterial plasma and the mesenteric venous 
effluent as a function of time are shown in Fig. 6. 


The concentrations in arterial blood were only very slightly above 
the arterial blood blank and were insignificant compared to venous 
effluent concentrations. Arterial blood concentrations were checked 
periodically throughout the experiments and never found to be 
significant. In some cases, total urine collection was also assayed 
a t  the end of the experiment and found to  contain negligible 
amounts of free drug or glucuronide. These results show that the 
primary criterion for the usefulness of this preparation-ciz., 
complete collection of all absorbed drug and drug metabolites in 
the rnesenteric venous effluent, is quite adequately satisfied. 


Effect of Metabolism, Accumulation, and Blood Flow on the Dis- 
appearance of Free Drug from the Lumen and Appearance of Free 


Drug in the Plasma-In the study previously described and illus- 
trated by the plasma concentration curves in Fig. 6 ,  the amounts of 
free drug in the lumen remaining to be absorbed were also de- 
termined and are shown in Fig. 7. These curves illustrate the 
difficulty of deducing mechanisms of absorption from measure- 
ments only on the disappearance of drug from the lumen. Curve b, 
obtained with the lower dose (1.37 mg.), appears linear throughout 
with an intercept equal t o  the initial amount in the intestinal lumen. 
This is exactly the type of curve predicted by a true irreversible 
barrier model, FL + F3. Curve a,  which was obtained in the same 
intestinal preparation with a higher dose ( I  3.7 mg.), shows a distinct 
distributive phase, however, and follows the shape predicted by a 
compartment model, F, F, -, F3. If the rate of appearance of 
free drug in the plasma (dFs/dt) is examined for the lower concen- 
tration (1.37 mg.), it is apparent from Fig. 8 that the slope of the 
semilog-time-plot is not the same as the slope of the semilog-time- 
plot of amount remaining in the lumen. The barrier model would 
require that these slopes both be equal t o  --k1&!.303, since FI = 
F1~e-'l3~, and dF3/dt = k13Flae-X13t. Thus, although the data on the 
disappearance of drug from the lumen suggests that the barrier 
model is applicable for the lower dose, the rate of appearance of 
drug in the plasma at  this dose does not correspond to the barrier 
model. These apparently anomalous results can be readily reconciled 
by considering the effects of cellular metabolism on the amounts 
of free drug in the intestinal tissue. 


A VENOUS TOTAL * ARTERIAL TOTAL 
0 VENOUS FREE 
0 VENOUS GLUC. 


10-3 M . 


MINUTES 


Figure 6-Coniparison of the concentrations offree drug, glucuronide, 
rind totaI drug in the closed sac, in vivo preparation, containing (a) 
IOmI. of10-3 M(1.37rng.)SAM,or(b)10mI.of10-2M(13.7mg.) 
SAM. 
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Figure I-Comparison of the amount of free drug in the lumen re- 
maining to be absorbed (log scule) in the closed loop in vivo prepara- 
tiott containing 10 nil. of M 
S A M ( 0 ) .  


M SAM ( 0 )  and 10 ml. of 


I f  it is assumed that at lower doses the free drug in the tissue is 
rapidly metabolized by a first-order process, the amount of free 
drug in the cell then remains very low and the cell compartment 
approximates a barrier containing negligible amounts of free drug. 


At higher doses, metabolism in the cell is capacity-limited 
(i.e.,  is approaching zero-order metabolism kinetics) and a smaller 
fraction is metabolized. This allows accumulation of the free 
drug in the tissue and requires distribution equilibrium to be 
established between the free drug in the lumen compartment and the 
cell compartment before monoexponential disappearance is ob- 
served, Indeed, when one examines the appearance of glucuronide 
in the plasma given in Fig. 6, this explanation appears quite reason- 
able. At M ,  the fraction which appears as glucuronide in the 
plasma exceeds that of the free drug. At the higher ( l0P M )  
concentration, the fraction of drug which appears in the plasma 
as glucuronide is much less, particularly in the initial phase. The 
experimental results shown in Fig. 7 are in reasonable agreement 
with the types of lumen disappearance curves predicted by the analog 
computer program when the above assumptions on capacity- 
limited metabolism were made as shown in Fig. 9. 


These in aiao studies provide experimental evidence for four 
important concepts: (a )  an appreciable amount of drug absorbed 
from the lumen may appear in the plasma as metabolized drug; 
( h )  the intestinal glucuronide conjugating system can apparently 
be saturated; (c) the intestine behaves like a compartment when 
the fraction of salicylamide metabolized is negligible. Approximate 
calculations4 show that the apparent volume of distribution in the 
cell compartment is almost equal to the volume of the mucosal 
fluid (about 10 ml.) and (d) measurements on the disappearance of 
drug from the lumen alone are not adequate to characterize the 
absorption process when metabolism in the cell is significant. 


'Present difficulties in assaying drug in the tissue allow only in- 
direct evidence of tissue accumulation of free drug. The volume of 
distribution was estimated by the analog computer program. There are 
difficulties in curvc fitting, however, as (a)  the fraction of drug metab- 
olized is changing and ( b )  some hydrolysis of glucuronide in the lumen 
fluid appears operative. 
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Figure 8-Comparison of the amount of free drug (FI) in the lumen 
( 0 )  and the rate of appearance offree drug (Fa) in the uenous plasma 
(A) obtained in an in vivo dosed loop preparation containing 10 ml. 
ofa 10-3 MsolutionofSAM. 


Effect of Blood Flow on the Rate of Appearance of Drug in 
Plasma-The effect of blood flow on the rate of appearance of drug 
in the plasma is shown by the fluctuations observed in the rates of 
appearance of free drug in the in aiuo perfused intestine long after 
steady state should have been established. An example is given in 
Fig. 10 which shows the rate of appearance of free drug and glucu- 
ronide in plasma in an in uiuo loop perfused with M SAM. 
It is evident that there are considerable variations in the rate of 
appearance of free drug. When the rates of blood flow at the same 
time points are plotted, the peaks coincide. The rate of appearance 
of glucuronide, however, appears to be relatively constant, and 
independent of blood flow, 


The rate of appearance of free salicylamide and glucuronide in 
the mesenteric plasma as a function of blood flow when the mucosal 
concentration is maintained constant by perfusion with M 
SAM is shown in Fig. 1 1 .  


It is apparent that transport of free drug across the basal barrier 
is rate limited by blood flow while the more polar glucuronide is 
diffusion rate limited except at very low flow rates. 


The role of intestinal blood flow in intestinal absorption has 
been controversial. Some reviewers have stated that although very 
little work has been done on the effect of blood flow, it may be a 
rate-limiting factor (20, 21). Others believe it to be unimportant 
because of the large rate of flow through the splanchnic region (13, 
22), and that diffusion will always be rate limiting. 


One must of course be cautious in extrapolating the results ob- 
tained in an anesthetized surgical preparation to absorption under 
normal physiological conditions. In general, the splanchnic circu- 
lation receives about 30% of the cardiac output of which about 15 % 
goes to the intestines. For a rabbit with a cardiac output of 0.35 
l./min. (0.26-0.48 by the direct Fick method), the flow through the 
entire intestine should be about 55 ml./min. (23). In the cannulated 
preparation about one-tenth of the intestine is used. Therefore, the 
flow rate through this segment should be about 4.0 to 7.0 ml./min. 
The actual flow rates achieved were somewhat less, ranging between 
0.6 and 6 ml./min., but sufficiently close to indicate that similar 
effects might be observed in the intact animal. 


Comparison of Lag Times in In Viiro and In Vico Preparatiom- 
The existence of a lag time in the in uitro rabbit preparation is clearly 
evident from Fig. 5 and has also been demonstrated in the rat by 
other workers (4, 24, 25). Figure 5 shows a significant lag time of 
almost 10 min. for free drug and over 15 min. for the linear appear- 
ance of glucuronide into serosal fluid. The physiological signifi- 
cance of the lag time for transport of drug into the serosal fluid 
in the in vitro preparations has been questioned, however, because 
blood circulation is nonfunctional and the drug must additionally 
traverse the submucosa and muscularis layers which may account 
for a sizable drug reservoir or barrier. 
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Figure 10-The rate of appearance of free drug (V) and glucuronide 
(0) in the venous plasma correlated with the rate of blood flow (0) 
in an in vivo preparation with complete mesenteric venous collection 
perfused with a M solution ofSAM. 


2 4 6 8 
TIME 


Figure 9-Analog computor simulation of amounts of free drug re- 
maining in the lumen when metabolism in the tissue compartment pro- 
ceeds by first-order (bottom curve) at low initial dose, or zero-order 
at  a higher initial dose (top curve). The rate constants for the anatog 
program shown in Fig. 4 (corresponding to the symbolism in Fig. 1 )  
were the same in both cases; klz (0.3,  kzl(O.5), k23 (0.2), and kfg (1 .2)  
in units of reciprocal time. FZ* ref. was set at 0.5 v. in the case of 
zero-order metabolism corresponding to a zero-order rate of 0.6 v., 
unit time-’. 


Several investigators have found it necessary to include a lag 
time in kinetic evaluations of drug absorption in man (26, 27). 
It is not possible to directly associate this lag time with the in- 
testinal tissue, however, since in these cases other factors such as 
dosage form release, gastric emptying, intestinal transit times, and 
distribution in other tissues, e.g., hepatic (27), may also be in- 
volved. Conclusive evidence for an in vivo lag phase due to the in- 
testinal tissue should be evident from the in vioo perfused intestinal 
loop with complete venous collection which would not be subject 
to the above criticisms. 


To simulate the conditions of the in vitro everted intestinal prep- 
arations where the mucosal concentration is essentially constant, 
the loops were perfused with constant concentrations of 


M SAM in Krebs-Ringer bicarbonate solution. 
Periodic samples of the lumen perfusate showed that the perfusion 
rate used (1.9 ml./min.) was sufficient to maintain a constant mu- 
cosal concentration. Since all drug is collected in the venous 
effluent, the plasma can be treated as a closed compartment, and 
the cumulative amount absorbed is easily obtained. Examples of 
cumulative amounts of free drug absorbed at different perfusion 
concentrations are given in Fig. 12. The absolute slopes vary slightly 
for a given concentration since no attempt was made to keep blood 
flow conditions and length of the loop constant. The x-axis intercept 
of the extrapolated linear portion of the curve represents the lag 
time. This lag time is quite consistent for all perfusion concentra- 


or 


tions, ranging from 4 to 6 min. with an average of 4.5 (SE f 0.4) 
rnin. 


These results show that intestinal lag time can be expected in a 
physiologicalIy realistic preparation with intact mesenteric circula- 
tion even when dosage form delays and diffusion of drug in the 
lumen fluid are obviated by using a well-stirred solution of the 
drug. The in vivo lag time is, therefore, a real phenomenon attribut- 
able to the intestinal tissue. 


DISCUSSION 


Interpretation of Lag Time in Barrier and Compartment Models- 
The lag time may be interpreted either as the approach to diffusion 
steady state in a barrier model or the approach t o  apparent dis- 
tribution equilibrium in a tissue compartment. The usual (29) 
equation describing steady-state diffusion across the intestinal 
“barrier” is the application of Fick’s law to a plane sheet 


-dFi/dt = dFs/dt = Pdm(CF1 - Cp3) (Eq. 5 )  


where Fl is the amount of free drug in the mucosal fluid, P, is the 
permeability constant of the intestinal barrier equal to the diffusion 
constant D, divided by the thickness of the barrier, x ;  A ,  is the 
effective absorbing area, CF, and C F ~  are the concentrations of 
free drug in the mucosal fluid and serosal fluid, respectively. In the 
noncompartmental diffusion model for diffusion of drug through a 
simple6 cylindrical barrier of inner surface area, A1, and outer sur- 
face area, A S ,  the lag time, T, is given by 


T = (A1 - A3)’/60 (Eq. 6 )  


It is difficult to assign values to the parameters of Eqs. 5 and 6 
for several reasons (29). The intestine is not a simple6 barrier but 


6 That is, a single isotropic medium. 
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Figure 11-The rate of appearance of free drug (0 0)  and glucuron- 
ide (0 B) in the uenous plasma as a function of the mean rate of 
bloodflow in two in vivopreparationsperfused with 


a composite barrier in which D may vary.6 The area of the mucosal 
surface is much greater than the area of the serosal surface due to 
villi and microvilli and is difficult to estimate. Metabolism in the 
tissue may alter the material balance of free drug in the barrier. 


When the rate out of the cell across the basal barrier is the rate- 
limiting step (& << klz), accumulation of drug in the tissue occurs. 
A steady-state approximation based on negligible quantities in the 
intestine, implicit in a barrier model, will not be valid. Following a 
single dose, disappearance of the drug from the lumen will be 
biexponential of the form7 


M SAM. 


Fl = Aleat - A2e-01 


F2 = Asear - A4e-01 


(Eq. 7) 


and 


(Eq. 8) 


The rapid initial rate of disappearance from the lumen which rep- 
resents the distributive phase between the lumen compartment and 
tissue compartment is not paralleled by a rapid rate of appearance 
of drug in the plasma. In fact, the opposite is true. An initial 
slow rate of appearance will be observed, resulting in an apparent 
lag time. During the distributive phase, measurements on the lumen 
alone will not be sufficient to characterize the rate of appearance of 
the drug in the blood. Accordingly, the lag time can be considered 
as the time to reach distribution equilibrium in the tissue compart- 
ment corresponding to the distributive phase. Apparent distribution 
equilibrium can be defined as follows : Apparent distribution equi- 
librium between two connected compartments is established during 
the time that the rate of change of the amount of drug in one 
compartment is proportional to the rate of change of the amount 
of drug in the other compartment. Following this definition, 
which will be termed "the proportional rates assumption," the 
following relationship exists 


dFz/dt = R(dFi/dt) (Eq. 9) 


where R is a proportionality constant. 


0 The difficulties of describing the intesfine by diffusion kinetics are 
apparent when one considers that the simplest compartment model 
consisting of two barriers (01 and p) would be equivalent to a diffusion 
model for a composite cylinder of two coaxial cylinders having cbf- 
ferent permeability constants. Crank (30) states that the extra parameters 
involved make numerical analysis quite formidable. 


7 A complete solution to these equations is given in Reference 31. 
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Figure 12-The cumulative amount of free drug appearing in the 
blood in in vivo intesrinal loops with complete uenous collection per- 
fused with 1 0 - 2  M (V,V, two trials), lo-3 M (@,e, two trials), and 


M (0, one trial) salicylamide in Krebs-Ringer bicarbonate 
solution. 


It might be noted that other definitions of distribution equi- 
librium have been proposed which are not applicable to the intestinal 
compartment model. Riggs (32) states that distribution equilibrium 
is achieved when the rate of transfer from Compartment 1 to Com- 
partment 2 equals the rate of transfer from Compartment 2 to 
Compartment 1. The condition given by Riggs, dFl+g/dt = dFz+i/dt 
for distribution equilibrium is applicable to the intestinal com- 
partment model only when ku = 0. Thus, if one accepts the defi- 
nition of absorption used in this paper, the condition of distribu- 
tion equilibrium given by Riggs would be valid only when there is 
no absorption. The basic relationship between the concentration 
in the reference region (Cl), total amount of drug in the two com- 
partments which are in apparent equilibrium, and the volume of 
distribution (VG) is the same for both the condition given by 
Riggs and the proportional rates condition-viz., Vii = ( R  + FZ)/Ci. 


Implicit in Eq. 9, the slopes of the amount-time curves must be 
proportional at each point in time during apparent distribution 
equilibrium. 


When kz3 is less than kI2, the e-at term in Eqs. 7 and 8 will ap- 
proach zero and the linear segments of the semilog plots of amount 
oersus time in Compartments 1 and 2 will be parallel in the mono- 
exponential phase. Thus, 


where B is the apparent hybrid rate constant obtained from the 
terminal linear segment of the semilog plot of amounts versus 
time in each compartment and Flo and F," are the extrapolated 
intercepts of these segments. 


This shows that the proportionality constant, R, is equal to the 
constant ratio of amounts of drug in Compartments 2 and 1, after 
apparent distribution equilibrium is achieved. 


These relationships are illustrated and verified by the analog com- 
puter plot shown in Fig. 13. Using these relationships, the identity 
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can be written 


F1 + Fz = C1V1 + RFI 


where Cl is the concentration of free drug in Compartment 1 and 
V, is the true volume of Compartment 1. Rearranging Eq. 1 1 ,  it is 
seen that the term Vl(R + 1) is equal to  V E ,  the apparent volume 
of distribution 


(Eq. 1 1 )  


When Vl: is constant, it is easily shown that only measurements 
on the concentration of drug in the first compartment (lumen 
contents) are necessary to describe the rate of appearance of drug 
in the third compartment since 


dF,/dt = VE dCildt (Eq. 13) 


After apparent distribution equilibrium is achieved, Compart- 
ments 1 and 2 may be considered one open functional compartment 
with a single volume of distribution ( VG). Thus, the rate of ap- 
pearance of drug in the blood can be followed after apparent 
distribution equilibrium by monitoring the lumen concentration 
only, providing metabolism does not occur. It is important to 
realize, however, that the apparent volume of distribution, Vi?, 
must be used rather than the actual lumen volume, VI, or the 
amount in the tissue will be ignored. 


Interpretation of Blood Flow Effects on Drug Transference-When 
the intestine cannot be considered as a simple barrier, the terms 
P, and A, lose physical significance and can be replaced by an 
intestinal transference term (5). Transference can be defined for a 
given unit of tissue as the rate of transport of unaltered substance 
from the initial compartment to the terminal compartment per 
unit concentration difference between the initial and terminal 
compartment. For in uitro intestinal transfer, the terminal com- 
partment will be the serosal fluid and transference will be identical 
to the tissue permeability coefficient as defined by Pappenheimer 
(33) in units of ml./min. per unit tissue. For irr uioo intestinal ab- 
sorption, intestinal transference will be dependent on both the 
tissue permeability and rate of mesenteric blood flow and is similar 
to the dialysis term used by Wolf to describe hemodialysis (34). 


When the rate of transport of free drug is diffusion rate-limited 
by the basal barrier and accumulation in the tissue occurs, the 
transference term will include the apparent volume of distribution 
term V l ~  as discussed in the previous section. 


The relationship between intestinal transference (3), tissue perme- 
ability (P) ,  and mesenteric blood flow ( V )  is given by the following 
equation (35): 


3 = i . ( l  - e-plk) = kVe  (Eq. 14) 


where 3 is the transference constant in units of ml./min., k is the 
apparent first-order rate constant (time-') for the transfer of amount 
of drug (F)E  from the combined mucosal fluid-tissue compartment 
to the serosal compartment. When the mucosal or tissue concen- 
tration is constant (CF,)  and much greater than the plasma con- 
centration and transfer is essentially unidirectional (transference 
is then a clearance term), the rate of appearance (dQ/dt) of the 
amount of free drug (Q) in plasma will be given by 


Thus, when P is very large relative to p, the exponential term 
approaches zero and dQ/dt .is proportional to blood flow as in the 
case of free drug. When V becomes large relative to P, dQfdt 
will become independent of blood flow as illustrated by the glucu- 
ronide. 


In view of these results, it might be assumed that intestinal blood 
flow will most likely influence intestinal absorption when: (a)  
the absorbed substance has a high permeability coefficient such as 
very lipoid-soluble drugs or pore-diffusible substances or (b )  the 
blood flow through the absorbing area is low. The blood flow 
through the absorbing area could be altered by changes in cardiac 
output, redistribution, or local arterio-venous shunting. These 


TIME 


Figure 13-Illustraiion of apparent distribution equilibrium by a i d o g  
computer model when tissue accumulation occurs. The top c i m m  
illustrate the parallel slopes .for lumen and tissue compartments in 
the monoexponential phuse in which distribution equilibrium, de- 
fined by dFs/dt = R(dF,fdt), exists where R, the ratio between Fz and 
FI becomes constant as shown in the bottom curues for tfiese cases. Rate 
constants (unit time-') for Case (a) were klz (0.3, kzl(0.5), kz3 (0.0, 
and Case (b) kls (0.5), kS1 (OS), kla (0.05). Metabolism is considered 
negligible (kfg = 0) .  


processes may be affected by pathological conditions, emotional 
state, food, or in fact, the drug itself. The intestinal vasculature is 
governed by sympathetic tone and many drugs such as sympatho- 
mimetics, ergot derivatives, and ganglionic blocking agents could 
conceivably reduce the effective flow through the absorbing region 
and reduce their own or the absorption of other drugs given con- 
comitantly. It is clear that the role of intestinal blood flow on 
intestinal absorption may be quite important and requires much 
further study. 


SUMMARY AND CONCLUSIONS 


Most previous studies on mechanisms of drug absorption have 
used in viuo methods which sample only disappearance of drug 
from the lumen rather than appearance of drug across the basal 
barrier into the blood. When transport across the basal barrier 
has been followed, it has been with in vitro preparations with non- 
functional blood circulation such as the isolated perfused intestine 
or everted intestinal sacs. 
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I n  the present study, both the rate of appearance of free salicyl- 
amide and salicylamide glucuronide into the mesenteric blood 
were measured directly by cannulating the mesenteric vein of 
exposed rabbit intestine and collecting all venous blood draining 
from the absorbing region. Using this technique, it was shown 
that the usual in uiuo measurements on the disappearance of drug 
from the lumen alone would be inadequate to characterize the 
appearance of free drug in the mesenteric blood due to accumulation 
and metabolism of drug in the tissues and the effect of mesenteric 
blood flow. 


The effect of intestinal glucuronide conjugation was found in this 
study to be quite significant, in vico. As much as 60% of the drug 
appeared in the blood as the biologically inactive glucuronide. 


When significant metabolism of the drug in the tissue occurs, 
measurements on the lumen alone will not be sufficient to predict 
the rate of appearance of free drug in the blood. When metabolism 
is capacity limited (i.e.,  shifts from first-order to zero-order) the 
apparent mechanism of absorption of free drug might erroneously 
appear to proceed by two different mechanisms if only disappearance 
from the lumen is followed. The disappearance from the lumen 
curves, at low doses, indicated that an apparent barrier model was 
applicable with no accumulation of free drug in the tissue. At larger 
initial doses, the glucuronide-forming system appeared to be satu- 
rated and kinetic evidence indicated accumulation of free drug, 
characteristic of the compartment model for absorption. Studies 
on tissue levels are now in progress to further evaluate this con- 
clusion. 


The mesenteric blood flow plays a significant role in the in viuo 
preparation. Comparison of the in citro and in viuo lag times shows 
that the presence of an intact mesenteric blood circulation in the 
in cico preparation reduces the lag time for appearance in the 
terminal compartment from about 10 min. to about 4 min. pre- 
sumably by obviating the extra diffusional barriers or reservoirs 
beyond the lamina propria which are present in the in cirro prep- 
aration. In addition to circumventing the submucosa and muscularis 
barriers, the rate of blood flow is also shown to play a role in the 
rate of transport of free drug across the basal barrier. The rate of 
transport of free drug across the in cico basal barrier was clearly 
blood flow rate-limited. The rate of transport of the more polar 
glucuronide across the basal barrier appeared to be diffusion rate- 
limited and independent of the rate of blood flow. The in uico rates 
of transport of free drug was five to ten times as great as those ob- 
served at the same initial mucosal concentration in the in uitro 
preparatioii. 


I n  citro methods such as the everted intestinal sac may provide 
an indication of relative permeabilities. However, permeability 
constants obtained with in citro methods will not necessarily reflect 
the permeabilities of the tissues in cico because of the extra barriers 
involved. I n  ci/ro procedures may also give useful information on 
capacity of the intestinal mucosal enzymes to metabolize drugs 
providing attention is given to the effect of experimental variables 
associated with this type of preparation. For example, the method 
of oxygenation, serosai sampling, and fluid loss due to peristalsis 
were found to greatly affect serosal glucuronide concentration. 


In conclusion, the barrier model, which assumes that the intestinal 
tissue barrier does not alter or contribute to the material balance 
of the system, should not be assumed in contemplating experimental 
design. Sampling from the lumen alone may be unsatisfactory 
to predict the rate of free drug in the mesenteric blood which is the 
most significant criterion for assessment of absorptive capacity. 
Methods which measure the rate of unaltered drug across the basal 
barrier, such as the intestinal loop with complete mesenteric blood 
collection, provide a useful experimental approach in studying the 
physiologic factors of absorption such as tissue accumulation, 
metabolism, and blood flow. 
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NOTES 


Some Derivatives of Phenethanolamine as MA0 Inhibitors 


J. N. WELLS and J. K.  SHIELDS* 


Abstract 0 A series of N-methyl and 0-alkyl phenethanolamine 
derivatives has been prepared and tested against monoamine 
oxidase in uitro. A substantial increase in MA0 inhibition over 
that of the parent phenethanolamine derivatives was noted in the 
o-benzyl analogs. 


Keyphrases 0 Monoamine oxidase inhibition in vitro-phenethanol- 
amine derivatives 0 N-Methyl, 0-alkyl derivatives-monoamine 
oxidase inhibition in vitro 0 Inhibition analysis-radioactive con- 
tent method 


A previous report (1) from these laboratories indi- 
cated that 2-phenethylamino-I-phenylethanol (Ia) and 
2-isopropylamino- 1-phenylethanol (Ib) were good 
monoamine oxidase (MAO) inhibitors in vitro. A more 
recent investigation has shown that the in viva duration 
of action of la is very short and characterized by potent 
CNS stimulant properties (2). 


C6H6-CH-CHr-NHR 
I 
OH 


I 
a, R = CHz-CHrC6Hs 
b, R = CH(CH& 


The purpose of the studies reported here was to im- 
prove the inherent MAO-inhibiting properties of la and 
Ib by structural modification. Based on the report ( 3 )  
that etherification of the hydroxyl group in a hydra- 
zinoalkanol series increased the in uiuo potency, the 
authors have prepared a few ether and N-alkyl analogs 
of Ia and Ib and tested their effectiveness against M A 0  
in vitro. 


LiAlH4 - C6Hs-CH-CHz-NHR 
I 


0 
I1 


C~HS-CH-CNHR 
I 
OR' 
IVa,b,c 


OR' 
Va,b,c 


a, R = CHZ-CHZ-C~HS, R' = CHz-CsHs 
b, R = CH(CH32, R' = CHz-CsHs 
c, R = CH(CH&, R' = CH3 


Scheme I 


CHEMISTRY 


Preparation of N-methyl derivatives of Ia and Ib was accom- 
plished by a standard reductive amination procedure (4). 


Synthesis of the desired amino-ethers (Va,b,c) was accomplished 
via the corresponding a-bromophenylacetamide (11) (Scheme I). 
a-Bromoamides have been shown to form a-lactams when treated 
with an alkoxide (5). It was assumed that the a-lactam was formed 
as an intermediate in this sequence since product ratios and yields 
under various conditions correspond to those predicted from studies 
of a-lactam reactivity (6). For example, a-lactam formation could 
have occurred when the appropriate a-bromoamide (11) was reacted 
with an equimolar amount of either sodium methoxide or benzoxide 
suspended in the respective alcohol or benzene. However, yields of 
the ether-amides decreased when benzene was the solvent. This 
would be expected from proposed ring opening mechanisms attrib- 
uting formation of the amino-ester (VI) to alkoxide attack on the 
carbonyl carbon of a-lactams and ether-amide (VII) formation to 
solvolysis of the a-carbon by an alcohol molecule (Scheme 11) 


One experiment was conducted in an attempt to isolate both the 
products expected if an a-lactam was involved. When N-phenethyl 
a-bromophenylacetamide (IIa) was reacted with an equimolar 
amount of sodium benzoxide in ether at room temperature, both the 
amino-ester (VI, R '  = CHZ-CGH~, R = CHZ-CH?-C~H~) and 
ether-amide (Nu) were isolated. In no other case was an attempt 
made to recover the amino-ester or to quantify the yield. It is 
interesting t o  note that in the reaction of sodium methoxide with 
IIa, only the amino-ester (methyl a-phenethylaminophenylacetate) 
was isolated. 


The desired amino-ether compounds (Va,b,c) were readily ob- 
tained by lithium aluminum hydride reduction of the corresponding 
ether-amides (IVa,b,c). 


In Vitro Monoamine Oxidase Inhibition-Inhibition of mono- 
amine oxidase in vitro was assessed by the method of Wurtman and 
Axelrod (9). The potential MA0 inhibitor and the substrate 
(2-14C-tryptamine) were incubated with rat liver homogenate. After 
a suitable length of time the deaminated product ( W-indolacetic 
acid) was extracted and counted for its radioactive content. The 
compoundswere screened at 5 X 10-4 Mconcentration as the hydro- 
chloride salt by using: 1 ml. of a M solution of the potential 
inhibitor, 0.625 ml. of phosphate buffer, 0.10 ml. (0.02 pc.) of 14C- 
tryptamine substrate, and 0.25 ml. of rat liver homogenate to give 
a final volume of 2 ml. The degree of inhibition was compared to 
5 X 


(5-8). 


M iproniazid standard. The results are given in Table I. 


EXPERIMENTAL 


Melting points were determined on a Buchi apparatus with open 
capillary tubes and are uncorrected. NMR spectra were obtained 
with a Varian Associates A-60-A spectrophotometer in CDC13 with 
tetramethylsilane as an internal standard. Combustion analyses were 
conducted by Galbraith Laboratories, Inc., Knoxville, Tenn. 
IR spectra were determined on a Perkin-Elmer model 21 spectro- 
photometer and were consistent with structures given. 


N-Methyl - 2 - pheneth ylamino -1-phenylethanol Hydrochloride- 
Formic acid (25.6 g. of 90%, 0.50 mole), formaldehyde (9.0 g. of 
40 %, 0.30 mole), and 2-phenethylamino-1-phenylethanol (24.1 g., 
0.10 mole) were reacted by standard procedures (4). The product 
was isolated as the hydrochloride salt and recrystallized from hex- 
ane-acetone to give a white solid (8.6 g., 30%), m.p. 153-154"; NMR 
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0 
R'O - II 


I---) Ar-CH-C-OR' 


I 
OR' 


VII 
Sriicrne I1 


(D20) 67.25 (m, 10, Ar), 5.25 (m, 1, CH), 3.22 (b m, 6, CHI), 2.95 
(s, 3, C W .  


And-Calcd. for C,,H&INO: C, 69.97; H, 7.60. Found: C, 
69.93; H, 7.76. 


N-Methyl-2 - isoprop ylamino - 1 - phenylethanol Hydrochloride- 
Formic acid (51.2 g. of 90%, 1.0 mole), formaldehyde (18.0 g. 
of 40%, 0.60 mole), and 2-isopropylamino-I-phenylethanol (35.8 
g., 0.20 mole) were reacted as above. Recrystallization of the hydro- 
chloride salt from hexane-acetone gave 16.5 g. (36%) of white 
solid, m.p. 134-135"; NMR (DIO) 67.4 (s, 5, Ar), 5.15 (t, 1, Cg) ,  
3.7 (m, 1, CH), 3.25 (d, 2, CH,), 1.27 (m, 6, CH,). 


Anal.-Calcd. for C12H&lNO: C, 62.73; H, 8.77. Found: C, 
62.86; H, 8.97. 


N-Phenethyl-a-benzoxyphenylacetamide (1Va)-Method A-N- 
Phenethyl a-bromophenylacetamide (1 1) (20.0 g., 0.06 mole) in 
150 ml. of benzyl alcohol was added over 1 hr. to a heated solution 
of sodium benzoxide (7.8 g., 0.06 mole) in 50 ml. of benzyl alcohol. 
The mixture was heated under reflux for 10 hr. and then filtered. 
The filtrate was added to water and extracted with ether. The dried 
organic extract was evaporated in uucuo and the residue distilled 
under reduced pressure to remove benzyl alcohol. The thick residue 
solidified after 2 days. The solid was recrystallized from hexane to 
give 5.0 g. (23%) of white crystalline solid, m.p. 86-88"; NMR 
(CDC1,) 67.25 (m, 9, Ar), 6.8 (b m, 1, NH), 4.75 (s, 1, CH), 4.40 
(d, 2, Cud,  3.5 (q, 2, NHCHz), 2.75 (t, 2, CHB). 


And-Calcd. for C23H23N02: C, 79.97; H, 6.71. Found: C, 
79.75; H, 6.33. 


Merhod B-N-Phenethyl-a-bromophenylacetamide (25.0 g., 0.08 
mole) in 100 ml. of benzene was added dropwise to a suspension of 
10.4 g. (0.08 mole) of sodium benzoxide in 100 ml. of benzene. 
After 24 hr. at room temperature the precipitate which had formed 
was removed and the filtrate was evaporated in vucuu. The solid 
residue was recrystallized from hexane to give 2.5 g. (975) of white 
solid identical to that obtained by Method A. 
N-Isopropyl-a-methoxyphenylacetamide (Nc)-Utilizing Method 


A above, N-isopropyl-a-bromophenylacetamide (40.0 g., 0.1 6 mole) 
was reacted to give 5 g. (15%) of recrystallized material, m.p. 
51-56"; NMR (CDCl,); 67.3 (m, 5, Ar), 6.43 (m, 1, NH), 4.51 
(s, 1, CH), 4.0 (t, 1, CHI, 3.3 (s, 3, OCHI), 1.15 (m, 6, CHI). This 
material was used without further purification. 


N-Phenethyl-dmzoxyphenylacetamide (IVa) and Benzyl-a- 
phenethylaminophenylacetate-To a solution of sodium benzoxide 
(13.0 g., 0.10 mole) in ether was added in one portion an ether solu- 
tion of N-phenethyl-a-bromophenylacetamide (32.0 g., 0.1 mole). 
After 1 hr. the solid was collected and discarded. Ethereal HC1 was 
added dropwise to the filtrate. The precipitate was recrystallized 
from acetone-ethanol (4:l) to give 2.3 g. (6.2%) of VI.HC1, 
m.p. 224-225". 


The ether filtrate was evaporated in uucuo. The resulting residue 
was treated with water and extracted with ether. The ether extracts 
were dried and evaporated to give an oil which could not be purified. 
The aqueous phase was chilled and a precipitate formed. The solid 
was recrystallized from hexane to give 1.0 g. (2.1 %) of N u .  


Attempted Synthesis of N-Phenethyl-8-methoxyphenethylamine 
Hydrochloride-Following Method B,N-phenethyl-a-bromophenyl- 
acetamide (32.0 g., 0.10 mole) was reacted with sodium methoxide 
(5.4 g., 0.10 mole) to give a crude solid, m.p. 222-225". Without 
further purification (7.5 g., 0.028 mole) was reacted with lithium 
aluminum hydride according to the general reduction procedure. 
The product obtained was found to be 2-phenyl-2-phenethylamino- 
ethanol hydrochloride, 1.7 g. (19%), m.p. 131-132"; NMR (CDCl,), 
66.40 (m, 10, Ar), 5.6 (m, 1, CH), 4.35 (m, 3, CH2-OH), 3.15 (m, 
4, CI-J-Ar, C&-N). 


Table I-Results of In Vifro Screening for MA0 Inhibition 
Using Rat Homogenate 


Compound Inhibition 


Iproniazid 
la  
Ib 
vu 
Vb vc 
&Methyl Ia 
N-Methyl Ib 


100 
36 =t 7a. * 
36. 
93 =t 2a 
70 =t 5" 
15 + 4a 
51 =t 4O 
24 =t 6 d  


0 Triplicate determinations reported as the mean and average devia- 
tion from the mean value. Found to be less active than previously re- 
ported ( 1 ) .  Dioxane was used in the earlier testing and if not properly 
purified would contain ethanol which has been reported to inhibit M A 0  
in uitro (10). c Single determination. d Duplicate determinations reported 
as the mean and average deviation of an individual result from this mean 
value. 


And-Calcd. for CI~H~OCINO: C, 69.18; H, 7.27. Found: C. 
69.47; H, 7.24. 


N-Pheneth yl-p-benzox ypheneth ylamine Hydrochloride (Va)-Gen- 
era1 Reduction Procedure-N-Phenethyl-a-benzoxyphenylacetamide 
(8.0 g., 0.023 mole) suspended in 200 ml. of dry ether was added in 
10-ml. portions to a suspension of lithium aluminum hydride 
(1.74 g., 0.046 mole) in 100 ml. of ether. The mixture was heated 
under reflux for 12 hr. and then 9.6 ml. of water was added. The 
resulting precipitate was removed by filtration and the ether filtrate 
dried. The ether was placed in a dry-ice acetone bath and dry 
ethereal HCl was added dropwise. The solid that precipitated was 
recrystallized from acetone-methanol (4 : 1) by cooling the solution 
to 0" to give 1.6 g. (19%) of pure Va.HC1, m.p. 136-137.5"; NMR 
(CDC13) 67.37 (m, 15, Ar), 5.15 (4, 1, CH), 4.5 (dd, 2, O-C&- 
Ar), 3.3 (m, 6, Cf+2-N-CH2-CH2-Ar). 


And-Calcd. for C23H26C1NO: C, 75.08; H, 7.12. Found: C, 
75.26; H, 7.21. 
N-Isopropyl-p-benzoxyphenethylamine Hydrochloride (Vb)-N- 


Isopropyl-a-benzoxyphenylacetamide (6.0 g., 0.021 mole) was 
reacted according to the general reduction procedure to give 1.3 g. 
(22%) of Vb, m.p. 188-189"; NMR (CDCl,) 67.4 (m, 10, Ar), 
5.17 (q, 1, CH), 4.5 (dd, 2, O--CH2), 3.33 (m, 3, CH, N-CHI), 1.5 
(d, 6, CH3). 


AnuL-Calcd. for ClsHzaCINO: C, 70.69; H, 7.91. Found: C, 
70.39; H, 7.90. 
N-Isopropyl-p-methoxyphenethyhmhe Hydrochloride (Vb)-N- 


Isopropyl-a-methoxyphenylacetamide (5.0 g, 0.024 mole) was re- 
acted according to the general reduction procedure to give 1.1 g. 
(20%) of Vc.HC1, m.p. 225-226"; NMR (DIO) 67.3 (m, 5, Ar), 
4.65 (m, 1, CH), 3.3 (m, 6, CH, N--C&, OCHI), 1.50 (d, 6, CH,). 


And-Calcd. for C12H20C1NO: C, 62.73; H, 8.77. Found: C, 
62.61, H. 8.69. 


DISCUSSION 


From Table I it can be observed that in uitro inhibition of MA0 
by the benzyl ether compounds Va and Vb was substantially in- 
creased over that of the parent compounds (Iu and Jb). It is interest- 
ing to note that the methyl ether of 2-isopropylamino-1-phenyletha- 
no1 causes a decrease in in uirro M A 0  inhibition from the parent 
compound which corresponds to observations in the hydrazinoal- 
kanol series of Schuler and Wyss (3). Methylation of the nitrogen 
of the parent compounds increased MA0 inhibition in one case 
(IIa) over the parent but decreased inhibition in relation to the 
parent with compound IIb. In viuo testing of these compounds will 
be carried out at a later date. 
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Some Cyclic Ketals and Acetals of 
Digitoxin, Digoxin, and Ouabain 


KHALID S. ISHAQ and OLE GISVOLD 


Abstract 0 A new and milder method has been utilized to re- 
investigate the preparation, properties, and biological activities of 
the mono-o-isopropylidene (acetonides) derivatives of digitoxin, 
digoxin, and ouabain. The preparation, properties, and biological 
activities of the mono-o-ethylidene derivatives of digitoxin and 
digoxin also are described. The latter derivatives show greater ac- 
tivity than the former. 


Keyphrases 0 Digitoxin, digoxin cyclic ketals, acetals-synthesis 0 
Ouabain cyclic ketals, acetals-synthesis 0 Bioanalysis-digitoxin, 
digoxin, ouabain derivatives 0 TLC, paper chromatography- 
separation, identification 0 UV spectrophotometry-identity 


In a previous publication the preparation and activi- 
ties of the mono-o-isopropylidene derivatives (glycoside 
acetonides) of digitoxin, digoxin, and ouabain have been 
reported (1). Their biological activities were much less 
than had been expected on the basis of their 
physical properties and, in the cases of digitoxin and of 
digoxin, the position of the isopropylidene group. Be- 
cause these activities were so unexpectedly low, a rein- 
vestigation of the preparation of these derivatives by 
much milder methods was sought and one such was 
found. Acetonation can be effected in a very short time 
at  room temperature uia the use of 2,2-dimethoxypro- 
pane, acetone, a trace of acid, and room temperature 
conditions. The yields are almost quantitative and de- 
rivatives readily can be crystallized. Bioassay of these 
derivatives prepared by this new, very mild method gave 
comparable results in the case of digoxin but not in the 
case of digitoxin or ouabain. The ease with which the 
isopropylidene derivatives (dioxolanes) of digitoxin 
and digoxin could be prepared via the use of  ketal- 
interchange techniques suggested the preparation of 
other cyclic ketals and cyclic acetals (dioxolanes) to 
test further the contribution to activity such derivatives 
might exert. Because the isopropylidene group, even 
though it was the simplest type of a cyclic ketal and on 
the terminal digitoxose residue, reduced activity so mark- 
edly that the preparation of a cyclic acetal as a second 
type of a dioxolane derivative was investigated. The 
ethylidene derivative readily could be prepared via 1,l- 
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dimethoxyethane, acetaldehyde, a trace of acid, and 
room temperature conditions. Bioassays of these ethyli- 
dene derivatives via LD50 intravenous assays in cats 
showed that mono-o-ethylidene digoxin had the same 
activity as that of acetyldigoxin whereas acetyldigitoxin 
was 2.35 times as active as mono-o-ethylidene digitoxin. 
Thus the activity (toxicity) of digitoxin was reduced to a 
greater extent by both types of derivatives than was the 
case with digoxin. Also it is of interest to note that 
the mono-o-ethylidene digoxin activity was the same 
as that of acetyldigoxin. 


In the case of digoxin, its usefulness is improved in its 
acetyl derivatives. Acetyldigoxin is considered by some 
to be the drug of choice because it is well absorbed 
orally, is less toxic to the CNS, and has a shorter 
duration of action than digitoxin or acetyldigitoxin. 
Acetyldigoxin was isolated directly from Digitalis Ianata 
by Hopponen and Gisvold (2) in 1952, and its good oral 
absorption properties in cats were first reported by 
White and Gisvold ( 3 ) .  


It now appears that the physical properties of the 
monoethylidene derivative of digoxin, i .e.,  R ,  value 
measuring liposolubility, should enhance its degree of 
absorption upon oral administration. Its toxicity and 
duration of action would depend in part upon its 
distribution and metabolism in vivo. This derivative is 
sensitive to hydrolysis at  condition below pH 7 but is 
quite stable above pH 7. Dioxolanes are usually stable 
in vivo and thus such derivatives of the cardiac gly- 
cosides might exert some interesting effects upon their 
metabolism in vivo. Increased stability without a signifi- 
cant increase in stereochemical bulk would be effected 
by the substitution of F for H in the ethylidene residue. 
Such investigations are now in progress, 


EXPERIMENTAL 


The details of some of the paper chromatographic techniques 
used in these studies have been previously described (4). Thin-layer 


I Marketed in Europe as Novadigal and Lanatilin. 
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Constituents from Gymnem sylvestre Leaves VI: 
Acylated Genins of the Gymnemic Acids- 
Isolation and Preliminary Characterization 


JOSEPH E. SINSHEIMER and G .  SUBBA RAO" 


Abstract 0 With the aid of a selective enzyme system, genins G, K, 
N, and gymnestrogenin were isolated and shown to be the agly- 
cones of gymnemic acids A-D, respectively. Genin G was found to 
be an acylated derivative of gymnemagenin containing formic, 
acetic, isovaleric, and tiglic acids, while genin K differed from G by 
the absence of the acetic acid residue. Genin N was observed to be 
gymnestrogenin tiglate. Genin J, probably an artifact originating 
from genin G, was also isolated and indicated to be gymnemagenin 
esterified with acetic, isovaleric, and tiglic acids. The sugar moieties 
of acids A and B are not acylated, while those of acids C and D 
are indicated to be esterified with ferulic acid. 


Keyphrases 0 Gymnema syluestre leaves-acylated genins, isola- 
tion Genins, acylated-G. syfuestre gymnemic acids 0 Paper 
chromatography-identity TLC-identity 0 IR spectropho- 
tometry-structure IJ GLC-identity 


In the preceding paper (I), the authors described the 
isolation and preliminary characterization of the major 
constituents, acids A-D, of gymnemic acid, the anti- 
sweet principle of Gymnema sylvestre R. Br. (Asclepia- 
daceae) leaves. Gymnemic acids A-D were shown to be 
acidic glycosides containing glucuronic acid as the sugar 
component, while acids C and D were also observed to 
possess glucose. This paper deals with further develop- 
ments in the structural elucidation of these gymnemic 
acids. 


Acidic or enzymatic hydrolysis of individual 
gymnemic acids yielded genin mixtures consistent with 
the presence of acylated genins in the parent glycosides. 
Characterization of neutral components, obtained after 
acidic and basic hydrolyses of individual acids A-D, 
was carried out to establish their genin structure after 
complete deacylation. Identification of carboxylic acids 
in the basic hydrolysates of gymnemic acids A-D was 
then performed to characterize further each gymnemic 
acid. A selective enzyme procedure, recently developed 
by Kapadia (2), was utilized to  secure the intact acylated 
genins of the gymnemic acids which were then available 
for structural investigation. A comparative study of the 
acylated genins obtained in this investigation with those 
isolated by Stocklin et al. (3) was also conducted. 


EXPERIMENTAL' 


Reagents-Firebrick (Gas-Chrom RA, 80/100 mesh) and neo- 
pentylglycolsuccinate, regular (HI-EFF) (both from Applied 
Science Labs.); /3-glucuronidase aryl sulfatase from Helix pomatia, 


1 Melting points were recorded on a Kofler hot stage and are un- 
corrected. IR spectra were taken on Perkin-Elmer spectrophotometer 
models 137B and 337. F&M model 700 gas chromatograph was em- 
ployed for GLC of carboxylic acids. Enzymatic hydrolyses were carried 
out in either a Precision constant-temperature water bath or a Pre- 
cision incubator maintained at the desired temperature. Microanalyses 
were performed by Spang Microanalytical Laboratory, Ann Arbor, 
Mich. 


B grade, 160,000 Fishman units/ml. (Calbiochem); and a commercial 
insecticide ("Real-Kill," Real-Kill Products, Division of Cook 
Chemical Co., Kansas City, Mo.). 


Paper Chromatography-Hydroxamic derivatives (4) (from 10 
mcg. of reference carboxylic acids and 10&500 mcg. of sample 
fractions) were spotted on Whatman No. 1 paper (57 X 19.5 cm.) 
and saturated for 16 hr. with the aqueous phase of solvent systems 
employed for development. Chromatograms were developed by 
descending technique to a distance of 48 cm. For analysis of 
hydroxamic derivatives of carboxylic acids, Solvent System A, 
n-butanol4imethyl formamide-water (9 : 1 : l), and Solvent System 
B, n-butanol-acetic acid-water (4 : 1 : 5) (4), were employed. Ferric 
chloride spray reagent was used to visualize hydroxamic acids on 
chromatograms (4). 


Thin-Layer Chromatography-Silica gel G TLC of the genins was 
performed as in the case of the gymnemic acids (1). Solvent Systems 
I-IV are described in Table I. Ceric sulfate-sulfuric acid reagent 
(6) was used as the chromogen. 


Identification of ferulic acid by silica gel G TLC was carried out 
in the following solvent systems: V, ethanol-water-ammonium 
hydroxide (90:25: 4); VI, benzene-dioxane-acetic acid (90:25: 4); 
and VII, n-butyl ether (water-saturated)-acetic acid (10: 1) (7). 
Detection of ferulic acid on chromatograms was by spraying with 
diazotized sulfanilic acid reagent (8). 


Gas-Liquid Chromatography-Preparation of a stationary phase 
of firebrick (Gas-Chrom RA, 8O/lOO mesh) treated with 10% 
neopentylglycolsuccinate and 2% phosphoric acid, and packing 
of columns t1.52 m. X 0.32 cm. (5 ft. X 0.125 in.) copper] were 
carried out as described in the literature (9-1 1). Columns were con- 
ditioned for 12 hr. as follows: oven temperature, 195"; detector 
temperature, 200" ; injection port temperature, 200°, and carrier gas, 
helium, at 40 p s i .  Carboxylic acids (sample size: reference acids, 
15 mcg.; sample fraction, -200 mcg.) were chromatographed under 
the following conditions: oven temperature, 125"; detector tem- 
perature, 210"; injection port temperature, 200"; carrier gas, helium, 
60 ml./min. (80 psi.); hydrogen, 50 ml./min. (16 psi . ) ;  air, 380 
ml./min. (16 psi.); attenuation, 1; and range, 50. 


Acidic Hydrolysis-Thirty-milligram quantities of the gymnemic 
acids were refluxed with 4 ml. of 3 N ethanolic hydrochloric acid for 
72 hr. The warm hydrolysates were treated with 5 mg. of activated 
charcoal* and concentrated to 3 ml. The concentrates were diluted 
with water to precipitate genins which were collected by centrifuga- 
tion after l hr. of refrigeration. After washing with water twice, genin 
precipitates were dried to yield white residues weighing 12-15 mg. 
TLC Systems 1-111 (Table I) were employed to analyze these genin 
residues. 


Basic Hydrolysis and Identification of Carboxylic Acids-Basic 
hydrolysis of gymnemic acids was performed by refluxing 20-mg. 
samples in 5 ml. of 5 % methanolic potassium hydroxide solution 
for 2 hr. Cooled reaction mixtures were poured into 10-ml. portions 
of water and precipitated genins were filtered off. After removal of 
methanol from alkaline filtrates in uacuo, they were acidified with 2 N 
sulfuric acid and extracted with ether (6 X 10 ml.). Ether extracts 
were dried over anhydrous sodium sulfate, filtered, and evaporated 
to dryness in uucuo. Yellow oily residues weighing 4-7 mg. were 
obtained in each case. These residues were dissolved in minimal 
amount (-0.1 ml.) of either ether or methanol, and 3-6 pl. of these 
fractions were analyzed for the presence of free carboxylic acids by 
GLC. Table I1 summarizes GLC results. Identification of ferulic acid 
was carried out by TLC in Solvent Systems V-VII. 


Methyl esters of carboxylic acids present in these described 
fractions were prepared by treatment with diazomethane (1 2) and 


* Norit, American Norit Co. 
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Table I-Thin-Layer Chromatography of the Genins 
~ 


-Rf Value in Solvent Systemo- 
Genin I I1 111 IV 


Table II-Gas-Liquid Chromatography of the Carboxylic Acids 
from the Gymnemic Acids 


Acid R1, m h 5  


G 0.64 0.63 0.70 0.73 
J 0.55 0.49 0.62 0.67 
K 0.47 0.38 0.54 0.63 
N 0.39 0.35 0.50 0.61 
Gymnestro- 


genin 0.32 0.16 0.44 0.56 
Gymnema- 


genin 0.23 0.10 0.27 0.40 


Formic, aceticb 
Propionic 
Isobutyric 
n-Butyric 
Isovaleric 
Tiglic 
Unidentified 
Unidentified 


1.57 
2.51 
3.06 
4.15 
4.93 


10.81 
20.05 
21.54 


Solvent Systems: I, benzene-methanol-acetic acid (45 : 8 : 4) (5); 
11, chloroform-methanol (9 : 1) (3); 111, benzene-chloroform-methanol 
(5  : 8: 3); and IV, benzene-methanol (7: 3). 


then converted to hydroxamic acids by reacting with hydroxylamine 
according to the procedure of Bayer and Reuther (4). These hydrox- 
amic acids were analyzed by PC in Solvent Systems A and B for 
the presence of formic and acetic acid derivatives. 


Results of these chromatographic identifications of carboxylic 
acids in the hydrolysates of various gymnemic acids are given in 
Table 111. 


Isolation of Genins-Gymnemagenin-Gymnemic acid A (30 mg.) 
was refluxed with 5 ml. of 8% sulfuric acid in 50% aqueous ethanol 
for 6 hr. The reaction mixture was then concentrated to about 1 ml. 
in uacuo and poured into 20 ml. of ice water. The precipitated mate- 
rial was collected by centrifugation, dried, and refluxed with 5 ml. of 
5 % methanolic potassium hydroxide for 6 hr. Concentration of the 
reaction mixture to about 1 ml. and pouring into 20 ml. of ice water 
yielded 18.1 mg. of a white residue. Recrystallization of this residue 
from chloroform-methanol gave gymnemagenin as white needles, 
m.p. 329.5-331 O [lit. (3) m.p. 328-335"l; v:::. 3450 (0-H), 2900 
(C-H), 1635 (trisubstituted C=C), 1250 (H-bonded 0-H), 1070 
and 1040 cm.-l (C-0 or C-OH). 


Anal.-Calcd. for CtoHsooe: C, 71.11; H, 9.95. Found: C, 70.95; 
H, 9.91. 


Identity of gymnemagenin with that isolated by Reichstein's 
group (3) was established by undepressed mixed melting point, 
superimposable IR spectra, and TLC in Solvent Systems I-IV. 


Gyrnnestrogenin-To a suspension of 10 mg. of gymnemic acid D 
in 10 ml. of water, 0.1 ml. of B-glucuronidase (Helix pomatia) 
preparation and 2 drops of insecticide (Real-Kill) were added and 
kept at 40 f 1 O for 5 days. The enzyme digest was then boiled for 
1 min., cooled, diluted with 50 ml. of ethanol, and filtered through a 
bed of diatomaceous earth.3 The filtrate was evaporated in vucuo and 
the residue obtained was extracted with chloroform (4 X 10 ml.). 
Pooled chloroform extracts, upon removal of solvent, gave 2.9 mg. 
of a white residue which was recrystallized from chloroform- 
methanol to yield fine needles of gymnestrogenin, m.p. 286288" 
[lit. (13) m.p. 288-289"l; YE'. 3470 (0-H), 2945 (C-H), 1635 
(trisubstituted C=C), 1070 and 1040 cm.-l (C-OH). 


Gymnestrogenin was observed to be homogeneous by TLC in 
Solvent Systems I-IV and identical to a reference sample (13) by 
TLC, undepressed mixed melting point, and superimposable IR 
spectra. 


Genin G-To a suspension of 100 mg. of gymnemic acid A in 50 
ml. of water, 0.2 ml. of 0-glucuronidase (Helixpornutia) and 5 drops 
of insecticide were added and kept at 40 f 1 for 5 days. Isolation 
of 34.6 mg. (34.6%) of hydrolysis product was carried out as in the 
case of gymnestrogenin. This product was observed to be homo- 
geneous by TLC in Solvent Systems I-IV. Recrystallization of the 
hydrolysis product from petroleum ether-chloroform gave genin G 
as shiny white crystals, m.p. 164-166"; v:::. 3450 (0-H), 2960 
(C-€I), 1740 (C=O), 1460 and 1385 (side-chain methylene and 
methyl of -CH2-O-COCH3, respectively), 1260 (H-bonded 
0-H), 1080 and 1040 cm.-l (C-OH). 


Anal.-Calcd. for C43Hee011: C, 69.51; H, 8.95. Found: C, 69.52; 
H, 9.11. 


Genin J-A 450-mg. sample of the parent gymnemic acid mixture 
isolated by the ethyl acetate procedure (1)  was dissolved in 150 ml. 
of 0.01 N potassium bicarbonate, 1 ml. of P-glucuronidase (Helix 
pornatia) preparation added, and kept at 37 f 0.5" for 5 days (3). 


3 Celite 535, Johns-Manville Co. 


~ ~ 


.Relative to solvent front. Ferulic acid could not be chromato- 
graphed under the conditions employed. b Identification of these two 
acids was accomplished by paper chromatography of their hydroxamic 
acid derivatives (3, 4). 


The enzyme digest was then diluted with 750 ml. of ethanol, filtered 
through a bed of diatomaceous earth and the filtrate evaporated 
in uucuo to yield 398.7 mg. of a pale-yellow residue. This residue was 
found by TLC (Table I) to be a mixture composed of genins G, J, 
K, gymnestrogenin, and gymnemagenin. 


A 2.6-mg. quantity of genin J was isolated from the above genh 
mixture by preparative TLC4 using Solvent System I1 for develop- 
ment. Recrystallization from petroleum ether-chloroform yielded 
genin J as white crystals, m.p. 195-196" [lit. (3) m.p. 193-196'1; 
YE::. 3450 (0-H), 2960 (C-H), 1740 (C=O), 1460 (side-chain 
methylene), 1390 (side-chain methyl), 1260 (H-bonded 0-H), 1080 
and 1040 cm.-* (C-OH). Genin J was found to be homogeneous 
by TLC in Solvent Systems I-IV. 


Genin K-To a suspension of 20 mg. of gymnemic acid B in 10 ml. 
of water, 0.1 ml. of /3-glucuronidase (Helix pomatia) and 2 drops of 
insecticide were added and kept at 40 f 1 for 5 days. Isolation of 
genin K from the hydrolysate was carried out as described for 
gymnestrogenin. A yield of 6.1 mg. of genin K was obtained. 
Recrystallization from petroleum ether-chloroform gave genin K 
as white crystals, m.p. 146-148"; v;::, 3450 (0-H), 2950 (C-H), 
1710 (C=O), 1455 and 1390 (side-chain methylene and methyl, 
respectively), 1265 (H-bonded 0-H), 1080 and 1045 cm.-l 
(C-OH). Genin K was observed to be homogeneous by TLC 
in Solvent Systems I-IV. 


Genin N-A 10-mg. quantity of gymnemic acid C was subjected to 
enzymatic hydrolysis with the selective 0-glucuronidase (Helix 
pomatia) preparation as described in the isolation of genin K. 
The hydrolysis product (3.6 mg.) was found to consist of genin N 
with trace amounts of genins G and K, based upon TLC in Solvent 
Systems I-IV. 


RESULTS AND DISCUSSION 


Detection of the Acylated Genins-St6cklin et al. (3) observed 
that hydrolysis of their gymnemic acid A mixture6 by the snail 
(Helix pomatia) Bglucuronidase yielded a genin mixture composed 
of genins G, J, K, and gymnemagenin. A direct TLC comparison of 
this genin mixture with that obtained during similar enzymatic 
hydrolysis of gymnemic acid A from these studies established the 
two genin mixtures to consist of identical components. Also, TLC 
analysis of nonsugar fractions secured by acidic hydrolysis of 
gymnemic acids A-D from these studies revealed them to be 
mixtures of closely related genins. 


The production of genin mixtures during acidic hydrolysis of the 
gymnemic acids is consistent with the reported (3) presence of acyl 
groups which would undergo partial hydrolysis in acid medium 
(14). Indeed, when the genin mixture resulting from gymnemic acid 
A was refluxed with 5 methanolic potassium hydroxide solution, 
it yielded a single compound, gymnemagenin,6 in a completion of 


4 E. Merck silica gel GF  254 preparative plates (thickness 2 mm.). 
6The Reichstein group described this mixture to be composed of 


acids Al-A4, of which acids A1 and Az were found to be identical to 
the authors' acids A and B (1). 


8 Gymnemagenin was found to be identical to a reference sample 
isolated by Reichstein's group (3) by TLC, undepressed mixed melting 
point, and superimposable IR spectra. Structure I has been recently 
assigned for gymnemagenin (15, 16). 
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Table II-Constituents of Gymnemic Acids A-D 


Carboxylic Acidsa in 7 


Gym- c Aglycone----- 
nemic Acylated Parent Sugar Iso- 


A Glucuronic G Gymnema- None + + + + 


B Glucuronic K Gymnema- None + + + 
C Glucuronic N Gymnestro- Ferulicb +b 


Acid Sugar Aglycone Genin Residue Formic Acetic valeric Tiglic 


acid g e m  
J Gymnema- - 


genin 


acid genin 


acid genin 


acid genin 


+ + + 


Glucose 


Glucose 


D Glucuronic - Gymnestro- Ferulic 


a Results obtained from alkaline hydrolysis of genins G, J, and K have been supported by preliminary NMR and mass spectrometric studies (26). * This distribution of ferulic and tiglic acid is deduced by comparison to gymnemic acid C and not by direct identification of the acids in the hydroly- 
sate of genin N. 


the hydrolysis. Alkaline hydrolysis of the genin mixture obtained by 
the Swiss investigators also gave them gymnernagenin. Similarly, 
acidic and basic hydrolyses of gymnemic acid B afforded gymne- 
magenin, while acids C and D upon identical treatment produced 
gymnestrogenin? Chromatographic examination of alkaline hy- 
drolysates of the gymnemic acids confirmed the presence of car- 
boxylic acids, thus establishing these glycosides to be acylated 
derivatives. 


Identification of the Carboxylic Acids-From the hydrolysate 
obtained after enzymatic and alkaline hydrolyses of their gymnemic 
acid AI-A~ mixture, Reichstein's group (3) identified formic, acetic, 
n-butyric, isovaleric, and tiglic acids by GLC and PC. Gymnemic 
acid A (the present authors' designation), when subjected to a similar 
detection procedure, revealed the presence of formic, acetic, iso- 
valeric, and tiglic acids in the basic hydrolysate, while gymnemic 
acid B yielded all these acids except acetic acid. Ferulic and tiglic 
acids were found in the alkaline hydrolysate of gymnemic acid C 
while acid D yielded only ferulic acid. The basic hydrolysate of the 
ethyl acetate parent mixture (1) of gymnemic acids A-D was also 
examined by GLC and PC. In addition to those compounds given 
above as arising from acids A-D, trace amounts of n-butyric (as 
noted by the Swiss investigators), isobutyric, propionic, and two 
unidentified acids were detected (Table 11) 


Isolation of the Acylated Genins-Dur ing enzymatic hydrolysis 
of their gymnemic acid A mixture, Stocklin et al .  (3) found that 
cleavage of acyl groups present in these glycosides had occurred 
along with liberation of glucuronic acid. These investigators indi- 
cated that this cleavage of acyl groups could be due to either 
saponification under the alkaline condition (0.01 N potassium bi- 
carbonate) employed or to the action of esterase enzymes known to 
be present in snail 0-glucuronidase preparations (3, 17-19). In the 
present investigation, hydrolysis of individual gymnemic acids 
by similar enzyme preparation8 in neutral solutions also 
cleaved acyl groups along with glycosidic linkages. This suggested 
esterase activity of the P-glucuronidase preparation to be responsible 
for the hydrolysis of acyl groups. 


During a structural elucidation of the cardenolide glycoside, 
acospectoside A, Kapadia (2) recently developed a procedure for a 
selective enzymatic hydrolysis of the glycosidic linkage in the pres- 
ence of an acyl group. This was accomplished by inhibiting esterase 


Gymnestrogenin was observed to be identical to a reference sample 
isolated by Stocklin (13) directly from the leaves of G. sylvestre and 
he has also designated Structure I1 to this compound. 


The 8-glucuronidase preparation from the snail, Helix pomatia, 
has been demonstrated to effect the cleavage of &linked D-glucose (20) 
as well as D-glucuronic acid (21) present in several steroid and triter- 
penoid glycosides. In addition, this snail enzyme preparation has been 
found to cleave D-glUCOSe residues from various glycosides that were 
resistant to similar hydrolysis by other enzymes known to cleave 8- 
linked D-glucose, e.g., strophanthobiase (20, 22, 23). It may be men- 
tioned here that gymnemic acids A-D could not be hydrolyzed by 
either 6-glucuronidase (bovine liver) or 8-glucosidase (almond emulsion) 
preparations (24). 


. ,  
1 


P 


I, R = O H  
11, R = H  


activity of the enzyme preparation through addition of a few 
drops of the insecticide which contains an esterase inhibitor, 
O,O-dimethyl-O-(2,2-dichlorovinyl) phosphate (DDVP) (25). In the 
present investigation, a similar selective enzyme system made from 
the commercial 8-glucuronidase (Helix pornaria) preparation was 
also found to cleave selectively glycosidic linkages in the gymnemic 
acids. 


By use of this selective enzyme preparation, gymnemic acids 
A, B, and D were observed to produce single genins G,  K, and 
gymnestrogenin, respectively, in neutral solutions at 40 f 1 '. How- 
ever, if hydrolysis was allowed to proceed beyond 6 days, degrada- 
tion products of the initially formed genins also appeared. Accord- 
ingly, crystalline genins G, K, and gymnestrogenin were isolated 
from the corresponding enzyme digests by allowing hydrolysis to 
proceed for 5 days. Similar hydrolysis of gymnemic acid C yielded a 
new genin, N,g as a major product with trace amounts of genins G 
and K. The latter two genins can be assigned to traces of acids A 
and B originally present in the gymnemic acid C sample employed. 
These enzymatic hydrolyses were followed by TLC in Solvent System 
11. 


Stocklin ei ul. (3) attempted to isolate the acylated genins from 
the snail enzyme hydrolysate of their gymnemic acid A mixture by 
silicioacid chromatography. This resulted in the isolation of genin 
J in crystalline form, m.p. 193-196", while genins G and K were 
obtained as amorphous solids. However, the latter two genins 
yielded crystalline acetate derivatives. 


Due to its apparent structural similarity and potential utility in 
the structure proof of the acylated genins, genin J was also isolated 
in this investigation. This was accomplished by preparative TLC 
from the genin mixture obtained by nonselective enzymatic hy- 
drolysis of the parent mixture of acids obtained by the ethyl acetate 
procedure (1). 


Characterization of Acyl Functions-Reichstein's group (3), 
based upon elemental analysis and the identification of carboxylic 
acids in their gymnemic acid mixture, postulated gymnemic acid A1 


9 Naming of the new aglycone, genin N, i s  a continuation of Stock- 
lin's nomenclature (13). 
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(the present authors’ acid A), C4BH74016, to be the glucuronide of 
gymnemagenin containing 1 mole of formic, acetic, isovaleric, and 
tiglic acids through ester linkages. Similarly, genin J, C40H6406, was 
hypothesized to be mono-o-isovaleryl-mono-o-tiglyl-gymnemagenin. 
Except for the IR spectra, no further work on genins G, J, K, and 
their acetates has been reported by Reichstein’s group. 


The present authors’ experiments utilizing the selective enzyme 
preparation clearly established genins G, K, N, and gymnestrogenin 
to be the aglycones of gymnemic acids A, B, C ,  and D, respectively. 
Basic hydrolysis of genins G ,  J, and K showed them to be acylated 
derivatives of gymnemagenin, while similar hydrolysis of genin N 
proved it to be an acylated derivative of gymnestrogenin. These rela- 
tionships are summarized in Table 111. It may be noted that genin J 
differs from genin G only by absence of a formyl group. It is sug- 
gested that genin J arises primarily as an artifact of the further 
hydrolysis of genin G rather than from a minor gymnemic acid. 
This is based upon the isolation of genin G in significant yields 
after nonspecific enzymatic hydrolysis of the ethyl acetate-extracted 
acids, a fraction relatively free of minor gymnemic acids. 


A distribution of carboxylic acids between sugar and aglycone 
portions of gymnemic acids A-D is also indicated in Table 111. Basic 
hydrolysis of both gymnemic acid A and genin G yielded identical 
mixtures of formic, acetic, isovaleric, and tiglic acids. Similarly, 
alkaline hydrolysis of gymnemic acid B and genin K gave identical 
carboxylic acid mixtures (formic, isovaleric, and tiglic acids). This 
deleted the possibility of hydroxyl groups in the sugar moieties of 
gymnemic acids A and B being esterified. However, since gymnemic 
acid D yields gymnestrogenin upon selective enzyme treatment and 
liberates ferulic acid only after its basic hydrolysis, it is indicated 
that ferulic acid is present in the sugar part of this glycoside. Based 
upon the similarity between gymnemic acids C and D, both in their 
genin and sugar portions, it is postulated that the ferulic acid found 
in the basic hydrolysate of acid C is also present in the sugar 
residue of this acid. However, an identification of carboxylic acids 
in a basic hydrolysate of genin N, the aglycone of gymnemic acid C, 
has not been carried out due to a lack of pure sample. 


Investigations directed toward the position assignment of acyl and 
sugar residues in the basic genin structure of gymnemic acids A-D 
are currently in progress. 
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Inhibition of Sulfathiazole Crystal Growth 
by Polyvinylpyrrolidone 


A. P. SIMONELLI, S. C. MEHTA, and W. I. HIGUCHI 


Abstract The results of polyvinylpyrrolidone inhibition of sulfa- 
thiazole single crystal growth are presented. It was found that the 
minimum concentration of polyvinylpyrrolidone required to inhibit 
completely crystal growth was a linear function of the supersatura- 
tion ratio with an intercept of ~ 1 . 1 5  exhibited on the latter axis. 
It was also found that the minimum concentration of polyvinyl- 
pyrrolidone required for complete inhibition of crystal growth was 
a function of the molecular weight of polyvinylpyrrolidone used 
for the inhibition study. The results of inhibition studies using 
molecular weights of polyvinylpyrrolidone of 10,000, 40,000, and 
360,000 are presented. The data suggest that the inhibition point 
depends on the relative rates of transport of polyvinylpyrrolidone 
and sulfathiazole to the crystal surface from the bulk ofthe solution. 
A model is presented that appears to be consistent with the data. 


Keyphrases 0 Sulfathiazole crystal growth-polyvinylpyrrolidone 
effect 0 Crystal growth, sulfathiazole-mechanism, polyvinyl- 
pyrrolidone inhibition 0 Polyvinylpyrrolidone molecular weight 
effect-sulfathiazole crystal growth 0 Model, kinetic-polyvinyl- 
pyrrolidone effect, sulfathiazole crystal growth 


The growth of crystals may create undesirable changes 
in many pharmaceutical preparations such as suspen- 
sions for intramuscular or subcutaneous injection, oral 
suspensions, suppositories, and ointments containing 
undissolved drug particles. Crystal growth may cause 
these preparations to  change drastically their particle- 
size distribution. Associated crystal growth formulation 
problems include adverse changes in syringeability, 
dispersibility, and irritability to the patient upon ad- 
ministration (1-3). 


Crystal growth may also play an important role in 
polymorphic reversions. When polymorphism is present, 
the various crystal modifications of solid drugs can 
exhibit drastically different physical characteristics. 
Most important of these characteristics from a drug- 
availability standpoint are differing solubilities and 
dissolution rates as they can significantly alter im- 
portant pharmacokinetic factors such as rates of absorp- 
tion, drug availability, and resulting physiological con- 
centrations. Since the higher energy crystal form of the 
drug exhibits higher activity, maintaining the physical 
stability of the high energy polymorphic form of drugs 
in suspension despite their instability becomes very im- 
portant and has posed many problems to  formulators. 
The importance of this problem is compounded by the 
fact that the reversion of the unstable form to the more 
stable form produces a less soluble form of the drug and 
in doing so increases the rate of crystal growth due to the 
resulting higher supersaturations. Such changes are 
realized if the unstable modification is exposed to  the 
conditions of temperature and solvent (4-7) which 
permit rapid crystal growth of the more stable phase. 
Unless there is inhibition, such changes may lead to  


marked variances in a formulation’s performance as a 
physical or drug delivery system. 


Crystal growth and the associated polymorphic re- 
versions have been extensively studied, and it has been 
found that a number of additives such as polymers 
and surfactants prevent these undesirable changes in 
pharmaceutical preparations (8-10). A survey of the 
literature, however, shows thst very little is known re- 
garding the role played by these agents in these 
situations except for their classifications as dispersion or 
suspending agents. Recognizing the need for studies de- 
signed to  shed some light on the mechanism of this 
phenomenon, this study was initiated as a logical exten- 
sion of the previous investigation regarding the growth 
of single crystals. While this report deals only with the 
sulfathiazole-polyvinylpyrrolidone (PVP) system, the 
underlying principles are sufficiently general to be ex- 
trapolated to other drug-polymer systems. Sulfathiazole 
was chosen because it has exhibited polymorphic be- 
havior and is widely used as a suspension. 


APPARATUS AND PROCEDURE 


The apparatus and procedure used to study crystal growth rates 
have been described in another communication (1  1). The effect of ad- 
ditives upon the rate of crystal growth was determined by adding 
polymer in increments as a function of time through a sampling hole 
in the container lid. A stopwatch was used to obtain the time of each 
measurement of the crystal dimension and the time of inhibitor addi- 
tion. 


RESULTS AND DISCUSSION 


Since the growth of the long axis of a single crystal of sulfathiazole 
in the absence of inhibitor must serve as a base line and integral part 
of this study, Fig. 1, which illustrates the growth rate of sulfathiazole 
as a function of the supersaturation ratio (ll),  is included. The 
supersaturation ratio, S, is the supersaturated solution concentra- 
tion of sulfathiazole divided by the solubility of sulfathiazole. Figure 
1 shows that the crystal growth rate of sulfathiazole is a linear func- 
tion of the supersaturation ratio at higher supersaturations and that 
extrapolation of the linear portion of the curve yields an intercept on 
the supersaturation ratio axis at about a value of 1.15. Below a 
supersaturation ratio of 1.15, crystal growth may occur and may be 
surface controlled (1  1). Figure 1 also clearly shows that the stirring 
rate exerts a strong influence on the observed crystal growth rate 
above this supersaturation ratio and strongly indicates that in this 
region the growth rate must be diffusion controlled. 


The effect of addition of PVP to the supersaturated solution was 
next investigated. It was found that the resulting effect on the 
sulfathiazole crystal growth rate was dependent upon the concentra- 
tion of PVP in solution. To investigate this aspect further the poly- 
mer was added in lambda increments as a function of time. Between 
additions of polymer, the length of the crystal was also measured as a 
function of time and in this way the effect of PVP on the growth rate 
was established. Figure 2 shows typical results of such an experi- 
ment. The crystal length is plotted uersus time and each arrow indi- 
cates the time of an addition of a solution of PVP by means of a 
lambda pipet. Interestingly the direction as well as the magnitude of 
the PVP effect was apparently dependent on the PVP concentration. 
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Figure 1-Crystal growth of sulfathiazole in water along the long 
axis as a function of supersaturation at different stirring speeds. 
Key: A, 10 r.p.m.; @, 150 r.p.m.; and 0,400 r p m .  


The initial additions of PVP showed no apparent effect; then further 
additions of PVP apparently decreased the growth rate; the rate of 
growth then apparently increased with other additions of PVP; 
and finally, still further additions of PVP caused complete crystal 
growth inhibition. This experiment was repeated a large number of 
times, and the results showed that this behavior was qualitatively 
reproducible, i.e., the acceleration of growth before complete inhibi- 
tion. The rate of acceleration, however, was not quantitatively re- 
producible. The reason for this becomes apparent if the growth pat- 
tern of the crystal is noted during the experiment, because the addi- 
tion of PVP not only caused changes in the rate of crystal growth but 
also caused changes in the growth pattern. This is illustrated in Fig. 3 
which shows the appearance of the crystals at various stages of the 
experiment. Initially the crystal face outline has smooth linear lines 
which converge to sharp points. This outline is maintained during its 
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Figure 2-A typical plot of crystal growth of sulfathiazole as a func- 
fion of time, with incremental addirions of PVP to the solution 
made also as a function of time. Each arrow indicates the time 
of addition ofPVP solution in lambda increments. 
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Figure 3-Appearance of crystal surface outline at various stages of 
the experiment: A ,  original crystal at t = 0; B,  after normal growth; 
and C, after the addition ofPVP, showingpolymer inhibition. 


enlargement as crystal growth proceeds in the absence of PVP. After 
the addition of PVP, however, the smooth linear lines during the 
accelerated growth period are replaced by randomly jagged lines 
which converge to indefinite intersection points. These intersection 
points are rounded as opposed to the sharp points previously ob- 
served. 


Although the accelerated growth rate was not quantitative, the 
point of complete inhibition was reproducible and indicated that it 
would provide meaningful data regarding the influence of PVP. For 
this reason the minimum concentration of PVP for complete inhibi- 
tion was noted as a function of the supersaturation ratio (Fig. 4). 
The relationship shown by Fig. 4 appears to be linear with an x-axis 
intercept and, as expected, it shows that higher PVP concentrations 
are needed as the supersaturation increases. It should be emphasized 
that each point plotted in Fig. 4 was the result of a large number of 
PVP additions to the solution with subsequent observation of the 
crystal length between additions to determine its rate of crystal 
growth. When the crystal ceased to grow, the sum of the PVP addi- 
tions was calculated and the PVP concentration in the solution 
determined. This value was checked by mounting a new crystal and 
exposing it to the above inhibitory concentration of PVP to elimi- 
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Table I-Comparison of PVP Equivalent and Molar 
Weights Needed for Crystal Growth Inhibition 


-----Ratio of Slopes"----- 
Equiv. Weight Molar Weight 


PVP Molecular Weight Basis ( +)b Basis (cry 


10,000 1 .oo 1 .oo 
1.49 0.31 
4.30 0.12 


40,000 
360,000 


Relative to the 10,000 molecular weight slope. b Ic., also equal to the 
number of equivalents needed for inhibition relative to the 10,000 
molecular weight PVP. c a, also equal to the number of moles needed 
for inhibition relative to the 10,000 molecular weight PVP. 


nate the possible error of dilution introduced by the frequent addi- 
tion of PVP in the initial experiment. 


As a result the values of the minimum concentration of PVP for 
complete inhibition plotted in Fig. 4 should be considered only as 
upper limits as the process of adding discrete amounts almost as- 
sures some degree of overshooting the minimum value. To eliminate 
or to decrease significantly the magnitude of this overshoot would 
require a countless number of additional experiments for each point. 
However, this was not done as the data at hand are sufficiently precise 
to provide firm establishment of the model which will be subse- 
quently proposed. 


This inhibition was further investigated to include the effect of 
PVP molecular weight. Figure 4 shows the resulting plots from dif- 
ferent experiments using PVP molecular weights of 10,000, 40,000, 
and 360,000. As can be seen, the necessary grams of PVP per 100 ml. 
of solution to cause inhibition of crystal growth at any supersatura- 
tion ratio increases with increasing molecular weight of PVP. In addi- 
tion the rate of increase of the grams of PVP per 100 ml. of solution 
needed as a function of increasing supersaturation ratio is much 
faster for PVP polymers of high molecular weight than those of lower 
molecular weight. 


At this point of discussion, it was felt that the polymers should be 
compared on the basis of their relative concentrations of the recur- 
ring vinyl pyrrolidone segment, 


[Po 1 
+~H-cH,~-  


rather than relative concentrations of molecules because it was de- 
sired to compare their effectiveness on an equivalent weight basis. For 
this reason, concentrations were expressed in terms of gram percent 
rather than moles/liter. It should be noted, however, that if the 


5: 
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Figure &-Minimum Concentration of different molecular weights of 
PVP required to cause inhibition of crystal growth of sulfathiazole 
as a function of supersaturation. Key: 0, 10,000 molecular weight; 
A, 40,000 molecular weight; and 0,360,000 molecular weight. 


BULK 
CRYSTAL ! DIFFUSION LAYER a SOLUTION 


x=o x=h kX 
Figure 5-Kinetic model describing the concentrations of sulfa- 
thiazole and PVP as a function of distance from the crystal surface. 


necessary concentrations of PVP were expressed in terms of molar- 
ity, the effects of polymer molecular weight would be very different 
from those noted using gram percent. As a matter of fact, the range 
of their relative molecular weights, 1 :4:36, is sufficiently large to 
cause the relationship to be reversed, ix., the higher molecular 
weight PVP requires less moles for inhibition. Table I shows the 
results of a comparison of the slopes of best fit linear curves drawn 
through the corresponding data points. 


These relationships imply that this is not an equilibrium 
process but must involve dominating kinetic factors. If an equilib- 
rium process was in control, it would not be expected that more 
equivalents of the higher molecular weight PVP would be needed 
due to the better adsorption tendencies of the higher molecular 
weight polymers. This would be true if all segments have equal cov- 
ering ability. This can be rationalized on the basis that a higher 
molecular weight PVP molecule contains more units per molecule 
than its lower molecular weight counterpart and therefore can make 
more attachments to a crystal surface with which to anchor itself. 


It can be inferred that diffusional processes are controlling the 
effective concentration of PVP required for inhibition by considering 
the following: 


1. The rate of crystal growth appears to be controlled by the rate 
of diffusion of sulfathiazole to the surface as shown by the stirring 
rate dependence of the crystal growth studies. 


2. The PVP molecular weight dependence of the PVP inhibition 
suggests that the rate of PVP diffusion to the surface may be rate 
determining; otherwise, it whould be expected that the minimum 
equivalent weight of PVP needed to inhibit sulfathiazole crystal 
growth should be independent of the molecular weight as the PVP 
polymer consists of identical recurring units. 


3. Finally the marked inhibition concentration dependency of 
PVP on the supersaturation ratio also supports the hypothesis that 
the rate of diffusion of PVP to the surface is rate determining. For a 
nondiffusional model, it would be expected that the PVP concentra- 
tion needed should be invariant and not a function of the super- 
saturation ratio. 


This rationalization prompted the proposal of the kinetic model 
which is illustrated in Fig. 5. It is easily seen that in this 
model the relative concentrations of drug and PVP at the surface of 
the crystal will depend on the relative concentration in the bulk of 
the solution and the relative rates of diffusion through the diffusion 
layer. If this is true the relative rates of deposition of both species 
on the surface of the crystal must also depend on the relative rates 
of diffusion to the surface, as it would be expected that the relative 
rates of deposition must be dependent on the relative concentrations 
of both species at the surface. Since the data show that a minimum 
concentration of PVP is needed for inhibition to occur, it can be 
postulated that if the rate of deposition of PVP is relatively slow as 
compared to that of the sulfathiazole, it is buried by the avalanche of 
precipitating sulfathiazole molecules. If, on the other hand, its rate 
is relatively rapid, it in turn can bury the precipitating sulfathiazole 
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molecules and sufficiently cover the crystal surface to cause inhibi- 
tion of crystal growth. This model can be used to explain adequately 
all the results reported in this study. For example this model would 
predict that a higher PVP concentration would be needed to cause 
crystal growth inhibition at higher supersaturation ratios of sulfa- 
thiazole as the sulfathiazole molecules would increase their diffu- 
sional rate to the surface, necessitating that the PVP do so also. 


Since this model readily lends itself to a mathematical treat- 
ment, quantitative relationships were derived to test the validity 
of the model. Assuming a steady state, the rate of diffusion of drug, 
GD, and PVP, G,, are given by the following equations: 


GD = KDDD(CD' - CD') (Eq. 1) 


Gp = KPD,(Cph - C,') (Eq. 2) 


where CD and C ,  denote the concentration of drug and PVP, re- 
spectively; the superscripts h and 0 denote the concentrations in the 
bulk of the solution and at the crystal surface, respectively; and K D  
and Kp are the corresponding proportionality constants. 


Since the model assumes that inhibition occurs when the relative 
diffusional rate of PVP to the surface is sufficiently rapid, it can be 
stated that for complete inhibition to occur the following condition 
must prevail: 


G, 2 k'Gn (Eq. 3) 
where k' is the proportionality constant relating the minimum PVP 
rate of diffusion for inhibition to the drug rate of diffusion. Substitu- 
tion of Eqs. 1 and 2 into Eq. 3 and rearrangement of the resulting 
equation lead to the following equation for the minimum bulk con- 
centration of PVP, ( C p h ) ~ ,  needed for crystal growth inhibition of 
sulfathiazole : 


where' k = (KD/K,)k'. 
The supersaturation ratio, S, is defined as 


s = -  CDh 
CD" 


where C D ~  is the solubility of the drug. 
Equations 4 and 5 yield 


Equation 6 predicts that a plot of (C,')M versus S is a straight line 
with a slope of kiYDCDE/Dp which intercepts the supersaturation ratio 
axis at: 


(Eq. 7) 


The above predicts that in the absence of PVP the intercept is equal 
to CD"/CD' when ( C P h ) ~  = 0, and experimentally this appears to be 
equal to 1.15. In the presence of PVP, however, experimental results 
indicate that the intercept essentially remains unchanged and this 
appears to differ with the results predicted by Eq. 7. If one examines 
the relative magnitudes of the first and second terms of Eq. 7, how- 
ever, it can easily be shown that the second term is negligible. The 
first term is equal to ?1.15, assuming this is independent of the 
presence of PVP. The second term can be set equal to CPo/slope. 
Since CPo is <<< lop6 g./lOO ml. and the slope is 1.5 to 5.5 X 


Eq. 7 predicts that the intercept is essentially unchanged with 
the addition of PVP. 


Equation 6 was derived for the sulfathiazole-PVP system but will 
be applicable to any drug-inhibitor system that is described by this 
model. If the drug is changed, Eq. 6 predicts that the minimum con- 
centration of inhibitor needed for complete crystal growth inhibi- 
tion, ( C p h ) ~ ,  would be directly proportional to the solubility and 
diffusion coefficient of the drug. Perhaps of more significance is that 
Eq. 6 predicts that (C,")M is directly proportional to the supersatura- 


'In an idealized situation, K D  = Kp and therefore k = k' .  The more 
general treatment presented in this discussion-uiz., k # k ' ,  is preferred 
as it might allow for nonideal factors such as nonlinear concentration 
gradients and different sites of deposition. 
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Table 11-Comparison of Experimental PVP Molecular 
Effectiveness to the Expected Effectiveness" 


PVP Molecular 
-Weight Polymer-- 


Relative Comparisod 10,ooo 40,OOo 360,000 


Molar slopesc 1 0.37 0.12 
Apparent molecular 


effectiveness 1 2.70 8.33 
Diffusion coefficient factor 1 2.11 4.37 
Diffusion coefficient adjusted 


experimental molecular 
effectiveness 1 5.70 36.40 


Expected molecular 
effectiveness 1 4.00 36.00 


a Assuming equivalency of molecular segments. b Relative to 10,000 
molecular weight polymer. c See Table I. 


tion ratio and inversely proportional to the diffusion coefficient of 
the polymer. 


These predictions can be used as a test for the applicability 
of the model to a given system. The data previously presented in this 
study clearly show that ( C P h ) ~  is directly proportional to  the super- 
saturation ratio. If ( C P h ) ~  is also inversely proportional to the 
respective PVP diffusion coefficients, then the slopes of the three 
straight lines obtained for the three different molecular weight PVP 
compounds should be in the same ratio as their reciprocal diffusion 
coefficients assuming that each segment has equal covering capa- 
bility regardless of the molecular size. 


For this purpose, the diffusion coefficients of the three species of 
PVP used in this study, 10,000, 4O,OOO, and 360,000 molecular 
weight were independently determined in a diffusion cell using a 
membrane filter by a method previously reported (12). The diffusion 
coefficients were found to be 1.55 X 10-6, 7.33 X lop7, and 
3.55 X cm.z/sec. for the lO,oOO, 4O,OOO, and 360,000 
molecular weight polymers. A set of straight lines were simulta- 
neously fitted to the data points of all three PVP compounds using a 
common intercept of 1.15 and ratio of slopes that were proportional 
to their respective reciprocal diffusion coefficients. A common inter- 
cept was used as predicted by Eq. 6. Figure 4 shows that the agree- 
ment is well within experimental error and lends strong support for 
the proposed model. 


Although the diffusional rate of PVP to the surface has been 
established as the controlling process, it would be of interest to 
determine the relative effectiveness of the different molecular weight 
PVP molecules once they arrive at the surface. It would be expected 
that the 360,000 molecular weight PVP would be 9 times more effec- 
tive than the 40,OOo molecular weight PVP and 36 times more effec- 
tive than the 10,OOo molecular weight PVP. Table I1 shows the re- 
sults of calculations which strongly support the equivalency of 
molecular segments in covering the surface regardless of molecular 
weight and that the apparent relative molecular effectiveness is due 
to the relative PVP rates of transport to the crystal surface. 


Yet to be explained is the small amount of PVP needed for com- 
plete inhibition of crystal growth of sulfathiazole. This result 
suggests that the PVP must be strongly bound to the sulfathiazole 
crystal surface. This should not be unexpected as the PVP consists of 
a recurring group which allows it to form many attachments to the 
surface. This possibility was tested out by running an inhibited 
crystal from a PVP solution of a given sulfathiazole supersaturation 
ratio in a solution of comparable supersaturation ratio but without 
PVP. The crystal did not grow, indicating that the PVP was not re- 
moved from the crystal surface and therefore it was indeed strongly 
bound. 


To investigate this further, calculations were made using Eqs. 1 
and 2 to estimate the relative rates of transport of sulfathiazole and 
PVP from the bulk of the solution to the crystal surface. The results 
of these calculations confirmed the above, as they clearly showed 
that the relative rates of deposition of PVP as compared to sulfa- 
thiazole was not sufficiently large to provide for a tightly packed film 
over the sulfathiazole crystal surface. 


Although no further evidence was obtained, sufficient data are at 
hand to permit a mechanistic speculation. It is believed that these 
results can be explained on the basis that the polymer forms a non- 
condensed netlike film over the crystal surface of sulfathiazole. This 







POLYMER 
NET 


Figure 7-Net inhibition model illustrating a cross section of the 
protrusions growing through the openings of a polymer net. 


Figure 6--Net inhibition model illustrating the inhibition by PVP 
on one surfuce of the crystal. 


is illustrated by Fig. 6. This model, ofcourse, will permit the sulfathi- 
azole to grow out through the openings of the net. In order to do so, 
however, the crystal will need to grow in fingerlike protrusions 
(Fig. 7). In addition the radii of these protrusions will be governed by 
the effective pore size of the polymer net. If this is true the curvature 
of these protrusions will require higher supersaturation ratios to 
grow, as can be shown using the Kelvin equation (12): 


P 2yM 
Po RTdr 


I n - = - -  


where P = vapor pressure of a small drop or particle of radius 
r (-micron), PO = vapor pressure of a planar surface ( r  - large), y 
= interfacial tension or free energy of the crystal, M = molecular 
weight, d = density, R = gas constant, and T = absolute tempera- 
ture. 


In the case of a particle suspended in a saturated solution, it can be 
assumed that the ratio P/P, can be approximated by the ratio of the 
respective activities in the solution, a/ao, where a is the activity of a 
small spherical particle and a. is the activity of a large particle. If 
activity coefficients of both particles are the same, the activities can 
be replaced by their respective solubilities. This ratio, however, 
defines the supersaturation ratio that a large crystal will be exposed 
to if placed in a solution which is saturated with respect to the small 
particle. This, of course, is the supersaturation ratio which has been 
utilized in all previous graphs, as the single crystal used in the previ- 
ous experiments can be considered the equivalent of a large particle. 
As a result, Eq. 8 can be expressed by the following equation: 


where S is the supersaturation ratio (relative to the solubility of a 
large particle) of a solution in which a protrusion with a curvature 
that is equivalent to a particle of radius yP will have equal probabili- 
ties of growth or dissolution. 


Equation 9 shows that as the effective radius of a protrusion de- 
creases, the protrusion will require a correspondingly larger super- 


saturation ratio before it will grow. This indicates that a netlike 
coverage of PVP that controls the effective radius of protrusions 
from the crystal surface can cause the crystal to require a higher 
supersaturation ratio than if it were absent in order for the crystal to 
grow. Furthermore, the tighter the net the smaller the effective radii 
of the resulting protrusions and the higher the minimum super- 
saturation ratio required for crystal growth to occur. 


This speculation can be combined with the kinetic diffusion 
model to describe a possible mechanism of inhibition by PVP 
of a sulfathiazole crystal exposed to its supersaturated solution. 
The experimental data previously presented in this study showed 
that the crystal growth inhibition of sulfathiazole by PVP is related 
to the relative transport rates to the crystal surface. This implies 
that the point of inhibition is related to the relative rates of deposi- 
tion. The PVP reaching the surface forms a netlike structure (since 
complete coverage does not occur at the point of inhibition) which 
allows the sulfathiazole to grow out in fingerlike protrusions (sug- 
gested by fingerlike growth before the point of inhibition). Due to 
the higher curvature of these protrusions, however, the minimum 
supersaturation ratio for growth increases as shown by Eq. 9. 
This curvature, on the other hand, is determined by the effective 
pore size of the polymer net. The effective pore size of the net is 
determined by the relative PVP to sulfathiazole transport rate. Since 
the relative PVP to sulfathiazole transport rate governs the relative 
ratio of PVP and sulfathiazole deposited on the crystal surface, it 
follows that the higher the relative PVP rate, the smaller the effec- 
tive pore size of the polymer net and the higher the supersaturation 
required for growth to be maintained. This model is consistent with 
all the data reported in this study. 
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Rate of Crystal Growth of Sulfathiazole 
and Methylprednisolone 


S. C. MEHTA, P. D. BERNARDO”, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract 0 The results of crystal growth rate studies using single 
crystals of sulfathiazole and methylprednisolone are presented. 
The growth rate of sulfathiazole crystals growing in a supersat- 
urated aqueous solution showed stirring rate dependence from 10 
to 400 r.p.m. The same stirring rate dependence was found for all 
three faces studied. In alcohol solutions, however, the stirring rate 
dependence appeared to disappear above 150 r.p.m., suggesting 
that at the higher stirring rates the rate of crystal growth of sul- 
fathiazole is surface controlled. A plot of the growth rate versus 
the supersaturation ratio appeared to be linear for all studies with 
intercepts exhibited on the supersaturation ratio axis. The inter- 
cept appeared to be a function of its solvent varying from 1.07 to 
1.43 and to be a function of the polarity of the alcohol. The crystal 
growth rate of methylprednisolone, on the other hand, showed no 
stirring rate dependence in the range from 20 to 400 r.p.m. and 
appears to be surface controlled even at low stirring rates. 


Keyphrases 0 Crystal growth rates-single crystal method 0 
Sulfathiazole crystals-growth rate Methylprednisolone crys- 
tals-growth rate 0 Stirring rate effect-rystal growth 0 Re- 
fractive index-crystal axes determination 


There are a number of situations where an under- 
standing of the growth behavior of crystals may pro- 
vide a basis for improving pharmaceutical formulations. 
Crystal growth in a suspension formulation, as a result 
of temperature fluctuations or Ostwald ripening, may 
lead to undesirable changes in its particle-size distri- 
bution. Such changes whether they affect the ease of 
administration, efficacy, or the esthetic appearance of 
suspensions constitute “physical instability.” Investi- 
gations (1-5) of crystal growth behavior involving 
systems of pharmaceutical interest are relatively few. 
Furthermore, most of these studies have not been 
mechanistically oriented, i.e., aimed at  establishing the 
molecular mechanisms. Generally such studies have 
only answered the question of whether or not crystal 
growth occurs under the particular prevailing condition. 


The present report describes the results of crystal 
growth studies involving the two drugs, sulfathiazole 
and methylprednisolone. A simple but convenient 
method to  study crystal growth is described. The crystal 
growth rate data were obtained as a function of super- 
saturation, crystal orientation, and stirring rate and 


kA 


I I 
M H 


Figure 1-Crystal growth apparatus. Key: A ,  synchronous motor: 
B, sampling port; C, Teflon lid; D ,  jacketed beaker; E,  supersaturated 
solution: F, stirrer; G,  glass stopper with a fused stainless steel rod 
(L); H ,  optical glass window; J,  inlet for water (30”); K, outlet for 
water (30”); M ,  microscope: S, stainless steel coupling to hold 
removable crystal holder shown in Fig. 2; and W, tungsten wire holding 
crystal holder described in Fig. 2. 


provided much insight as to  the probable rate-de- 
termining processes governing crystal growth. Further- 
more, this method is well suited for the screening and 
evaluation of potential crystal growth inhibitors. 


GENERAL CONSIDERATIONS 


Previous experiences have indicated the need to develop a 
technique utilizing a relatively convenient experimental system 
yet capable of providing much insight into the factors governing 
the rates of growth of crystals. Since the prime purposes of this 
study were the quantitation of crystal growth rates and the deter- 
mination of the effect of various factors upon this growth, it was 
decided that a single crystal technique which measures linear growth 
rather than techniques which utilize gross volume changes should 
be employed. The single crystal technique is more reproducible 
and therefore more quantitative because of the following reasons: 


1. Surface area is not important, as linear growth is a function 
of the chemical potential of the solution relative to the solid surface 
which can be expressed in terms of unit area. Furthermore, the 
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Some Cyclic Ketals and Acetals of 
Digitoxin, Digoxin, and Ouabain 


KHALID S. ISHAQ and OLE GISVOLD 


Abstract 0 A new and milder method has been utilized to re- 
investigate the preparation, properties, and biological activities of 
the mono-o-isopropylidene (acetonides) derivatives of digitoxin, 
digoxin, and ouabain. The preparation, properties, and biological 
activities of the mono-o-ethylidene derivatives of digitoxin and 
digoxin also are described. The latter derivatives show greater ac- 
tivity than the former. 


Keyphrases 0 Digitoxin, digoxin cyclic ketals, acetals-synthesis 0 
Ouabain cyclic ketals, acetals-synthesis 0 Bioanalysis-digitoxin, 
digoxin, ouabain derivatives 0 TLC, paper chromatography- 
separation, identification 0 UV spectrophotometry-identity 


In a previous publication the preparation and activi- 
ties of the mono-o-isopropylidene derivatives (glycoside 
acetonides) of digitoxin, digoxin, and ouabain have been 
reported (1). Their biological activities were much less 
than had been expected on the basis of their 
physical properties and, in the cases of digitoxin and of 
digoxin, the position of the isopropylidene group. Be- 
cause these activities were so unexpectedly low, a rein- 
vestigation of the preparation of these derivatives by 
much milder methods was sought and one such was 
found. Acetonation can be effected in a very short time 
at  room temperature uia the use of 2,2-dimethoxypro- 
pane, acetone, a trace of acid, and room temperature 
conditions. The yields are almost quantitative and de- 
rivatives readily can be crystallized. Bioassay of these 
derivatives prepared by this new, very mild method gave 
comparable results in the case of digoxin but not in the 
case of digitoxin or ouabain. The ease with which the 
isopropylidene derivatives (dioxolanes) of digitoxin 
and digoxin could be prepared via the use of  ketal- 
interchange techniques suggested the preparation of 
other cyclic ketals and cyclic acetals (dioxolanes) to 
test further the contribution to activity such derivatives 
might exert. Because the isopropylidene group, even 
though it was the simplest type of a cyclic ketal and on 
the terminal digitoxose residue, reduced activity so mark- 
edly that the preparation of a cyclic acetal as a second 
type of a dioxolane derivative was investigated. The 
ethylidene derivative readily could be prepared via 1,l- 
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dimethoxyethane, acetaldehyde, a trace of acid, and 
room temperature conditions. Bioassays of these ethyli- 
dene derivatives via LD50 intravenous assays in cats 
showed that mono-o-ethylidene digoxin had the same 
activity as that of acetyldigoxin whereas acetyldigitoxin 
was 2.35 times as active as mono-o-ethylidene digitoxin. 
Thus the activity (toxicity) of digitoxin was reduced to a 
greater extent by both types of derivatives than was the 
case with digoxin. Also it is of interest to note that 
the mono-o-ethylidene digoxin activity was the same 
as that of acetyldigoxin. 


In the case of digoxin, its usefulness is improved in its 
acetyl derivatives. Acetyldigoxin is considered by some 
to be the drug of choice because it is well absorbed 
orally, is less toxic to the CNS, and has a shorter 
duration of action than digitoxin or acetyldigitoxin. 
Acetyldigoxin was isolated directly from Digitalis Ianata 
by Hopponen and Gisvold (2) in 1952, and its good oral 
absorption properties in cats were first reported by 
White and Gisvold ( 3 ) .  


It now appears that the physical properties of the 
monoethylidene derivative of digoxin, i .e.,  R ,  value 
measuring liposolubility, should enhance its degree of 
absorption upon oral administration. Its toxicity and 
duration of action would depend in part upon its 
distribution and metabolism in vivo. This derivative is 
sensitive to hydrolysis at  condition below pH 7 but is 
quite stable above pH 7. Dioxolanes are usually stable 
in vivo and thus such derivatives of the cardiac gly- 
cosides might exert some interesting effects upon their 
metabolism in vivo. Increased stability without a signifi- 
cant increase in stereochemical bulk would be effected 
by the substitution of F for H in the ethylidene residue. 
Such investigations are now in progress, 


EXPERIMENTAL 


The details of some of the paper chromatographic techniques 
used in these studies have been previously described (4). Thin-layer 


I Marketed in Europe as Novadigal and Lanatilin. 
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chromatography (5) using silica gel and development with ben- 
zene-95% ethyl alcohol was used to good advantage. The Raymond 
reagent was used to detect the glycosides and their reaction products 
on both paper and silica gel. 


Preparation of Isopropylidene Derivatives-The dry glycosides, 
digoxin, digitoxin, or ouabain (65 mg. each), were dissolved in 130, 
65, and 60 ml., respectively, of dried acetone followed by the addi- 
tion of 15 ml. of 2,2-dimethoxypropane. Dry hydrogen chloride, 
12-14 bubbles, was added uia a glass tube that had a 4-mm. internal 
diameter. The course of the reaction could be followed by the 
chromatographic examination of a few milliliters of the reaction 
mixture. At room temperature, 95 min., 90 rnin., and 27 hr., respec- 
tively, gave the optimum conversion to the desired derivative which 
was at least 90% in the case of digoxin and digitoxin and 80% plus 
in the case of ouabain. The remainder was the glycoside and a faster 
moving substance on TLC silica gel. Hydrogen chloride was chosen 
as the condensing agent because it readily could be removed under 
a vacuum on the Buchi during the removal of the acetone and ex- 
cess 2,2-dimethoxypropane. This is a critical factor since non- 
volatile acids such as p-toluene sulfonic acid, although effective as a 
catalyst, are troublesome to remove and may lead to some cleavage 
of the acid-sensitive dioxolane derivatives. 


Although conversion to the desired isopropylidene derivative 
was obtained in very high yield, preparation of a highly purified 
analytically pure sample uia direct crystallization was not readily 
possible because of the formation of isomorphous crystals. Chro- 
matographic purification on 1-mm. silica gel plates using benzene- 
95% ethyl alcohol (7:3) yielded analytically pure samples. Such 
samples gave a positive Raymond test, negative periodate-benzi- 
dine test (6), and showed a UV A,,,. at 218 mp. Thus the lactone 
ring was intact and the isopropylidene residue was on the terminal 
digitoxose residue. The Rj value of these analytically pure samples 
was the same as that obtained from the initial acetonated glycoside 
product. 


Mono-o-isopropylidene digoxin after recrystallization from ben- 
zene and naphtha (Skellysolve B) melted at 241-2443" with de- 
composition. 


And-Calcd. for mono-o-isopropylidene digoxin, c44H&4: 
C, 64.36; H, 8.34. Found: C, 64.13; H, 8.54, 


Mono-o-isopropylidene digitoxin after recrystallization from 
benzene and naphtha melted at 243.5-246.5" with decomposition, 


And-Calcd. for mono-o-isopropylidene digitoxin, C44H68013: 
C, 65.65; H, 8.50. Found: C, 65.43; H, 8.36. 


Mono-o-isopropylidene ouabain after recrystallization from 
methanol, benzene, and naphtha melted at 221-223' with decom- 
position. 


Anal.-Calcd. for mono-o-isopropylidene ouabain, C32H480,2: 
C, 61.55; H, 7.74. Found: C, 61.50; H, 7.96. 


Preparation of Ethylidene Derivatives-Dry digoxin, 80 mg., was 
dissolved with the aid of heat in 170 ml. of dried methylene chloride 
in a 250-ml. three-necked flask fitted with a condenser equipped 
with a drying tube. The flask was cooled to 5" in an ice bath and 
5 ml. of 1,l-dimethoxyethane added. Dried and cooled acetalde- 
hyde, 10 ml., was added uiu a syringe and finally dry hydrogen 
chloride, 33-55 bubbles, was introduced uiu a glass tube having an 
internal diameter of 4 mm. After 17 hr. the solvents were removed 
under vacuum on the Buchi. Analysis cia TLC on silica gel using 
benzene-95z ethyl alcohol (7: 3) showed the presence of some 
digoxin Rj value 0.50 and two very closely moving substances hav- 
ing an average Rj value of 0.67. The latter might well be two con- 


formers or isomers at the 2-position of the dioxolane ring. Purifica- 
tion cia thick-layer silica gel plates as described above gave a crystal- 
line product after crystallization from methanol, benzene, and water 
that melted at 128-148"; [a]y  = +9.6 (C = 0.5 in methanol); 
A,,,. at 218 mp. 


Anal.-Calcd. for mono-o-ethylidene digoxin, C44H~014: C, 
63.99; H, 8.24. Found: C, 63.44; H, 8.53. 


Because digitoxin was more soluble in methylene chloride, 80 mg. 
was dissolved in 40 ml. of methylene chloride and a 200-ml. three- 
necked flask was used. The remainder of the experimental condi- 
tions were the same as those used for the preparation of mono-o- 
ethylidene digoxin. The purified mono-o-ethylidene digitoxin was 
crystallized from methanol, benzene, and water. It melted at 113- 
127", [a]y = + 8.5 (C = 0.5 in methanol); A,,,, at 218 mp. 
Its R, value on silica gel using benzene-95 ethyl alcohol (7 : 3) 
was 0.72. As in the case of the digoxin derivative, two very closely 
moving spots were obtained. Thus here also two conformers or 
isomers at the 2-position of the dioxolane ring are possible to ac- 
count for the two very closely moving spots on TLC since the RJ 
value of digitoxin was 0.57. 


And-Calcd. for mono-o-ethylidene digitoxin, C43H6D~3: C, 
65.29; H, 8.41. Found: C, 64.73; H, 8.62. 


Bioassay* of the Glycoside Acetonides-The following mean LDm 
f SE mg./kg. was obtained: digoxin acetonide, 0.582 f 0.04 (4 
cats); digitoxin acetonide, 1.38 f 0.03 (4 cats); ouabain acetonide, 
no minimum lethal dose could be reached (2 cats). Thus the digoxin 
acetonide was slightly more active than that previously reported 
whereas digitoxin acetonide was about 1.8 times as active as that 
previously reported. The inactivity of the ouabain acetonide differed 
from that previously reported which was 0.8837 + 0.0714 (10 cats). 


Bioassay2 of the Glycoside Mono-o-ethylidene Derivatives-The 
following mean LDbo =t SE mg./kg. was obtained: mono-o- 
ethylidene digoxin, 0.375 f 0.02 (4 cats), and mono-o-ethylidene 
digitoxin, 1.05 0.06. 
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This review of the literature represents a comprehen- 
sive cross section of the research and development 
efforts in various selected disciplines of the pharmaceu- 
tical sciences. It is the eighth annual survey of the series 
(1-7). To compile it, numerous periodicals and selected 
sections of Chemical Abstracts were abstracted. 


The review was prepared with two purposes in mind. 
Primarily, it was to provide an opportunity of reviewing 
the research highlights of the past year in the field of 
pharmaceutical technology. Secondarily, it was to sup- 
ply a convenient source of references for anyone inter- 
ested in the studies carried out in a specific area. The 
format was slightly altered from that of previous years; 
tables were included as a new approach to covering 
articles of preferred interest in specific areas. 


GENERAL PHARMACY 


A philosophical review article was published de- 
scribing the effect of pharmaceutical research on science 
and society in general (8). Several review articles ap- 
peared on governmental control of the pharmaceutical 


Editor’s Note: The scope of this article has been limited to a review 
of the literature in the area of pharmaceutics because reviews of the 
literature related to other areas of the pharmaceutical sciences are 
published elsewhere annually. 


industry in various countries (9, 10). These included a 
description of the origin, development, and application 
of the National Drug Code in the United States, as well 
as the quality control procedures for sampling, sta- 
bility, and packaging required for pharmaceutical 
products in Turkey. The Food and Drug Adminstration 
(FDA) outlined its viewpoint on microbiological control 
of topical and internal preparations where sterility is 
not a requirement (1 1). The primary sources of possible 
contamination were viewed as being the raw materials, 
water supply, processing operations, equipment and 
plant facilities, and employees. Microbiological tests 
on finished products, to be most meaningful, should 
include tests for Salmonella, Pseudomonas, and coli- 
forms. Several other interesting papers described the 
factors responsible for microbiological contamination 
of cosmetics and proprietaries (12, 13). The authors 
believed the training of employees and equipment clean- 
liness to be the most important factors contributing to 
microbiological contamination. The articles also con- 
tained a brief discussion of the numerous known con- 
taminating organisms, and they described methods to 
control or decrease their levels. 


The optimum pH for many commonly used ophthal- 
mic drugs was presented, along with a discussion of 
preservatives and buffers suitable for use in ophthalmic 
preparations (1 4). The use of macromolecules such as 
methylcellulose and polyvinyl alcohol in preparing 
artificial tears and lubricants for contact lenses was 
discussed in detail (15). Clinical tests indicated that 
these macromolecules are most effective on the corneal 
epithelium at a concentration of 1.5 %. Another paper 
reported the formulation and method of preparation 







Table I-References for Some Relatively Nontechnical Discussions 
Related to Pharmaceuticals 


Ref- 
erence Topic 


18 Review of local anesthetics 
19 Review of antihistamines 
20 Review of antiepileptic drugs 
21 Review of phenothiazine tranquilizers 
22 
23 Review of antifertility agents 
24 
25 


Review of diabetes and hypoglycemic agents 


Review of over-the-counter (OTC) antacids 
Review of sleep-aids and other OTC sedativies 


of a stable sulfacetamide ophthalmic solution by avoid- 
ing heat sterilization or tyndallization during manufac- 
ture (16). 


The physiology of the nose and the influence of physi- 
cal and chemical factors on the penetration of medica- 
ments through the nasal mucosa were outlined (17). The 
effect of vasoconstrictors, wetting agents, and pH on the 
duration of drug activity was investigated in guinea pigs. 


Other papers of interest in general pharmacy are given 
in Table I. 


Preservatives-The water-solubility and surface-ten- 
sion-lowering properties of a series of homologous 
quaternary ammonium compounds were reported to 
be directly related to their antimicrobial effectiveness 
(26). Other investigators found no direct relationship 
between disinfectant effects and other properties of a 
series of amphoteric surfactants (27). Various alcohols 
were compared for in vitro antimicrobial effectiveness ; 
n-propanol was the most effective when used alone, 
while n-butanol, n-propanol, and ethanol were very 
effective when combined (28). Dimethylsulfoxide 
(DMSO) was shown to  inhibit completely the growth of 
Escherichia coli, Pseudomonas aeruginosa, and Bacillus 
megaterum when used in concentrations of 15% or 
greater (29). Polyethylene glycol 300 reduced the viabil- 
ity of certain spores with or without the presence of 
heat (30). The ability of certain organisms (mainly 
Pseudomonas species) to degrade parabens and limit 
their bacteriostatic effectiveness was demonstrated (3 1). 
The action of surfactants on the effectiveness of a wide 
variety of preservative agents was reported in several 
articles (32-35). In most cases, the effectiveness of the 
preservative was shown to decrease after a certain criti- 
cal concentration of the surfactant was exceeded. The 
effectiveness of chlorobutanol, chlorohexidene, phenyl- 
mercuric nitrate, and polymyxin B sulfate appeared 
to decrease in the presence of methylcellulose and car- 
boxymethylcellulose (36). In the presence of the latter 
gum, only phenylmercuric nitrate retained its bacteri- 
cidal activity. A combination of phenylmercuric nitrate 
and phenylethyl alcohol was observed to be more 
effective in preserving fluorescein solutions against 
Pseudomonas corntamination than either of the two 
agents used alone(37). 


Several halogenated naphthol derivatives were tested 
at  different levels in liquid pharmaceutical preparations 
for effectiveness against 20 different organisms (38). 
All derivatives were active at  levels of 20-50 mcg./ml. 
against most organisms except P. aerugenosa, Proteus 
vulgaris, and Micrococcus caseolyticus. The loss of 


phenylmercuric nitrate and phenylethyl alcohol from 
solution due to their adsorption by the dropper attach- 
ments of ophthalmic packages was described (39). 
The rubber, nylon, and plastic components tested in 
this study appeared to adsorb phenylmercuric nitrate 
more than phenylethyl alcohol. The effect of the electri- 
cal charge of a preservative on its bactericidal effect 
in  atropine solutions was used to explain why cationic 
quaternary compounds are so much more effective than 
anionic preservatives (40). 


Basic mathematical models were suggested for cal- 
culating the concentration of preservatives in the aque- 
ous phase of emulsion systems (41). The total concen- 
tration of the preservative, the oil-water partition co- 
efficient, the oil-water ratio, and the concentration of the 
emulsifier were all shown to affect the concentration of 
the preservative in the aqueous phase, which is the con- 
trolling factor. The use of phenylmercuric salts to 
preserve cosmetics and other ointments was the topic 
of several interesting papers (42-44). The sensitivity to 
various preservatives commonly used in cosmetics was 
also investigated (45). Less than 2 % of contact allergies 
were caused by sorbic acid, but group reactivities were 
noted with various quaternary compounds and the para- 
bens. 


Other papers of interest on preservatives are described 
in Table IT. 


Flavor, Aroma, and Color-The effect of formulation 
and chemical modification on the flavor, odor, and 
color of drugs was reviewed by several authors (54, 55). 
The effect of the viscosity of pharmaceutical syrups 
on the bitter taste was studied using narcotine as the 
test drug (56). The results of this experiment, obtained 
organoleptically, indicated that the more viscous vehi- 
cles are better able to mask bitterness. The steric re- 
quirement of sweet-tasting compounds or molecules 
was described, based on the differences in sweetness 
observed between D- and L-sugars and amino acids 
(57). It was proposed that these steric requirements must 
be met at  the chemoreceptor site if the compound is to 
have a sweet taste. 


A method was devised for quantifying perfume for- 
mulations for use in a computer so that fragrances can 
be classified and reproduced (58). Two interesting papers 
described the stability of aldehyde-type fragrances and 
the effect of stabilizers on perfumes present in soaps 
(59, 60). The maximum rate of color change of a drug 
solution occurs when the solution is irradiated with 
light of a wavelength near that of the absorption peak 


Table 11-Additional References on Preservatives 


Ref- 
erence 


46 
47 
48 
49 
50 
51 
52 


53 


Topic 


Review of disinfectants 
Review of disinfectants 
Test method for measuring disinfectant stability 
Review of preservatives useful in cosmetics 
Review of microbiological control of cosmetic products 
Review of disinfectants used in soaps and detergents 
Review of preservatives useful in ophthalmic prepara- 


Effect of heat and preservatives on spores of B. sfearo- 
tions 


thermophilus 
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of the drug being tested (61). The amount of color 
change was shown to be independent of the volume of 
the solution and of the concentration of the drug under 
constant light intensity. 


Stability-Changes in the anionic product of water, 
in polarity of nonaqueous solvents, and in pK were 
considered to be the three main factors affecting drug 
stability during antibacterial heat treatment (62). The 
effect of ultrasonics on the degradation of aspirin and 
other drugs in mixed solvent systems was investigated 
(63, 64). These studies indicated that the application of 
ultrasonic energy to a system undergoing degradation 
increases the rate of degradation but does not necessarily 
change the kinetic order of degradation. I t  was postu- 
lated that the rate changes are due to an increased num- 
ber of molecular collisions as a result of the addition 
of ultrasonic energy. The effect of light, oxygen, and 
humidity on the stability of various oils and drug sys- 
tems was outlined in a series of papers (65-73). Studies 
on the stability of phenylephrine in aqueous solution 
indicated that this compound deteriorates more rapidly 
at an alkaline pH because of the formation of free radi- 
cals, followed by chain-type reactions (74). The discolor- 
ation of the phenylephrine was found to depend on the 
pH and the temperature; it is due to the presence of 
5-hydroxy-N-methylindoxyl formed by oxidative cy- 
clization of the parent compound (75). The racemization 
of I-phenylephrine was shown to occur readily at a pH 
lower than 2 (76). This racemization is first order with 
respect to the phenylephrine concentration and is cat- 
alyzed by the hydrogen-ion concentration. The decom- 
position of pilocarpine in aqueous media was shown to 
occur in a reversible first-order reaction (77, 78). The 
decomposition is general, acid/base catalyzed, the prod- 
ucts showing pH characteristics comparable to those 
of other lactones. The effects of sterilization and storage 
on the stability of aqueous solutions of pilocarpine, 
atropine, and scopolamine also received attention (79). 
No appreciable decomposition was noted as a result 
of the storage of solutions that were unbuffered or 
contained benzoic acid, while almost complete decom- 
position was noted in solutions containing phosphate 
buffers. The photolytic decomposition of sulfacetamide 
was shown to  be of zero order and inhibited by the 
addition of sodium thiosulfate or by lowering the pH 
and dielectric constant of the vehicle (80). 


The stability and mechanism of degradation of thera- 
peutic methane sulfose derivatives were investigated 
using 14C-labeled materials (81-83). The addition of 
antioxidants was shown to retard the color formation 
resulting from the degradation of p-aminosalicylic acid 
solutions (84). Aqueous solutions of acetylsalicylic acid 
prepared by the addition of polysorbates were shown to 
be more stable than similar solutions solubilized by the 
addition of ethanol (85). Stored under varying condi- 
tions of heat, light, and moisture, aspirin tablets showed 
the least amount of decomposition when prepared with 
tricalcium phosphate and talc (86). Similar tablets pre- 
pared with sodium alginate or polyvinyl pyrrolidinone 
showed the greatest amount of decomposition after 
storage for 3 months. The stability of cycloserine, de- 
termined in solution as well as in tablet dosage forms 
stored in various containers, was shown to be very poor 


Table 111-Additional References on Stability 


Ref- 
erence Topic 


I05 
106 


107 


108 


109 


110 


111  
112 


113 
114 
115 
116 
117 
118 . .~  


119 
120 
121 
122 


Review of stability of drugs in solution 
Review of chemical changes occurring during storage. 


Decomposition and stabilization of sulfacetamide in 


Instability of atropine and chloramphenicol in aqueous 


Stability of aqueous solutions of amylbarbital (Bar- 


Decomposition of barbiturates with unsaturated sub- 


Effect of impurities on stability of p-aminosalicylic acid 
Decomposition of diethylaminoethyl salicylate hy- 


Decomposition of aminophenazone tablets 
Stability of amethocaine hydrochloride solutions 
Stability of phenoxybenzamine in parenteral solutions 
Stability of galenical digitalis compositions 
Stability of angiotensinamide in aqueous solutions 
Stability of bromoform syrup 
Stability of hydro~ymersalyl-~~~Hg in storage 
Stability of inulin labeled with l 3 I I  
Stability of dyes with gelatin 
Polyurethane degradation in some physiologically 


of drugs 


drug preparations 


solution 


bamyl) 


stituents 


drochloride 


active media 


in the presence of water or humidity (87-89). The sta- 
bilizing effect of antioxidants on procaine hydrochloride 
solutions was clearly demonstrated by Moraga et al. 
(90). In  solutions buffered to pH 7.9, the specific rate 
constants for chlorothiazide decomposition were ob- 
served to decrease with increasing concentrations of 
organic solvents such as ethanol, propylene glycol, and 
acetone (91). The effect of micellar binding on the enzy- 
matic hydrolysis of arylsulfate esters was demonstrated 
by Baxter and Kostenbauder (92); although acid-cata- 
lyzed hydrolysis of the aryl sulfate ester was enhanced 
when the substrate was bound to the surface of the 
micelle-forming surfactant, the enzyme-catalyzed hy- 
drolysis of this substrate exhibited a marked overall 
inhibition when the substrate was bound to the same 
surfactant. Deviations from first-order kinetics were 
observed at  temperatures below -9" for the hydroxyl 
ion-catalyzed decomposition of hexobarbital (93). 
Rate increases occurred in frozen solutions that were 
as much as 42 times the calculated rates in supercooled 
liquid solutions at  the same temperatures. These in- 
creases were partially explained by the increased con- 
centration of the reactants which takes place in the 
liquid regions of the partly frozen solutions. Similar 
increases in rate of degradation as a result of freezing 
have been reported for adrenocorticotropic hormone 
(ACTH) in human plasma (94). The stability of various 
antibacterial agents in culture media was shown to 
affect their activity in vitro (95). To be effective against 
bacteria, these drugs, which are hydrazone derivatives, 
have to release isoniazid upon decomposing in the 
culture media. The effect of oxidation on the stability 
of lecithin, Erolan (wool alcohols DAB7), lemon oil, 
and methoxy mercurate oils was outlined in a series of 
papers (96-99). 


The instability of benzocaine in throat lozenges was 
reported to be due to  the reactivity of the primary amine 
group (100). Corn syrup, citric acid, and natural cherry 
flavors, three commonly used excipients of throat 
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lozenges, were observed to be incompatible with benzo- 
caine. The stabilizing effect of the ortho-hydroxyl group 
on the acid and base hydrolysis of amides was shown in 
a comparison of salicylamide to  benzamide and other 
N-substituted derivatives (101). Benzamide was even 
less stable in alkaline than in acid media. The stability 
of the phenolate ions may result from a resonance 
effect, with consequent resistance to nucleophilic attack 
by hydroxyl ions. 


Studies carried out on dilute prostaglandin solutions 
indicated that the F series compounds are very stable 
in an alkaline pH, while those of the E series are rapidly 
inactivated. In an acid pH, however, the members of 
the E series are more stable than those of the F series 
(102). Contact with various types of rubber stoppers was 
shown to affect the stability of benzalkonium chloride 
solutions (103). Autoclaving of carbachol solutions 
buffered at a pH between 5 and 6 had no effect on drug 
stability, while a similar amount of heat applied to 
unbuffered solutions caused 5-10 % decomposition 
(104). 


Other papers of interest relating to the topic of 
stability are listed in Table 111. 


Stability Kinetics-An apparatus for determining the 
stability of drugs under nonisothermal conditions was 
described (123). Details were presented for devices 
that allow programmed automated control of tempera- 
ture, light, and pressure within the apparatus. The 
employment of the stirred-flow technique to develop 
mathematical equations for complex kinetic runs was 
described by Taylor (124). A computer program for 
chemical kinetics was used to update kinetic experi- 
ments and to correct the laboratory procedure used in 
these experiments (125). 


In a comparative study of three methods for pre- 
dicting the stability of aspirin and ascorbic acid solu- 
tions, the direct application of chemical kinetics at ac- 
celerated temperatures and the use of the Arrhenius 
equation gave predicted shelflife values that coincided 
with those obtained experimentally after storage at 25 O 


(126). Maulding et af. (127) were able to predict the 
compatibility of aspirin with various tablet excipients, 
based on the hydrolysis rates of aspirin observed in 
aqueous suspension of the excipients. 


Hydrocortisone hemisuccinate degradation was ob- 
served to occur in consecutive first-order reactions, the 
ester hydrolysis being facilitated by way of an intra- 
molecular attack. The formation of a species devoid of 
the 17-dihydroxy acetone side chain subsequent to the 
formation of the steroid alcohol was confirmed in the 
experiments (128). 


The light-catalyzed oxidation rate of chlorpromazine 
was shown to depend on the pH of the solution (129). 
The rate of decomposition was observed to be much 
slower in vehicles whose pH is between 2 and 6 than in 
more alkaline vehicles. The pH profile for the degrada- 
tion of hydrochlorothiazide solutions was determined 
by several investigators (130, 131). The pH of maximum 
stability for this compound was observed to occur at 
2.5. The kinetics of dihydroergotamine methane- 
sulfonate were observed to be first order, the pH of 
maximum stability occurring at pH 2.5 (132). The heat 
of activation of this reaction was calculated to be 12-13 


kcal./mole. The autoxidation of sorbic acid in citric 
acid-containing solutions was shown to be accelerated 
by very low concentrations of the ferric or cupric ions 
but inhibited by higher concentrations (133). The acid 
degradation of aldopentoses to furfural and the further 
degradation of furfural were observed to be first-order 
functions of the acid and pentose concentrations (134). 
Although the heat of activation was the same for all of 
the aldopentoses tested, the order of reactivities did 
vary. The steric positioning of the hydroxyls in the re- 
active forms was postulated to be the controlling factor 
in the rate of reaction. The rate of inversion of sucrose 
in aqueous solutions of some strongly dissociated acids 
was investigated by Pethybridge (135). GLC was used to 
study the kinetics and characterize the acid hydrolysis of 
acacia polysaccharides (1 36). The acid degradation 
products were shown to consist largely of galactopy- 
ranose units (present equally as end groups), 3-6 linked 
branch points, and chain units. 


Alkaline hydrolysis was used by Sun and Connors 
(137) to  identify low molecular weight aliphatic esters. 
They obtained rate constants characteristic of the entire 
ester molecule. The hydrolysis of monostearin in aque- 
ous media was noted to follow first-order kinetics and to  
decrease as the pH decreased (138). 


Hydrolysis caused by enzyme systems was the topic of 
several papers. The pH effects of trypsin catalysis of 
N-benzoyl L-alanine methyl ester were thoroughly in- 
vestigated (139). The kinetic results in acidic pH’s sug- 
gest that a group, presumably the imidazole function of 
a histidine residue, is involved in acylation and deacyla- 
tion, while those in basic solutions suggest that another 
group, presumably the -NH3+ function of a terminal 
isoleucine, controls the activity of the enzyme at differ- 
ent stages of complex formation. Dittert et af. (140) 
found that pseudocholinesterases present in human 
plasma were primarily responsible for the enzymatic 
activity of the plasma on the hydrolysis of 4-acetamido- 
phenyl-2,2,2-trichloroethyl carbonate. 


The hydrolysis of acylcholines in both acidic and basic 
solutions was evaluated in the presence of borate buffers 
(141). In acidic solutions, acylcholines with longer 
hydrocarbon chains were considerably more stable 
than those with shorter chains. In basic solutions, acyl- 
cholines degraded in a first-order manner below the 
critical micelle concentration (CMC) but not above. 
This phenomenon was postulated to be due to the for- 
mation of an anionic fatty acid which complexed with 
the undegraded cationic acylcholine, thus repressing 
hydrolysis. The effects of pH and buffer concentration on 
derivation of rate equations for the hydrolysis of ethyl 
glucuronate in phosphate buffers received attention in a 
very interesting paper (142). The kinetics of mesa-inosi- 
to1 hexanicotinate were investigated in acidic solution 
to determine the gastric stability of this substance as a 
possible explanation of its absorption from the gastro- 
intestinal tract (143). The compound hydrolyzes 10 
times faster than other nicotinic acid esters in acid soh- 
tion. The kinetics and mechanism of the reaction be- 
tween hydroxylamine and succinamide or ethyl acetate 
were thoroughly investigated by Notari (144-146) in a 
series of papers. The rate of formation of 2-dimethyl- 
aminoethanethiol propionate from propionic anhydride 
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Table IV-Additional References on Stability Kinetics 


Ref- 
erence Topic 


1 50 


151 


152 
153 
154 


155 


156 


157 
158 
159 


160 
161 


~~ 


Kinetics of esterification of phthalic anhydride with 


Kinetic study of nucleophilic addition of diethyl phos- 


General acid catalysis of the dichromate ion 
Degradation of phenylsulfonyl-5,5-diphenylhydantoins 
Kinetics of hydrolysis of phosphatidyl choline and 


Hydrolysis of isothiocyanic acid in strongly acidic solu- 


Kinetics of hydrolysis of N-benzylidene halogenanilines 


Kinetics of chloropyramine decomposition 
Review of hydrolysis of barbituric acid derivatives 
Kinetics of synthesis of hydroxysulfonated fatty acid 


Kinetics of acetylcholinesterase inhibition by atropine 
Thermodynamics of the hydrolysis of adenosine tri- 


model alcohols 


phate to benzylideneanilines 


lysophosphatidyl choline 


tion 


in aqueous methanol solutions 


esters 


phosphate 


and 2-dimethylaminoethanethiol was observed to ex- 
hibit a pH dependency which could be explained by 
assuming the thiol anion to be the attacking species 
(147). Differences observed in the kinetics of propionyl 
thiocholine iodide and 2-dimethylaminoethanethiol 
propionate were attributed to the stabilization of the 
hydrolysis transition state by a protonated nitrogen at a 
lower pH and by the quaternary nitrogen atom at a 
higher pH (148). The rapid stop-flow system was utilized 
to study the kinetics of the oxidation of cystine by 1,3- 
dihydro-l-hydroxy-3-oxo-l,2-benziodoxole (149). The 
rate constants were determined, and the mechanism of 
reaction was postulated for this system. 


Other kinetic papers of interest are listed in Table IV. 
Antibiotic Stability-The kinetics and mechanism of 


degradation of ampicillin were investigated by Hou 
and Poole (162). The pH rate profile in buffer solutions 
showed a minimum at a pH of 4.85, while at zero buffer 
concentrations the maximum stability was shifted to a 
pH of 5.85. Similar studies were carried out with regard 
to hetacillin decomposition (163). It is clear that hetacil- 
lin initially decomposes to ampicillin, the decomposi- 
tion rate being greatest in the presence of phosphate ions 
and least in the presence of the citrate ion. The mech- 
anisms and rates of catalysis of penicillins by the cupric 
ion and aminocatechols were investigated by various 
workers. The cupric ion-penicillin complexation was 
postulated to occur at a catalytic site which promotes 
the rapid degradation of the antibiotic in the presence of 
the metal (164). The catecholamines were observed to 
catalyze the hydrolysis of penicillin in neutral pH by a 
mechanism similar to that postulated for several hydro- 
lytic enzymes (165). The antigen which causes penicillin 
allergy may be formed by aminolysis of the antibiotic 
uiu a mechanism involving its decomposition in the 
presence of poly-L-lysine and tris(hydroxymethy1)- 
aminomethane (166). Subsequent studies indicated that 
poly-L-lysine catalyzes the hydrolysis of penicillin to 
penicilloic acid as well as the aminolysis of the antibiotic 
by tromethamine (167). Differential thermal analysis 
was used to identify stearic acid as the inactivating com- 
ponent in tablets of sodium dicloxacillin (168). This 
method also indicated the incompatibility of stearic 
acid with penicillin G and sodium oxacillin but not with 


ampicillin. The results were substantiated by chemical 
analysis after storage of the combinations at  accelerated 
temperatures. Anionic surfactants were observed to 
increase the stability of penicillin in ophthalmic solu- 
tions and ointments, while cationic surfactants did not 
appear to  have such an influence (169). 


Chloramphenicol in solution was observed to de- 
compose faster a t  pH’s above 8, particularly when ex- 
posed to light (170). The effect of polysorbate 80 (Tween 
80) on the acid hydrolysis and discoloration of chlor- 
amphenicol was reported in a series of interesting papers 
(171, 172). The mechanism of solubilization of chlor- 
amphenicol by polysorbate indicated that the palisade 
layers of micelles are responsible for the solubilization 
and will hinder the degradation of the antibiotic, espe- 
cially at  alkaline pH’s. The addition of polysorbate 80, 
however, was observed to accelerate the color formation 
of chloramphenicol solutions, primarily because of con- 
tamination by trace metals found in the surfactant. 


The kinetics of hydrolysis of antimycin A in solution 
was reported to follow classical consecutive first-order 
kinetics (173). The addition of ascorbic acid was demon- 
strated to prevent the oxidative decomposition of tetra- 
cycline due to air, light, and the presence of riboflavin 
(174). The rates and mechanism of catalysis of strep- 
tovitacin A were discussed in an interesting paper by 
Notari and Caida (175). The dehydration of this anti- 
biotic gave rise to anhydrostreptovitacin A, with no 
evidence of the formation of the phenolic product. 


Additional references on antibiotic stability are pre- 
sented in Table V. 


Vitamin Stability-The influence of various ad- 
ditives on the stability of vitamin A was considered in 
various papers. The aluminum salts of fatty acids 
were shown to  stabilize vitamin A in mixtures with 
tocopherols and lecithin (180). Proteins, as found in 
gelatin, enzyme-hydrolyzed casein, and ground nut 
protein, displayed a protective action for vitamin A, 
even in the absence of antioxidants (181). Dextrose 
and sodium benzoate, however, increased the autoxida- 
tion of vitamin A under similar conditions. The influence 
of water on the stability of anhydrovitamin A in ethanol 
was investigated (182). The stability was shown to be 
universally proportional to the water content of the etha- 
nolic solutions. 


The addition of chelating agents and the purging of 
oxygen from the vehicle were shown to stabilize 
thiamine bromide solutions for use in ampuls (183). 
These ampuls, after sterilization and storage for 2 years 
at  20°, still met official potency limits. Thiamine hydro- 
chloride tablets were observed to degrade in a pattern 
in which an apparent equilibrium was reached (184). 
The amount of thiamine at  equilibrium depends on the 


Table V-Additional References on Antibiotic Stability 


Ref- 
erence Topic 


176 


177 
178 Shelflife of chloramphenicol solutions 
179 


Review of stability and incompatibilities of various 


Stability of various penicillins in animal foods 


Effect of storage on biological activity of streptomy- 


antibiotics 


cin solutions 
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Table VI-Additional References on Vitamin Stability 


Ref- 
erence Topic 


204 
205 Degradation of thiamine solutions 
206 


Review of methods of stabilizing vitamin preparations 


Effect of sterilization temperatures on vitamin DI in- 
jections 


207 
208 


Review of stability of ascorbic acid solutions 
Compatibility of vitamin K with various drugs 


amount of moisture present and exhibits a minimum at 
a 5.5 moisture content. The model proposed for such 
a system presumes that the thiamine dissolved in the 
water adsorbs on the cellulose and that the thiamine 
present in the monolayer degrades totally, whereas the 
thiamine in layers beyond the monolayer does not de- 
grade. The kinetics and mechanism of degradation of 
various thiamine derivatives were outlined in a series 
of very interesting papers (185-187). The stabilities of 
these different derivatives were compared with those 
of thiamine under similar conditions. 


Various flavors present in vitamin Blz solutions were 
found to exert a significant influence on their stability 
(188). Vitamin B,, suppositories were reported to be 
stable when prepared by coating the microgranules con- 
taining the vitamin prior to their incorporation into the 
suppository mass (1 89). 


The kinetics of cupric chloride-catalyzed autoxida- 
tion of L-ascorbic acid were found to be related to the 
polarity of the solvents employed (190). The ionization 
of ascorbic acid to the ascorbate ion, which is affected 
by the solvent polarity, was postulated as one of the 
factors controlling the rate of degradation of the vitamin 
in solvents of different polarities. The cupric-ion cataly- 
sis of ascorbic acid solutions was hindered by 2 z  
sucrose or 0.1 citrate in the presence of commonly 
used preservatives (191). The action of Complexon 111 
(ethylenediaminetetraacetic acid) on the stability of 
L-ascorbic acid solutions was demonstrated to be po- 
tentiated by the presence of acetic, citric, tartaric, meta- 
phosphoric, oxalic, and hydrochloric acids (192, 193). 
Ascorbic acid monostearate was shown to have greater 
stability than free ascorbic acid, especially in alkaline 
solution (194). The thermal degradation of thiamine and 
ascorbic acid combinations in aqueous solutions was 
investigated (195). Thiamine exerts a protective action 
on ascorbic acid only in aqueous solutions and not in 
the presence of citrate or phosphate buffers. 


The stability of vitamin Dz in the solid state was the 
subject of a very thorough investigation by Takahashi 
and Yamamoto (196-202). In the presence of calcium 
phosphate and talc, the vitamin was shown to isomerize 
readily, yielding isocalciferol and isotachysterol. The 
isomerization was observed to be catalyzed by surface 
acid on the excipients. Storage of the powders under 
conditions of high humidity increased the stability of 
the vitamin, since the surface acidity was decreased by 
the absorption of moisture. Further investigations indi- 
cated that vitamins such as ascorbic acid, thiamine hy- 
drochloride, and pyridoxine hydrochloride, which have 
a high surface acidity in the dry state, behave in a similar 
manner. 


The effect of polysorbate 80 and sodium lauryl sul- 
fate on the photolytic degradation of flavine mono- 
nucleotide was investigated through measurement of 
the electron-spin resonance of semiquinone, an inter- 
mediate degradation product (203). The degradation 
was observed to follow first-order kinetics in the dark, 
both additives accelerating the formation of the semi- 
quinone derivative. 


Other references pertaining to vitamin stability are 
given in Table V1. 


PHARMACEUTICAL TECHNOLOGY 


A series of review articles on the current aspects of 
pharmaceutics discussed a wide number of topics, in- 
cluding drug release and absorption, drug solubility, 
preservatives, chemical stability, physical stability, and 
packaging (209-212). Other articles outlined the general 
concepts involved in the formulation of products con- 
taining corticosteroids or hormones having polypeptide 
structures (213, 214) and reviewed the possible incom- 
patibilities of these hormones with the excipients present 
in various dosage forms. Schumacher (215) presented a 
very thorough review of the bulk-compounding tech- 
nology utilized in the preparation of liquids, suspen- 
sions, emulsions, and ointments. The main trends in 
pharmaceutical research and development were also 
aptly reviewed (216). 


Parenterals-Possible contamination of parenteral 
products by the packaging components was the topic 
of several interesting papers. Contamination with 
heavy metals from ampul glass as a result of washing 
was eliminated by an acid rinse followed by a wash with 
deionized water (217). Zinc ions eluted from rubber 
stoppers were shown to  affect the stability of dextran 
solutions (218). White rubber stoppers were shown to 
elute more zinc than black butadiene acrylonitrile rub- 
ber stoppers (2 19). Atomic absorption spectrophotom- 
etry was used to detect amounts of silicone removed 
from disposable plastic syringes by distilled water 
washes (220). 


The factors influencing the turbidity occurring in 
parenteral solutions containing polysorbate 80 and 
benzyl alcohol were pointed out (221). The turbidity 
was determined to be a function of the concentrations of 
the components and the temperatures to which they are 
exposed. The use of benzyl benzoate in preparing solu- 
tions of steroids in peach oil was described (222). Such 
oil solutions of hydroxyprogesterone capronate and 
androstenediol dipropionate did not show the presence 
of crystals after 1 year of storage at  - 26". 


A closed system of incorporating nitrogen into vials 
was found to be much more effective than conventional 
systems for preventing the degradation of the active 
agent by aerobic oxidation (223). The advantages and 
methods employed in the nitrogen flushing of products 
stored in metal containers were discussed (224). 


A new stratified lyophilization technique and an ex- 
ample of the use of this technique in preparing ACTH 
preparations with prolonged action were described in 
two interesting papers (225, 226). The presence of iso- 
nicotinic acid hydrazide was shown to decrease sig- 
nificantly the potency of streptomycin and p-aminosali- 
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cylic acid after freeze-drying (227). Solutions prepared 
without the hydrazide but under otherwise similar con- 
ditions showed no losses in potency. Injectable solutions 
of sodium sulfathiazole in a 10% sorbitol solution 
stored under nitrogen were shown to be stable after 
storage for 14 months at 37" (228). 


Other papers of interest in the category of parenterals 
are given in Table VII. 


Sterility-A very complete review of the different 
techniques utilized for sterilization was presented by 
Doyle (233). The advantages of the continuous steriliza- 
tion technique were presented in two excellent papers 
(234, 235). Such sterilization is accomplished in towers 
in which carrier-conveyor baskets filled with containers 
pass through a succession of zones where the temperature 
is regulated by water, steam, and air. This method was 
postulated to be superior to the classic autoclave 
met hod. 


The efficiency of gaseous sterilization was described 
by several authors (236,237). A nonexplosive mixture of 
ethylene oxide and methyl bromide was shown to be 
effective against a variety of spores (238). Sterility was 
achieved in 2-48 hr., depending on the object to be 
sterilized and the conditions applied. The adsorption 
and desorption of ethylene oxide on rubber, polyeth- 
ylene, and polyvinyl chloride objects were investigated 
(239). It  was shown that the adsorbed gas remains as a 
residual for prolonged periods of time unless desorption 
is accelerated by heating. Ethylene oxide-sterilized 
plastic medical devices showed no significant toxicities 
24 hr. after sterilization (240). The disinfectant action 
of peracetic acid and formaldehyde on equipment was 
also demonstrated in a series of interesting papers 
(241-243). Complete sterilization of microbes was 
achieved with a 0.5% peracetic acid solution in 1-30 
min. 


The bacteriological aspects of sterilization by the use 
of y-radiation were reviewed, with emphasis on the 
mechanism of action and the factors influencing the 
radiation resistance of bacteria and other microorga- 
nisms (244). The specific uses of radiosterilization in 
pharmaceutics were reviewed by several authors (245, 
246). A dose of between 2.5 and 4 mrad sterilized all 
solutions tested. Physical as well as chemical changes 
were observed in certain cases, especially when aqueous 
solutions were irradiated. Similar losses in potency were 
described after irradiation of aqueous solutions of 
atropine, morphine, and lidocaine (247). The amount of 
degradation was increased by an increase in the radia- 
tion and by a concentration of oxygen above the irra- 
diated solution. Sterilization of hydrocortisone and 
chloramphenicol ophthalmic ointments by y-radiation 
did not cause any change in the physical or chemical 
properties of the ointments but did increase the number 
of free radicals present (248). No changes in characteris- 
tics or properties of surgical appliances, especially those 
of biological origin, were observed after irradiating 
them with 2.5 mrad (249). This radiation level gave 
complete sterility of all products tested. Changes in- 
duced in fats and glucose solutions as a result of heat 
sterilization were described in two papers (250, 251). 
These changes were reportedly caused by the high tem- 
peratures required. 


Table VII-Additional References on Parenterals 
~~ 


Ref- 
erence Topic 


229 Chemical resistance tests on Indonesian ampuls 
230 Use of homemade detergents in cleaning ampiils 
231 pH and resistance of liquids used in injectable 
232 Review of incompatibilities of numerous injectable 


drugs 


Methods of sterilizing objects by the use of steam as 
well as by dipping them into chemical preservative 
solutions were studied (252, 253). Although these tech- 
niques can be used to sterilize Plexiglas objects and 
polyethylene hypodermic syringes, none is capable of 
sterilizing rubber stoppers. 


Various techniques for sterility testing of pharma- 
ceutical products were described in two review articles 
(254, 255). The membrane filtration technique was con- 
sidered the method of choice for determining the bac- 
terial content of liquids. The significance of sample size 
and sample ratios in sterility testing of drug products 
was discussed in a very interesting paper (256). To 
eliminate preservative or drug effects in testing paren- 
teral solutions, the optimum sample size is 10 ml. and 
the optimum dilution in the culture medium is 1:64. 
Thioglycollate was deemed an unsatisfactory medium 
for general sterility testing, especially when only a small 
amount of contamination is present (257). This medium 
was felt to be reliable only for the detection of Profeus 
species. 


Tablets and Capsules-Some of the controls and 
testing methods used in tableting were outlined in an 
excellent article by Sinotte (258). Special considera- 
tion was given to the potential for automatic testing and 
the advantages and disadvantages of automating these 
processes. 


The concepts of comminution and its effects on the 
properties of powders thus ground were briefly reviewed 
in several papers (259, 260). The factors affecting the 
efficiency of grinding during jet milling were studied for 
the grinding of calcite using a 20-mm. diameter jet mill 
(261). These experiments evaluated the effect of the 
feed rate of the solids, the injector nozzle pressure, and 
the grinding nozzle diameter on the particle-size dis- 
tribution. Several new techniques for measuring particle 
size of powders were investigated. An average particle- 
size-measuring technique was developed, giving stan- 
dard deviations of approximately 2.5 %, based on the 
observation that the bulk volume of powders needed to 
form a single layer on an area of fixed size is propor- 
tional to the average particle size. This method requires 
the use of calibration curves for different types of solids 
and is less applicable to powders and very small non- 
spherical particles which do not pack reproduci bly 
(262). The use of an attenuated light beam passing 
through a settling suspension of particles was utilized to 
develop theoretical curves for determining the size 
distribution and specific surface of the powder being 
investigated (263). 


The effect of particle shape on the angle of repose, 
bulk density, and rate of flow through an orifice was 
investigated using sand (264). In  all size ranges in which 
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there is an increasing departure from the spherical, 
the angle of repose increases while the bulk density and 
flowability decrease. The rate of flow of a powder 
through a circular orifice was reported to be a function 
of the particle size, bulk density, cohesiveness, tensile 
strength, and shear index of the powder. Different 
methods of measuring cohesiveness and the effect of 
glidants and particle size on cohesiveness of a series of 
powders were demonstrated (265). In the case of gran- 
ular solids passing through a circular orifice, differences 
due to shape, density, porosity, and friction of particles 
could be eliminated by using the term for bulk density 
instead of particle density in the flow equation (266). 
The packing properties of powder particles in centrif- 
ugal fields were investigated using calcium carbonate 
and aluminum oxide powders (267, 268). The results 
supported the assumption that the bulkiness of a fine 
powder is the product of the forces of interparticle 
adhesion and the external forces acting on the individual 
particle. The use of a shear cell has been proposed to 
measure the cohesiveness and tensile strength of powder 
as well as the mechanistic behavior of such powder 
under shear (269, 270). Some of the processes con- 
sidered are plastic deformation and structural changes 
such as consolidation or dilation, blockage to resist 
continuation of motion, and particle orientation, all of 
which occur in the powder bed. Utilizing this apparatus, 
a relative shear force and index of retention value can 
be defined. 


The effect of lubricants and surface-active agents on 
the flow of powders was evaluated. Studies on a capil- 
lary vibroviscosimeter indicated that the addition of 
surface-active additives lowers the viscosity of a flowing 
powder. The magnitude of this effect, however, was 
decreased by increasing the vibration rate (271). The 
viscosity and the angle of repose increased and the 
packing density decreased with an increase in tempera- 
ture above loo”, a level at which moisture has a neg- 
ligible effect on the adhesiveness of powders (272). 
Lubricants were observed to reduce the angle of repose 
of powders and to improve their flow characteristics 
(273). With the addition of ultrafine solid additives, the 
adhesive forces of strongly adhesive materials were 
decreased and those of less adhesive powders were in- 
creased (274). These results were interpreted to mean 
that an ultrafine additive roughens the surface of a 
powder particle enough to increase its friction coeffi- 
cient and to decrease its adhesion forces. 


Based on a diffusion model, Hogg et al. (275) de- 
veloped a quantitative theory to describe the mixing 
of particulate systems in which one component is pres- 
ent in trace quantities. The theoretical expressions 
derived to predict the rates of mixing of identical com- 
ponents, both as spherical and as angular particles, 
agreed with the data obtained. Three probability dis- 
tributions were defined governing particle movement 
within a horizontal drum mixer (276). A relationship 
for the diffusion coefficient, based on the probability 
distributions, was derived from Fick’s first law. The 
frequency of collisions resulting in particle movement 
was determined by the interaction between mixer speed 
and load. The average distance that a particle travels is 
affected by mixer load but not by speed. The convective 


and surface mixing of tracer particles of a granular 
material over a horizontal blade moving relative to a 
bed was investigated (277). The horizontal movement 
is determined by the blade height and immersion and 
the relative velocity of bed to blade and gravity, while 
the vertical movement is also affected by the particle 
diameter. The relationship between sample weight and 
the coefficient of variation as a mixing index and mixing 
ratio was examined in a V-shaped mixer, utilizing dif- 
ferent mixing ratios (278). In the case of adhesive in- 
gredients such as salicylic acid, the charging point and 
the size of the diluent were found to have a marked 
effect on the mixing rate. Such phenomena were be- 
lieved to be due to differences in adhesive force between 
the same and different kinds of particles or between the 
particles and the walls of the mixer. 


The physical and mechanical factors affecting the 
compression of tablets were described in a wide range of 
papers. The powder segregation that occurs during die 
filling consists of the finer particles (“fines”) filtering 
through to the bottom of the moving powder mass, 
where it builds an inner mound of fine rich material 
on the bottom of the die and an excess of coarser mate- 
rial at the periphery of the die cavity (279). This segrega- 
tion is lessened when the amount of fines is decreased, 
the rate of die fill is increased, or the height from which 
the powder falls is increased. The pressure on the die 
wall was observed to increase with a decrease in the 
hardness value of the material being compressed (280). 
The maximum compression force required for tableting 
granules was dependent on the granule size, although 
the energy required for tableting was similar for all 
sizes (281). The smaller granules were observed to 
decrease the time of the first compression phase. 
Experiments with an automated tablet press showed 
that for the limited range of dimensions applicable 
to most pharmaceutical tablets, there exists a common 
linear relation between the applied compaction 
pressure and the force lost to the die wall per unit area 
of apparent die wall contact during compression (282). 
During tablet compression, pressure is believed to be 
transmitted in two directions: along the compression 
and along the die wall (283). A model was presented to 
show the phenomena which occur during repeated 
compressions; this model illuminates some facts about 
the internal structure of compression-molded substances 
and illustrates the need for lubricating agents (284). 


The physical and mechanical factors utilized in pre- 
paring directly compressed tablets were discussed (285). 
Modification of the specific gravity of the compressed 
material was observed to modify its other character- 
istics. The tableting properties of directly compressible 
starch, STA Rx 1500 brand of starch, and a material 
derived from beets were also described (286-289). The 
fluidity and compressibility of these materials made 
them especially useful for direct compression. The 
effects of hydroxypropyl methylcellulose, carboxy- 
methyl dextran, starch dextrans, xylitol, talc, and cy- 
clamic acid on the properties of tablets were discussed 
by a great many authors (290-302). Polytetrafluoro- 
ethylene was successfully used as a lubricant in the com- 
pression of powders as well as being bonded to the tips 
of punches to reduce the adhesion between them and the 
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tablets (303). The properties of Aerosil (pyrogenic 
silica) and its use as a glidant were discussed. In some of 
these studies the addition of Aerosil increased the dis- 
integration time of tablets prepared from inorganic 
salts (304-306). The crystalline form as well as the gran- 
ular character of lactose was observed to affect the 
properties of tablet formulations (307). In a thorough 
investigation, dicalcium phosphate, calcium sulfate, and 
magnesium carbonate were compared with glucose and 
sucrose as diluents in the tableting process, the relative 
merits being judged by the quality of the finished tablets 
(308). The optimum tableting pressure for these mate- 
rials was determined, and the effect of this pressure on 
the required ejection force and the tablet properties was 
discussed. Under the experimental conditions, the in- 
organic salts were clearly superior to glucose and sucrose 
as diluents. In tablets prepared with polyethylene glycol 
4000 as a binder, not only the active ingredient used 
but also the granulation procedure and the moisture 
present in the powder mixture were observed to affect 
the hardness and porosity (309). 


The effect of various materials on the disintegration 
times of tablets was well documented (310-318). In 
general, additives were placed into three classes: those 
acting as capillary-forming agents, as in the case of 
starch; surface-active agents such as Tween 80; and 
swelling agents such as ultraamylopectin. The latter two 
types were more effective than starch in lessening the 
disintegration time of certain hydrophobic materials. 
The mechanism of tablet disintegration was discussed on 
the basis of cohesive and adhesive properties of the 
particles. For a tablet to disintegrate, the dispersion of 
the particles caused by the penetration of water must 
overcome the forces binding the particles through 
cohesion and adhesion (319). The inhibitory effect 
of magnesium stearate on the penetration of liquids 
into tablets was found to be roughly proportional to 
its concentration in the tablets (320). With tablets of 
sulfamethazine, high-viscosity binders prolonged dis- 
solution and hydrophilic binders shortened it, although 
both types of binders gave similar disintegration times 
(321). The dissolution rates in both cases were shown to 
be directly proportional to the amount of binder added. 
The particle size of aspirin after disintegration from 
tablets was shown to be different from that used in 
preparing the tablets, even in the presence of starch. 
Large particles were broken, while small particles were 
observed to be agglomerated and partially aggregated 
to larger particles, thereby negating the therapeutic ad- 
vantage of finely divided aspirin (322). The effect of 
tablet form on physical properties was the subject of an 
interesting paper (323). I t  was noted that the disintegra- 
tion time of tablets was dependent on the surface area, 
flat tablets disintegrating somewhat more rapidly than 
convex tablets. The breaking strength of convex tablets, 
however, was found to be greater than that of flat 
tablets. Taking all factors into consideration, the au- 
thors concluded that strongly convex tablets are often 
preferable. 


The porosity, pore-size distribution, and water per- 
meability of several different coating powders used for 
subcoating sulfathiazole tablets were evaluated (324). 
Powders consisting of acacia, sucrose, titanium dioxide, 


Table VIII-Additional References on Tablets and Capsules 


Ref- 
erence Topic 


333 


334 


335 


336 


337 


338 


339 


340 


341 


342 


343 


344 
345 
346 
347 
348 


349 
350 
351 


352 


353 


354 
355 


356 


357 
358 
3 59 
360 
361 


Comparison of methods of determining specific surface 
of powders 


Influence of Darticle size on fluiditv of binary mixtures 
of starch with various pharmaceuticals 


maceutical powders by centrifugal method 


ical from nonspherical particles 


steel balls 


the rate of mixing and segregation 


crystalline pharmaceutical materials 


down force required in rotary tablet machines 


on weight distribution of tablets 


form dry powders 


pharmaceuticals 


Comparison of adhesive forces of different phar- 


Method proposed for the efficient separation of spher- 


Photographic study of the two-dimensional flow of 


Influence of physical properties of, particulate solids on 


Comparison of microhardness and elastic modulus of 


Significance of formulation on the lower punch pull- 


Review of formulation variables and tableting factors 


Encapsulation of liquid and solid aerosol particles to 


Review of theory and operation of granulation of 


New methods of granule production 
Effects of granule size on homogeneity of tablet weight 
Effects of moisture on tablet manufacture 
Effects of storage on dissolution of aspirin tablets 
Expansion of compressed starch tablets due to mois- 


ture sorption 
Review of absorbable tablets 
Determination of the optimum weight of tablets 
Formulations for soluble tablets for preparing eye 


drops 
Formulations for the manufacture of sodium p-amino- 


salicylate tablets 
Use of urea in preparing tablets of benzalkoniurn 


chloride 
Processing of urea inclusion compounds into tablets 
Review of various coating materials for use in tablets 


and capsules 
Preparation of subcoatings in the manufacture of 


coated tablets 
Use of shellac and seed lac as enteric coatings for tablets 
Review on color coating of tablets 
Characteristics of Farmoids in sugar coating of drugs 
Use of synthetic dyes in tablet making 
Review of polymers useful in preparing capsules soluble 


in intestinal fluids 


talc, calcium carbonate, and Aerosil formed the coatings 
that were considered to have the best properties. Ex- 
clusion of Aerosil from this powder resulted in the 
formation of a more compact coat having fewer and 
smaller pores. Polyvinyl acetal diethylamino acetate 
was investigated for use in preparing a gastric-soluble 
protective coating for tablets (325). The effectiveness of 
this material, which is soluble in a wide variety of or- 
ganic solvents and aqueous solutions of pH less than 
5.8, was determined in vivo by obtaining blood levels 
following the administration of coated triacetylolean- 
domycin and barium sulfate coated tablets to dogs. 
Other coating materials evaluated with regard to their 
properties and physical stability on aging were those 
consisting of zein, polyvinylpyrrolidinone, sodium 
carboxymethylcellulose, cellulose acetate phthalate, 
Polyox WSR 205, and WRS 301 (water-soluble resins) 


The manufacture, filling, and coating of hard-gelatin 
capsules were very capably reviewed by Jones (329). 
The transfer of water vapor through capsules and the 
experimental equilibrium water constants were de- 
termined for encapsulated starch and microcrystalline 


(326-3 28). 
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cellulose stored in closed containers (330). The equilib- 
rium constants and the estimated values calculated 
from the sorption isotherms of these substances were 
observed to be in good agreement. Capsules were 
evaluated for filling characteristics after being filled 
with cornstarch or lactose, with or without Aerosil as 
a glidant, by a semiautomatic ring-filling method. On 
powders without Aerosil, the coefficient of variation of 
the dose showed that filling by a screw auger was more 
accurate than by a flat one. The powders containing 
Aerosil exhibited maximum deviations between 0.1-2 
of the glidant (331). The use of a shellac coating on 
capsules of pancreatic enzymes to prevent dissolution in 
gastric fluids was evaluated both in vitro and in vivo 
(332). This coating inhibited release of the enzymes for 
at least 2 hr. in artificial gastric juice, yet the enzymes 
were released in less than 1 hr. when placed in synthetic 
duodenal fluid. 


Further references of interest in the field of tablets 
and capsules are given in Table WIT. 


Suspensions-The effects of the nature of the sus- 
pended solids, surface charge {-potential, and shear 
rate on the properties of dispersed systems were thor- 
oughly reviewed in several excellent papers (362-364). 
A rotational viscosimeter was used to measure the ap- 
parent rheological properties of rapidly settling sus- 
pensions (365). Using this data, a generalized correlation 
between the viscosity of the medium and the viscosity of 
the suspension was developed to predict the apparent 
viscosity of such rapidly settling suspensions. Measure- 
ments were presented on kaolin suspensions, which con- 
firmed that interaction between the suspended particles, 
macromolecules of the suspension media, and elec- 
trolytes influences the flow behavior and stability of the 
suspensions (366). The adsorption of ions on the sur- 
faces of suspended particles, by changing their distribu- 
tion in an electrical field, influences their coagulation, 
flocculation, and sedimentation characteristics through 
the formation of electrical double layers. The sedimenta- 
tion and flocculation of dispersed phases were investi- 
gated utilizing suspensions of calcium carbonate (367). 
The volume of immobilized medium present on the 
particle surface varied, depending on the kind of sus- 
pending medium; the larger the volume of the im- 
mobilized medium, the greater was the effect on struc- 
tural viscosity. In a review of the mechanism of floccula- 
tion and floccule sedimentation, it was pointed out 
that theories applicable to colloidal systems must be 
modified when paracolloidal particles are present (368). 
The existence of order in dilute colloidal suspensions due 
to long-range electrostatic forces was shown by the 
measurement of diffraction of light caused by such 
suspensions (369). 


The effect of the concentration and the shape and 
size of the solid on the settling of a suspension was out- 
lined in several papers (370-372). Numerical data ob- 
tained by utilizing such a model system compared well 
with the actual experimental data obtained using alu- 
minum oxide suspended in salt solutions. 


The rheology of kaolin suspensions was the topic of 
many interesting papers. The curves of yield stress 
versus pH were shown to exhibit a maximum for sodium 
kaolinite at pH 5.75, for aluminum kaolinite at  pH 


7.95, and for the acid form of kaolinite at pH 7. The 
maximum appeared to occur at the zero point of charge 
of the kaolinite edges, which is partly dependent on the 
ionic environment in which the clay is prepared (373). 
The kaolin-water system was used to illustrate tech- 
niques for determining the electrophoretic mobility of 
particles in suspension (374, 375). These data were used 
to show the relation between the salt flocculation value 
of a suspension and its electrophoretic mobility. 


The viscosity of various kaolin suspensions was ob- 
served following the addition of a basic aluminum 
chloride complex (376). After addition of only small 
amounts of the complex, the clays still showed individual 
differences; but at higher concentrations, common 
trends could be distinguished, indicating that the ad- 
sorption of the complex masks the individual surface 
characteristics of the kaolin particles. The negative 
surface charge of kaolin was shown to increase during 
oven drying of suspensions of kaolin containing a 
soluble phosphate (377). The viscosity of certain kaolin- 
water systems was correlated with the rnontmorillonite 
content of kaolin (378). Transition from low viscosity to 
high viscosity occurred when the montmorillonite content 
exceeded 5 %. Adsorption of hexadecyl sulfate by kao- 
linite crystals was postulated to occur on edges of the 
tabular kaolinite crystals, forming a bimolecular layer 
which causes the edges to become negative and defloc- 
culation to occur (379). The rheological behavior of 
other clay systems was also extensively investigated. 
The electrical double-layer theory was used to analyze 
an idealized clay particle system, with the purpose of 
describing the mechanical stability in terms of attractive 
and repulsive forces (380). The general pattern of be- 
havior of the model was shown to be compatible with 
the behavior of the clay mass. The chemical factors 
involved in the flocculation of clay slurries were pointed 
out by Slater et al. (381). For a polymer to act as an 
effective flocculant by the “bridging mechanism,” it 
must have a certain extended configuration in solution 
which is influenced by pH, ionic strength, and polyvalent 
counterions, and the polymer must be adsorbed on the 
mineral by multiple functional groups. In various sys- 
tems, this attachment may occur by electrostatic attrac- 
tion, hydrogen bonding, dipole interaction, or even 
covalent bonding. The use of polyacrylamine and poly- 
vinyl alcohol in flocculating and increasing the struc- 
tural strength of bentonite suspensions was pointed out 
(382,383). 


Factors affecting the long-term settling character- 
istics of clay suspensions were described in an interest- 
ing article (384). Temperature and concentration were 
shown to affect greatly the settling characteristics of the 
clays tested. Layering formed most readily in aqueous 
vehicles having a low viscosity and density. A mecha- 
nism was postulated for the deflocculation of clays in 
nonaqueous systems by the addition of amines and 
amino acetates (385). The partition of the amine be- 
tween the clay and the organic liquid was measured, and 
this was considered an important factor in the defloc- 
culating efficiency of the aniine. 


The effect of surfactants on the stability of suspensions 
of bentonite, polyethylene, carbon black, and kaolin 
was the subject of several papers (386-389). In most 
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Table IX--Additional References on Suspensions 


Ref- 
erence Topic 


396 
397 


398 


399 


400 


40 I 
402 
403 
404 


405 
406 


407 


408 


409 


410 
41 1 


412 
413 


Condensation stability of dispersed systems 
Review of factors affecting the stability of pharm- 


aceutical suspensions 
Review of theory of dielectric dispersion of colloidal 


particles 
Review of the formation of dispersed systems and 


spatial structures of these systems 
Comparison of techniques of measuring particle size 


of suspensions using microscopically calibrated 
glass beads 


Spatial distribution of particles in a suspension 
Flow behavior of kaolinite suspensions 
Use of sucrose esters as suspension stabilizers 
Electrostatic forces between clay and cations as cal- 


culated and inferred from electrical conductivity 
Thixotropy of clays 
Influence of monomolecular nonionic agents on the 


behavior of drug suspensions 
Effect of surface and particle size of solid phase on 


sedimentation of talc and zinc oxide suspensions 
Effect of solid-phase concentration and mixing ratio of 


a second solid on the sedimentation of talc and zinc 
oxide suspensions 


Effect of manufacturing conditions of sulfonamide and 
chloramphenicol suspensions on their physical prop- 
erties 


In uitro studies of antacid suspensions 
Effect of magnetic treatment on sedimentation volume 


of montmorillonite suspensions 
Sugar-containing suspensions of chloramphenicol 
Crystal growth studies involving phase transitions in 


aqueous suspensions 


cases, unstable hydrophilic particles can be stabilized by 
the addition of surface-active agents. The temperature 
for optimum stability of these systems, however, was 
shown to increase as the chain length of the surfactant 
used was increased. The relation between the extent of 
dilatancy and colloidal stability of suspensions was 
studied utilizing polysodium methacrylate as a dis- 
persing agent (390). The colloidal stability of this sys- 
tem was varied by changing the degree of dissociation 
of the acid groups of the polymer. The extent of ad- 
sorption of the dispersant was found to correlate well 
with the viscosity measurements. The increase in viscos- 
ity could result from an increase in flocculation due to 
shear. The pH of maximum stability and the maximum 
(-potential were observed to  occur between 7 and 10 
for titanium dioxide suspensions (39 1). This system 
has an isoelectric point at  pH 3, when surface hydroxyls 
on the titanium dioxide surface are completely neu- 
tralized. Above pH 10 the {-potential of this system 
once again drops, with a resultant decrease in stability. 
The stability of aluminum hydroxide in normal alcohols 
and toluene stabilized with surface-active agents was 
postulated to be due to the double-layer electrostatic 
repulsion forces on the gel (392). The effect of impuri- 
ties on the charge of aluminum oxide in aqueous suspen- 
sions was also determined (393). The (-potential of 
the less pure oxide was greater, resulting in increased 
structural characteristics of the suspensions. The im- 
purities on the surface of the aluminum oxide particles 
were postulated to increase the thickness of the firmly 
bound layer, consequently increasing the effective 
particle radius and lowering the amount of dispersive 
medium. 


The effects of ultrasound on the properties of sus- 
pended solids were demonstrated in two interesting 
papers (394, 395). Ultrasonic energy was shown to have 
a greater effect on larger particles than on smaller parti- 
cles. A logarithmic relation was demonstrated between 
the increase in solid surface and the concentration of sus- 
pended solids. Increasing the viscosity of the dispersing 
medium appears to reduce the increase of solid surface, 
while the addition of surfactant enhances it. The maxi- 
mum increase occurs in the region of the CMC of the 
dispersed system. Ultrasonic energy may increase the 
solid surface by reducing the particle size of some mate- 
rials and the agglomeration of others. 


Other articles of interest relating to suspensions are 
described in Table IX. 


Emulsions-Review articles were published on emul- 
sion theory and practice, recent advances in emulsion 
processes, and critical factors affecting emulsion sys- 
tems (414-417). A computer was utilized to solve the 
fundamental flocculation-rate equations, including the 
effects of polydispersity and the particle-particle po- 
tential energy barrier (41 8). These calculations were 
based on the assumption that the only rate-limiting 
process is the passage of particles over the primary 
electrical barrier to the flocculation of the suspension. 
The description of a Coulter counter technique for ob- 
taining size distribution of oil-in-water emulsions was 
presented (419). Although this method compares well 
with other measuring techniques when certain precau- 
tions are taken, it has the same disadvantage of being 
rather laborious. 


The flow characteristics of oil-in-water liquid petro- 
latum emulsions were investigated using a cylinder- 
type viscosimeter (420). The shear rate-shear stress 
curves showed a hysteresis loop which changed from a 
dilatant to a thixotropic form in accordance with change 
in distribution of particle size and state of aggregation 
of the emulsion. The increase in the fineness of particle 
size of the dispersed phase was shown to increase the 
viscosity of the emulsion (421). 


The distribution of surfactant between the water and 
oil phases at  the point of immersion was a contributing 
factor in the type of emulsion formed (422). Placing 
more surfactant in the aqueous phase was shown to 
favor the formation of an oil-in-water emulsion. No 
relation was observed between the rate of coalescence of 
oil droplets in an oil-in-water emulsion and the inter- 
facial tension (423). Although the stability of the oil 
drops differs from the so-called “emulsion stability,” 
the rate of coalescence of drops was observed to cor- 
relate with such stability. The effect of the hydrophilic- 
lipophilic balance (HLB) of the emulsifiers on emulsion 
stability was investigated by a number of workers (424- 
429). The size of the emulsion droplets changed re- 
markably with temperature and HLB of emulsifier. 
The droplets coalesced more readily when close to the 
phase-inversion temperature, and relatively stable oil- 
in-water emulsions were obtained when the phase- 
immersion temperature was 2 0 4 5  ’ above the storage 
temperature of the emulsion. At optimum stability, 
emulsions are relatively insensitive to changes in HLB 
values but are quite sensitive to  the phase-inversion 
temperature of the system being investigated. 
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Table X-Additional References on Emulsions 


Ref- 
erence Topic 


442 Relation between composition of emulsion and its 
viscosity 


443 Continuous oil phase emulsion and inversion 
444 Studies of density gradient in certain oil-in-water 


emulsions using mechanical y-ray analysis 
445 Structure determination of superfat oil-water emul- 


sions 
446 Mechanism of emulsification with special reference to 


solid stabilized emulsions 
447 Evaluation of hydrogenated lanolin, a new oil-water 


emulsifier 
448 Characteristics of ethoxy polysiloxane oil emulsions 


The stabilization of oil-in-water emulsions by the use 
of nonionic detergents was investigated in a series of 
papers by Elworthy and Florence (430-432). The higher 
stability obtained by increasing the glycol chain length 
of the emulsifier was not due to a raised surface po- 
tential but was ascribed to entropic effects. The rate of 
coalescence of the emulsions was related to the {-PO- 
tential, surface concentration, and polyoxyethylene 
chain length. In these systems, the adsorbed film was 
observed to increase the attractive forces between 
particles. The apparent CMC determined from the 
interfacial tension-concentration curves were higher 
than those obtained at the air-water interface. The 
effect of cationic detergents on emulsions stabilized by 
acacia and sodium alginate received attention (433). 
The [-potentials and particle sizes were obtained so 
that the interaction energies could be calculated for these 
systems. By utilizing the observed degrees of aggrega- 
tion, the van der Waals constant was estimated and the 
binding parameters, numbers of binding sites available, 
and free energies of absorption were calculated. Emul- 
sions prepared with Carbopol (water-soluble resin) 
neutralized with hexylamine and 2-ethylhexylamine 
were noted to give stable emulsions, while other shorter 
or longer chained amines yielded poorer emulsions 
(434). These results were rationalized on the basis of 
polymer confirmation and HLB. The use of lecithin, 
starch phosphate, gelatin, and other hydrophilic colloids 
as emulsifiers was evaluated in a series of papers (435- 
437). The viscosities, {-potentials, and stabilities of these 
emulsions were determined. The temperature effects 
and the effects of adding electrolytes or hydrophilic 
colloids to solid, stabilized, kerosene-water emulsions 
were studied (438). Large quantities of electrolytes were 
observed to havea deteriorating effect, which was ascribed 
to chemical changes taking place in the stabilizers. The 
addition of hydrophilic colloids led to better emulsifica- 
tion and finer dispersion. This behavior was attributed 
to the formation of a protective layer which hinders 
coalescence of the oil droplets. The use of mixtures of 
surfactant fatty alcohol emulsifiers to stabilize oil-in- 
water emulsions and alter their consistency from fluid 
to semisolid was described (439). A mechanism involv- 
ing the formation of a viscoelastic network in the con- 
tinuous phase was proposed to explain this self-bodying 
action. 


Peterson (440) thoroughly reviewed factors affecting 
nonaqueous emulsion systems and their stability. 
Anionic emulsifiers are best suited for the preparation of 


stable emulsions; glycerin appears best at low emulsi- 
fier concentrations. Measurement of particle size after 
long periods showed that such emulsions have good 
stability during aging. The factors affecting the forma- 
tion of microemulsions and their resulting properties 
were outlined in an interesting paper (441). The presence 
of excess electrolyte in the aqueous phase was shown to 
inhibit microemulsification. Microemulsions in systems 
based on soaps are strongly cation dependent, while 
those prepared with dodecyl sulfate are independent of 
the nature of the cation. Changing of the water-emulsi- 
fier ratio was observed to have no effect on either the 
total interfacial area or interfacial stoichiometry of the 
microemulsion tested. 


Other articles related to emulsions are presented in 
Table X. 


Ointments and Creams-Ointment bases were clas- 
sified according to  their properties in several interesting 
review articles (449, 450). Lipophilic and hydrophilic 
ointments, the first two classes, were further subdivided 
according to the chemical composition of the bases. 
Diphilic ointments, the third class, were divided into 
those containing emulsifiers and emulsifier-type bases. 


Rheological measurements were made on a number of 
ointment bases over a wide range of temperatures (451, 
452). The addition of a small quantity of complex 
material to a paraffin ointment base was shown to 
change its behavior from elastic to viscoelastic. These 
viscoelastic materials were all assessed in creep testing, 
where fundamental parameters were provided and the 
rheological behavior was represented by mechanical 
models. There was a distinct difference between the 
behavior of creams prepared with ionic and nonionic 
soaps. Lipophilic emulsifiers, such as wool fat alcohols, 
were noted to reduce the yield value and thixotropy of 
petrolatum, but complex emulsifiers had the opposite 
effect (453, 454). The effect of soaps on the yield value 
and consistency of oil-in-water emulsion ointments was 
also carefully evaluated (455). The use of stearic acid- 
sodium lauryl sulfate combinations in these systems led 
to the formation of creams, which were actually fluids 
without a gel structure, while cetyl alcohol-sodium 
lauryl sulfate or cetyl alcohol-sodium stearate combina- 
tions formed ointments with a measurable rigidity. The 
internal structures of ointments prepared with bentonite, 
ichthyol ointment prepared from petrolatum and meth- 
ylcellulose bases, sulfonamide ointments, and zinc 
paste were evaluated using various rheological testing 
methods (456-462). In most cases, a thixotropy was 
observed which changed markedly at higher tempera- 
tures, approaching the idealized state. Regeneration of 
the inner structure was usually observable by 24 hr., 
although the time varied, depending on the surfactant 
present in the ointment system. 


The use of the newer surfactants and emulsifying 
agents in the preparation of emulsion ointments was 
thoroughly reviewed by Goldenberg (463). The effect 
of various emulsifiers on the emulsion system of creams 
was also studied (464). This paper described the prep- 
aration of an ambiphilic cream system, one that can 
be diluted with either water or oil and still give a stable 
emulsion. It also listed the properties of other creams 
prepared with different emulsion systems. The ad- 
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vantages of methylcellulose as a base in preparing 
various ointments was reviewed (465). Although active 
materials were observed to penetrate the skin to a 
greater extent in ointments prepared with methylcellu- 
lose than in those prepared from other commonly used 
bases, too great an amount of methylcellulose in an 
ointment should be avoided, because it may interfere 
with the healing of wounds by the formation of a film. 
The use of polyhydric alcohols, sodium lauryl sulfate, 
cetyl alcohol, decaglycerol esters, sugar esters, and other 
complex esters in preparing ointments of various types 
was also considered (466-470). The viscosity and some of 
the other properties of ointments prepared from these 
materials were measured and further described in these 
papers. 


A method was demonstrated for measuring the 
particle size of solid pharmaceuticals present in oint- 
ments (471). This technique consists primarily of mixing 
the ointment with a solvent in which it is soluble and 
then filtering and measuring the size of the insoluble 
particles remaining behind. For meaningful results, 
however, the solvent utilized in this technique must not 
dissolve the solids present in the ointment. To compare 
the wettability of ointments by liquids of different sur- 
face tensions, the contact-angle kinetics of various 
ointments were investigated (472). The contact angle 
was observed to change characteristically with the 
properties of the ointments and the surface tensions of 
the liquids being evaluated. The water-absorptive 
properties of lipophilic bases and the dehydration 
kinetics of hydrogels were also investigated (473, 474). 
The absorptive properties of starch, talc, and zinc oxide 
dispersed in petrolatum were evaluated in terms of 
absorptive rate and capacity. The effect of sample area 
and air flow on the kinetics of dehydration of hydrogels 
was evaluated. The dehydration was observed to pro- 
ceed in two separate steps, a zero-order followed by a 
one-third-order rate. 


In vitro as well as in uiuo methods for evaluating 
ointment bases were reviewed in an interesting article 
(475). The specific evaluation of drug release from 
ointment-type dosage forms was described by a number 
of authors. Skin penetration of methyl nicotinate was 
observed to occur rapidly from water solutions because 
of hydration of the skin, but was markedly slower from 
more viscous vehicles which reduced the hydration of 
the skin(476). The drug-releasing properties of ointments 
were demonstrated, using a diffusion membrane pre- 
pared from freshly removed skin of the rabbit (477). 
The ointment being tested was placed on the skin, which 
was carefully stretched over the opening of a diffusion 
cell, and the amount of drug that penetrated the mem- 
brane was determined in 3 hr. The results obtained by 
this technique for procaine and pentachlorophenol 
ointments were compared with those obtained using a 
cellophane membrane. The use of an agar plate tech- 
nique to study drug release from ointments was also 
widely investigated (478-480). In general, the release of 
antibiotics from emulsion-type ointment bases con- 
taining surface-active agents or those of nonoleaginous 
consistency was greater than that observed from ole- 
aginous bases. The interactions between hexachloro- 
phene, polysorbate 20(Tween 20), and polyethylene glycol 


Table XI-Additional References on Ointments and Creams 


Ref- 
erence Topic 


487 


488 


489 


490 


49 1 


49 2 
493 


494 


~ ~~~~ 


Review of the physiology of skin and methods of 


Review of the effects of emollient emulsions on the 


Application of silicone fluids in ointments and their 


Use of magnesium oleate as emulsifier in ointment 


Rate of diffusion of cations from various ointment 


Isotropic gel phases in surfactant-oil-water systems 
Comparative studies of physical properties of various 


Properties of soft white paraffin 


measuring skin moisture 


moisture of skin 


uses 


bases 


bases 


ointment bases 


4000 were demonstrated by the hindered release of the 
antibacterial agent in the presence of the two sur- 
factants. 


The properties and usual components of transparent 
gels were carefully reviewed by Hynniman and Lamy 
(481). A special technique to  observe the structural 
features of such gels utilizing the electron microscope 
following a freezing step to prevent changes in micelles 
was reported (482). Such techniques are necessary, 
since the components of such gels and emulsions are 
very difficult to observe microscopically. The use of poly- 
vinyl alcohol in preparing transparent gels was dis- 
cussed, as was the stability of various antibiotics in 
these gel systems (483-484). 


The microbiological contamination of antibiotic 
ophthalmic ointments was examined (485). It was de- 
termined that 8 of the 114 batches tested were con- 
taminated. The disadvantages of chlorohexidine as a 
preservative in nonstick ointments containing anionic 
surfactants was pointed out (486). The interaction of 
this preservative with stearic acid soaps and other 
anionic surfactants completely eliminates its anti- 
microbial activity. Further disadvantages of chloro- 
hexidine are its inability to  control certain Pseudomonas 
strains and its lack of fungistatic activity. 


Other articles of interest relating to ointments and 
creams are described in Table XI. 


Suppositories-The use of new suppository bases 
consisting of hydrogenated coconut oil and beef fat 
fractions was described (495). These bases compared 
favorably with cocoa butter and synthetic lauric acid 
glyceride bases and were shown to be nonirritating. 
The characterization of Witepsol, a new synthetic sup- 
pository base, was reported (496). This material was 
observed to contain di- and triglycerides, some mono- 
glycerides, and an unidentifiable strong polar substance. 
A modified glycerin suppository was proposed, based 
on its different water absorption, solubility, hardness, 
and ability to release medication (497). The effects of 
varying the glycerin, gelatin, and sodium stearate con- 
tents of these suppositories were reported. The addition 
of saponins to oleaginous suppository bases was shown 
to increase greatly the liberation of triphthazine from 
them (498). 


The release of medication from suppository bases 
received wide attention during the past year. In an 
excellent paper, Weiss and Sciarrone (499) described 
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Table XII-Additional References on Suppositories 
___ 


Ref- 
erences Topic 


510 
511 


512 
513 Preparation of two-layer suppositories 
514 Preparation of polystratified suppositories 
515 


Use of penicillin in rectal suppositories 
Use of antioxidants to stabilize nystatin in supposi- 


Review of uses of pressed suppositories 


Proposed tests for weight variation of suppositories 


tories 


the diffusion of salicylates across a hydrophobic mem- 
brane from cocoa butter to an aqueous layer. The 
release of the drug at the surface was observed to be 
controlled by diffusion. However, the transfer across 
the interface is a function of the partition coefficient; 
consequently, as the partition coefficient decreased, 
the release rate appeared to approach a limiting value. 
The release of chloramphenicol from suppositories 
prepared from different type bases was determined by 
an agar plate diffusion method (500). Although all of 
the bases tested gave similar antibiotic release after 2 
hr., the suppositories prepared from polyethylene 
glycol bases showed a considerably better release after 
8 hr. The water solubility of the drug was an important 
factor in the release from fatty-type suppository bases 
(501). The addition of viscosity-inducing agents such 
as Arlacel 161 or aluminum stearate or Aerosil had an 
inhibiting effect on the release of very soluble drugs but 
only a slight effect on difficult-to-release drugs. The 
addition of emulsifiers with increasing HLB values was 
observed to  increase the release of soluble drugs from 
cocoa butter or Witepsol-type suppository bases (502). 
Optimum release occurred when the HLB value was 
greater than 10. The effect of the solubility and particle 
size of aminophenazone on its release from Witepsol 
suppositories was evaluated (503). As expected, release 
was most rapid when the drug was in solution and least 
when it was incorporated as large agglomerates. The 
effect of surfactants in  increasing the absorption of 
triphthazine from fatty bases was ascribed to their sur- 
face tension-reducing properties (504, 505). Similar re- 
sults were obtained with regard to the rectal absorption 
of oxytetracycline (506). Fatty-type suppository bases 
prepared with oil-water emulsifiers showed the greatest 
absorption, while similar bases prepared without the 
emulsifiers gave poor absorption of the antibiotic. 
Intermediate values were obtained with polyethylene 
glycol-type bases. 


The complexation of anionic dyes with quaternary 
ammonium salts produces a material capable of coloring 
fatty base suppositories (507,508). Such techniques must 
be utilized, because most common dyes are insoluble in 
the fatty acid glycerides and behave as pigments. The 
use of various carotenoid dyes, which are fat and oil 
soluble, to color fatty-type suppository bases was also 
presented (509). 


Further articles of interest on suppositories are pre- 
sented in Table XII. 


Aerosols-Many papers published during the past 
year reviewed the principles and components of aerosol 
systems (516-527). These papers discussed operating 
principles of aerosols, components such as valves, 


containers, dispensing mechanisms, typical aerosol 
formulations, filling techniques and equipment, pro- 
pellants, and the many uses of aerosol products. 


The kinetic theory of aerosols and droplet formation 
during coalescence were discussed in great detail in 
several papers (528-532). Equations were derived for 
the solution effect on droplet growth, generalizing this 
effect as a function of the mean ionic activity coeffi- 
cient. Two processes were postulated to occur during 
liquid coalescence: drainage from the drop and Ray- 
leigh disturbance. Interfacial tension and the viscosity 
of the dispersed phase were concluded to be contributing 
factors to  drop coalescence. 


The advantages of carbon dioxide as an aerosol 
propellant, especially for foods and cosmetics, were 
described (533, 534). Mixtures of branched-chain ali- 
phatic hydrocarbons were proposed (535). These pro- 
pellants, which are odorless, water resistant, non- 
corrosive, and physiologically inactive, may be used in 
a wide variety of sprays. 


The effect of particle size, surfactants, and propellant 
on the depth of penetration of propyliodone in dogs was 
studied (536). Greater depth of penetration into the 
lungs was obtained with powders in the 0.5-10-p range, 
although concentration, ratio of propellants, and type 
of surfactants were also important factors. A cascade 
impactor was employed to measure the formulation 
factors influencing the particle size of dexamethasone 
phosphate aerosols (537). The aerosol particle was 
capable of being reduced in size by reducing the size of 
the drug particle, adding a surfactant, reducing the 
diameter of the spray orifice, increasing the propellant 
vapor pressure, and increasing the propellant tempera- 
ture. 


The effects of nonionic emulsifiers, buffers, and HLB 
values on the stability of emulsions used in aerosol 
foams were investigated (538). Factors affecting aerosol 
foam appearance were pointed out in an interesting 
paper (539). Prevention of aerosol propellant loss to the 
atmosphere will minimize foam wetness, while an in- 
crease in the amount of product ingredients in which the 
propdlant is soluble and a lowering of the viscosity of 
the system will allow a rapid rise of bubbles and an 
improvement in the percentage of product that can be 
extruded as a suitable foam. Unusual aqueous aerosol 
foams and pearlescent aerosols were reported in other 
papers (540, 541). These new and unusual aerosal 
systems may find uses in the near future. 


The incompatibilities of the components of the aero- 
sol container with its contents were pointed out in 
several papers (542, 543). Some incompatibilities were 
those between the contents and the rubber or resin pres- 
ent in the valves and gaskets. The most serious con- 
sequence of such incompatibilities is the loss of pro- 
pellant. A technique was described to  test the swelling 
effects of aerosol contents on gaskets (544); this closed 
system equilibrates in 24 hr. and gives reliable results 
in 2 or 3 days. 


Several authors evaluated techniques for sterilizing 
aerosols (545, 546). Sterile filling, bacterial filtration of 
the vehicle, y-radiation, and incorporation of ethylene 
oxide into the gases were all tested for their effective- 
ness in producing sterile aerosols. Only the ethylene 
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oxide method was completely successful in producing a 
sterile product. The main disadvantage of this tech- 
nique is its possible toxic effects if the aerosol is to be 
used in inhalation therapy. Other problems associated 
with the testing of aerosol products were discussed 
(547-549). The biggest problems were considered to be 
sterility of the product, corrosion of components, and 
chemical decomposition during storage. For determina- 
tion of the propellants, a pressurized liquid-sampling 
technique and a gas chromatographic analytical method 
were proposed (550). Another paper described the use 
of cloud point titration to  determine the propellant 
content of aerosols (551). As shown by tests on 10 com- 
mercially available aerosols, the dispensing efficiency 
of nonmetered topical spray aerosols is very low (552). 
The pickup efficiency of these aerosols was observed 
to decrease with an increase in the target distance or in 
the temperature of the aerosol and to increase with an 
increase in the nonvolatile content. The formulation, 
propellant systems, and storage conditions were shown 
to affect the uniformity of the dose dispensed by dif- 
ferent metered valves, above and beyond the normal 
variation produced by the valves themselves (553). 


The toxicological testing of aerosol products was 
reviewed from both the standpoint of skin and mem- 
brane reactions and the dangers of respiratory retention 
(554). Also discussed was a quantitative method of 
evaluating the chilling effect of topical aerosol sprays 
(555). The drop in temperature was observed to be a 
function of exposure time and to follow first-order 
kinetics. The chill index was determined and used to 
compare the chilling effects of commonly used aerosol 
propellant systems. 


Further papers of interest relating to aerosols are 
presented in Table XIII. 


Sustained Release-Several articles were published 
dealing with the terminology, the biopharmaceutical 
and technical aspects, and the advantages of sustained- 
release dosage forms (559-561). Equations for the 
kinetics of the liberation of drugs from sustained- 
release tablets were developed (562). These equations, 
which consisted of simplifications of Higuchi's equation 
for the case where a solid drug is incorporated in a 
solid matrix, were developed for low-solubility drugs. 
A method for measuring the permeability of water 
vapor through a polymer film by a radioisotope dilution 
technique was reported (563). This method was shown 
to be rapid, precise, and sensitive and also applicable 
to the investigation of other parameters which influence 
the permeability of water vapor. 


The application of various epoxy resins in the prepa- 
ration of pharmaceutical dosage forms was thoroughly 
investigated (564-566). The addition of basic and acidic 
curing agents was observed to influence the solubility 
of the resins in basic and acidic buffers. The type of 
resin, size of beads, and concentration of drug used were 
shown to affect the release of the drug. Hydrocortisone, 
pentobarbital, and papavarine were used as model drug 
substances in these experiments. Kornblum (567) re- 
ported a spray-drying technique which provides a free- 
flowing powder with decreased dissolution rate 
after compression into tablets. Since this technique 
gives good reproducibility of drug release after tableting, 


Table XU-Additional References on Aerosols 


Ref- 
erence Topic 


556 
557 


558 


Freezing of droplets of aqueous solution aerosols 
Effect of soluble surface-active agents on aqueous 


Retention of Freon (fluorocarbon refrigerant) in poly- 
aerosols 


(N-cyanoacry1ate)-sprayed films 


it offers another method of preparing sustained-release 
products. 


The chronology of development of a prolonged-action 
dosage form of proxyphylline was described in detail 
(568, 569). In vivo results indicated that tablets prepared 
by mixing the active ingredient with a synthetic lipid 
prior to tabletipg (embedded tablets) gave the best 
clinical results. The use of coated tablets did not give as 
suitable clinical results. In vitro comparison of these 
same formulations showed the liberation of the proxy- 
phylline from the embedded tablet to be dependent on 
the particle size, the drug concentration, the pH, and 
the enzyme activity of the solvent system. The release 
from the coated tablet was much more rapid and was 
independent of pH and enzyme activity. 


The ability of ethylene glycol monomethacrylate gel 
to hinder the release of drugs saturated in it was de- 
scribed (570). The in vivo plasma salicylate concentra- 
tions obtained following the administration of oral 
gels saturated with sodium salicylate confirmed this 
property of the gel. The effect of gel particle size on the 
release of the salicylate was shown. Poly vinyl acetate 
was used to  coat micropearls of ascorbic acid to hinder 
their release (571). These coated granules slowly re- 
leased ascorbic acid in vitro over 20 hr. in gastric and 
intestinal fluids. In vivo, ascorbic acid blood levels were 
obtained for periods of up to  20 hr. With tablets of 
ascorbic acid compressed with amyl sodium polyeth- 
ylene, the release of the vitamin was shown to be in- 
versely related to the degree of compression (572). 
This effect was postulated as being due to the differences 
in microstructure obtained by different forces of com- 
pression. In the case of N,N'-dibenzylethylenediamine 
ampicillin, the chemical modification was considered to 
prolong the release of the active drug (573). When ad- 
ministered intramuscularly once daily, this antibiotic 
had a bactericidal activity equivalent to orally admin- 
istered ampicillin trihydrate given four times a day. 
Subcutaneous injection of zinc protamine glucagon 
gave a prolonged action compared with zinc glucagon 
suspensions administered to dogs under similar condi- 
tions (574). The differences in duration of action were 
believed to be caused by differences in the composition 
of the suspension media used. 


Bolton (575) presented a method for calculating the 
release pattern of sustained-release products when more 
than 1-hr. release rates must be determined. This method 
is useful whenever hourly assays, as required by the 
Wiley method, are undesirable. 


Other articles of interest related to sustained release 
are given in Table XIV. 


Cosmetics-The trends in cosmetics and toiletries 
were well reviewed in several articles covering new 
cosmetic materials, testing methods, and types of prepa- 
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Table XIV-Additional References on Sustained-Release 
Preparations 


Ref- 
erence Topic 


576 


577 


578 


579 


580 


Preparation of sustained-release oxytetracycline mi- 
cropills 


Apparatus for determining release from prolonged- 
activity solid dosage forms 


Long-acting tablets containing soluble drugs incor- 
porated into hardened castor oil 


Use of carboxypolymethylene as an excipient in slow- 
release tablets 


Interaction of cellulose acetate phthalate with organic 
and inorganic cations to form a film soluble in in- 
testinal fluid but insoluble in gastric fluid 


Application of solid coatings by pressure to hinder 
drug release 


Comparison of regular- and slow-release =t 1-(4-hy- 
droxyphenyl)-l-hydroxy-2-butylaminoethane sulfate 
(Vasculan) tablets 


581 


582 


rations useful in cosmetics (583-586). The use of sili- 
cones in shampoos, hair sprays, hand lotions, aerosols, 
quick-breaking foams, toothpastes, and shaving creams 
was discussed (587, 588). Formulations were given for 
the types of silicone preparations used in these various 
products. The properties and uses of fatty acid lactylates 
were pointed out in a series of interesting articles (589, 
590). The use of these materials in deodorant sprays, 
hair preparations, and shampoos was described. Bran- 
dau (591) discussed the various types of surfactants 
currently used in cosmetic preparations and presented 
formulations for shampoos, lotions, gels, and skin 
cleansers utilizing such surfactants. The foaming and 
surface-tension changes induced by several fatty acid 
sulfate ethers were described (592). Irritation studies of 
these materials in the rabbit eye indicated their lack 
of irritability and possible usefulness in shampoos. 
Materials which may be used as emollients were broken 
down into four general classes: hydrocarbons, vegetable 
fats, animal fats, and fatty alcohols. The properties and 
advantages of each group were discussed i n  an inter- 
esting review (593). 


A series of articles pointed out the use of various 
materials, such as hexadecyl alcohol, metallic stearates, 
and vitamins in cosmetics (594-596). The properties of 
each of these materials, as well as typical cosmetic 
formulations, were described for each class of com- 
pounds. The use of zinc salts in cosmetics and as as- 
tringents was also discussed (597). The chemistry and 
biology of these compounds were thoroughly studied. 
Blake reviewed the application of radioisotopes in 
cosmetic research (598). The application and detection 
of such compounds were covered in detail. The use of 
tallow and coconut fatty acids to prepare soaps was 
discussed (599). The soaps were evaluated for their 
ability to dissolve, slush, lather, and swell. The effects of 
different ratios of these materials on the properties of 
the soaps were described. 


In a series of articles (60&604), Gucklhorn fully 
outlined the advantages and disadvantages of the var- 
ious preservatives used in cosmetic preparations. The 
bacteriologic spectra and reactions of the parabens, 
halogenated salicylonilides, organic mercurials, es- 
sential oils, sorbates, and other commonly used pre- 


servatives were discussed. The antibacterial and anti- 
mycotic activities of undecylenic acid and mono- and 
diethanolamine were determined against a wide vari- 
ety of organisms (605). Since all of these materials ex- 
hibit some antibacterial activity, formulations con- 
taining them were presented. In view of the nutritive 
properties of cosmetics, they are best prepared using 
bactericidal rather than bacteriostatic preservatives. 
The bactericidal levels of certain commonly used pre- 
servatives were described (606). UV light at 253 p was 
utilized to purify water prior to its use in preparing 
cosmetics and pharmaceuticals (607). This UV method 
of sterilization was shown to be completely effective if 
carried out properly. 


The use of the scanning electron microscope in cos- 
metic research was described (608). This instrument, 
which scans the topography of skin and nails, may be 
used to investigate the effects of cosmetics on skin. 
Various viscosimeters and their application in studying 
the rheology of cosmetics were also discussed (609). 


Review articles on hair preparations and shampoos 
described typical formulations and laboratory tech- 
niques (610, 61 1). Amphoteric surfactants were de- 
scribed which give additional hair-conditioning proper- 
ties to  shampoos (612). The perfuming of soaps and a 
technique for determining the minimum odor intensity 
were discussed in several other interesting articles 


Packaging-During the year, many articles were 
published covering the use of plastics in pharmacy and 
pharmaceutical packaging. Varsano and Gilbert (61 6- 
618) had a series describing the effects of preservatives, 
pH, and temperature on plastic packaging materials. 
The biological effects of plastics and of drug-plastic 
interactions, along with newer packaging innovations 
involving plastics, were also reviewed. The properties of 
polystyrene, polypropylene, polyvinyl chloride, vinyl 
resins, and other general considerations relating to the 
use of these materials in pharmaceutical packaging 
were discussed (619-622). The interaction between silver 
nitrate solutions and polyethylene containers from 
various sources was investigated (623). Storage of these 
solutions in plastic containers resulted in the precipita- 
tion of silver particles and an increase in pH. Preserva- 
tives containing free hydroxyl groups were prone to 
adsorption by polyvinyl chloride containers (624). The 
solute composition and pH of the solute were also 
shown to be contributing factors. The stability of fatty 
oils in plastic containers, a measure of their oxygen 
permeability, was investigated (625). Hot, humid storage 
conditions were shown to cause clouding of neutral oils 
stored in plastic containers. Comparisons of various 
plastic and glass containers with regard to influence of 
pH, oxygen permeability, and catalytic action of the sur- 
face were ably made by Houta and Lenpin (626). The in- 
fluence of plastic materials on the pH of water is nearly 
negligible compared with that of glass. The permeability 
of plastic material to oxygen has no substantial effect 
on the stability of easily oxidizable substances, although 
certain plastics are affected by strong oxidizing agents. 
The alkalinity of glass containers was the subject of 
several detailed articles (627-629). The importance of 
this alkalinity on liquid pharmaceuticals was pointed 


(613-61 5). 
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out. The ions eluted from different types of glass follow- 
ing acidic or basic attack at  121" were also described. 


The protective properties of packaging materials, the 
properties of rubber, its permeability to water, the 
permeability of glass to light, and the resistance of 
aluminum ointment tubes to corrosion were discussed 
(630). 


The effects of sterilization on leaching from stoppers 
composed of natural rubber, IR-25, butyl rubber, 
POV-30, and polycarbonates were investigated (63 1). 
None of the material leached from these stoppers af- 
fected the medicinal or physicochemical properties of the 
solutions being sterilized. The use of polyethylene or 
cellophane liners over rubber closures of multiple-dose 
injection vials to protect the solutions was investigated 
(632). Although this technique was successful in pro- 
tecting ascorbic acid or sodium sulfadiazine solutions, 
it was unsuccessful in protecting phenol solutions from 
the rubber stoppers. 


EQUIPMENT 


A thorough review of pharmaceutical engineering 
was presented in several articles (633-636). The engineer- 
ing aspects and the equipment used in drying, analyzing 
particle size, and mixing of solids and liquids were de- 
scribed in these reviews. A comprehensive review of 
methods of mixing and of mixers utilized in the mixing 
of liquids was presented by Skidmore (637). The ad- 
vantages and disadvantages of each system were 
pointed out in this excellent paper. An apparatus for 
adding suspensions or solids to  reaction mixtures was 
evaluated (638). Wray (639) presented an excellent 
account of the uses of an instrumented rotary tablet 
machine. The effects of compression forces on tablet 
hardness, disintegration time, and tablet weight were 
given. The characteristics of good and bad formulations, 
as determined by the instrumented tablet machine, were 
described. The advantages and disadvantages of new 
tableting equipment were pointed out (640). The In- 
dustrial Pharmaceutical Technology Section (APHA 
Academy of Pharmaceutical Sciences) standards for 
tableting tools and the proposed inspection program for 
such tools were detailed (641). 


A description of the concept of laminar flow and the 
equipment necessary for such systems was presented 
(642). The effectiveness and limitations of horizontal 
and vertical laminar flow systems were shown. The 
equipment used for color measuring and matching was 
described (643). The use of spectrophotometers for 
reflectance data and the tristimulus colorimeter to take 
into account the light source and color sensitivity of the 
eye was reviewed. 


Filling equipment for tablets and ampuls was de- 
scribed in detail in two papers (644, 645). The ampul- 
filling equipment utilized an automatic magnetic logic 
setup which gave very reproducible filling volumes. 


PHYSICAL. PHARMACY 


Yang (646), in studying polymorphism in sulfon- 
amides, suggested that the para-amino group, the acidic 
"-hydrogen atom, and the oxygen of the sulfonamide 


group are implicated in the various hydrogen-bonding 
arrangements that distinguish one polymorphic form 
from another. Functional groups attached to the N1- 
position which serve as electron-withdrawing or elec- 
tron-furnishing substituents apparently influence the 
strength of the hydrogen bonds formed and hence the 
tendency of compounds to exist in more than one 
crystal form. Through IR spectral studies, the physi- 
ological activity of the a-form of chloramphenicol 
palmitate was shown to be due to the weak intermolecu- 
lar hydrogen bonding of the alcoholic hydroxyl groups. 
The p-form of this compound showed a very strong 
intermolecular hydrogen bonding of the alcoholic hy- 
droxyl groups and is said to be physiologically inactive 
(647). Haleblian and McCrone (648) reviewed the ap- 
plications of polymorphism in the pharmaceutical in- 
dustry. Their publication discussed the preparation of 
physically stable dosage forms, the possible differences 
in chemical stability with various polymorphs, the 
absorption of compounds exhibiting polymorphism, 
the tableting of polymorphic compounds, and methods 
of studying polymorphism. Rosenstein and Lamy 
(649) discussed the pharmaceutical aspects of poly- 
morphism and suggested that the more energetic poly- 
morphic form of a drug may be considered the form of 
choice in dosage form development. 


Using an electrostatic model, Ladd and Lee (650) 
suggested that the process of hydrate formation takes 
place in two stages: (a)  expansion of the anhydrous 
crystal and accommodation of gaseous water molecules, 
and (b)  water-ion interaction. The maximum hydration 
of dimethylsulfoxide (DMSO) in aqueous solution at  
25 O was investigated by the deviation of experimental 
values of fluidity, dielectric constant, refractive index, 
density, and molar refraction from values calculated 
by linear interpolation between the values of the two 
pure liquids as a function of mole fraction. The maxi- 
mum deviation in fluidity and dielectric constant oc- 
curred at  the ratio of 3 water molecules per DMSO 
molecule, which was the maximum hydration (651). 


The application of calorimetry to simultaneous de- 
termination of equilibrium constants and enthalpy 
changes for reactions in solution was discussed, and 
data were presented supporting a more optimistic 
evaluation of the calorimetric method (652). A calori- 
metric method was also employed to study proton 
ionization from aqueous solutions of protonated amines. 
Resulting enthalpy values were combined with pK 
values to calculate entropy values. The effect of hydro- 
carbon chain length and branching on entropy and 
enthalpy values for proton ionization from primary and 
secondary aliphatic protonated amines was described 
by a simple linear equation (653). Michaelis and Higuchi 
(654) demonstrated the influence of temperature on 
the distribution ratio of pharmaceutical ammonium 
species paired with various anions and between aqueous 
and organic phases, and they determined the thermo- 
dynamic parameters associated with these extractive 
processes. These authors concluded that, unlike transfer 
of uncharged solute molecules, ion-pair transfers in- 
volving inorganic anions appear to be largely entropi- 
cally controlled. The process of movement from water 
to chloroform of dextromethorphanium halides, for 
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example, involved a material increase in ordering. 
Less polar organic phases tended to lead to less negative 
entropic changes. 


Based on the principle of the higher kinetic energy of 
water particles in Brownian movement relative to the 
kinetic energy of particles dissolved in water, Wolkowski 
(655) presented a new hypothesis for the osmotic mecha- 
nism; it explains the principle of water penetration from 
lower pressures to the higher pressures which exist in 
solutions of higher concentration. Kostenbauder et aZ. 
(656) described the unique permeability characteristics 
of nylon film which make it a useful membrane for con- 
ducting dialysis studies or separations that are not 
readily accomplished with the semipermeable mem- 
branes more commonly employed for these purposes. 
The authors indicated that the permeability of nylon 
to drugs is not that exhibited by a porous membrane 
nor that of many nonporous membranes. Nylon is 
relatively impermeable to small molecules and ions such 
as water, urea, and sodium chloride; but many less 
polar, high-molecular weight nonionized species, as 
well as such ionic compounds as cetyl-, dodecyl-, and 
ethylpyridinium bromides and sodium naphthalene 
sulfonate, diffuse readily through nylon films (656). The 
diffusion rate of sennoside A through a cellulose mem- 
brane into water increased, irrespective of the tempera- 
ture conditions under which diffusion took place, when 
the membrane was irradiated with ultrasound. These 
results were consistent with the hypothesis of boundary- 
layer disruption at the phase interface (657). Rushing 
discussed the osmotic properties of aqueous solutions 
of certain divalent salts of disulfonic acids (658). 


Repta and Higuchi (659) described the preparation 
and chemistry of an unsymmetrical monomolecular 
crystalline anhydride of citric acid, and they suggested 
possible uses of this compound in pharmaceutical 
formulations. 


Dissolution-Dissolution testing assumed increasing 
importance during the past year. Studies of three dif- 
ferent lots of diazepam tablets revealed no correlation 
between the rate of disintegration and the rate of dis- 
solution. Increased stirring rate and solvent volume, 
however, did accelerate the dissolution rate, as did the 
addition of polysorbate (Tween) (660). Tawashi (661) re- 
viewed thecurrent concepts of crystal dissolution and how 
dissolution rates and release patterns of drugs are related 
to such parameters as the cohesive forces in the crystal, 
which in turn are affected by crystal imperfections or 
defects. These defects explain some of the discrepancies 
between experimental and calculated yield strengths. 
Crystal defects included grain boundaries and cracks, 
lattice flaws, vacant sites, and foreign atoms outside the 
regular geometric pattern of the crystal. Other important 
factors noted in the review were crystal polymorphism, 
crystal impurities, dosage form additives, processing, 
and compaction, all of which may act to alter the dis- 
solution rate of the dosage form. 


In studying dissolution rates of high-energy poly- 
vinyl pyrrolidone (PVP)-sulfathiazole coprecipitates, 
Simonelli et al. (662) demonstrated the apparent solu- 
bility and rate of solution of sulfathiazole from com- 
pressed tablets containing PVP to be greatly increased 
if sulfathiazole was previously coprecipitated with PVP. 


Table XV-Additional Dissolution Studies 


Ref- 
erence Topic 


672 


673 


674 


675 


676 


677 


678 


679 


680 


68 1 


682 


68 3 


Proposed model for analyzing simultaneous phase 
change dissolution phenomena using p-hydroxyben- 
zoic acid and phenobarbital, which change to the 
respective hydrates during dissolution 


Minimizing loss of effective surface area during in 
vitro dissolution of sustained-release cellulose acetate 
phthalate pellets suspended in a turbulent flow field 


Dissolution of dicoumarol tablets of different crystal 
properties 


Parameters of theoretical importance in drug disso- 
lution technology 


Effect of the nonionic surfactant cetomacrogol on the 
rate of solution of powdered griseofulvin in water 


A modified USP disintegration apparatus for use in 
measuring the dissolution rate of chloramphenicol 
capsules 


An automated apparatus for measuring the dissolution 
rate of solid dosage forms at constant volume under 
sink conditions maintained by continuous elimina- 
tion of the solution and replacement with fresh 
buffer 


Dialysis method for determining the effects of com- 
pression forces and tablet additives on the dissolu- 
tion rate of sparingly soluble dosage forms 


Review of the history of dissolution studies and the 
methods used 


Dissolution apparatus in which agitation is provided 
by a flow of liquid maintained by a peristaltic pump 


Review of the current methods employed in evaluat- 
ing the rate of drug release from solid dosage forms, 
and a description of a new apparatus employed for 
the determination of dissolution rates 


Influence of polymer molecular weight and solvent pH 
on solvent penetration and polymer swelling in com- 
pressed disks of a series of polymer-free acids derived 
from ethylene maleic anhydride resins 


The increase noted was found to be a function of the 
chain length of the PVP used as a coprecipitate and the 
sulfathiazole-to-PVP weight ratio of the coprecipitate 
powder mixture used to compress the tablet. Similarly, 
Bates (663) showed that a 1 : 6, reserpine-PVP, coprecipi- 
tate had a 200-fold increase in dissolution rate over that 
for pure reserpine. This was due to the reduced particle 
size and, consequently, to the increased surface area of 
the reserpine in the coprecipitate. 


The relative rates of dissolution and solubilities of 
three polymorphic forms of chloramphenicol palmitate 
in a 35 tertiary butanol-water mixture and two poly- 
inorphs of mefenamic acid in dodecyl alcohol were 
measured. The thermodynamic relationships involving 
the transition of the metastable polymorphs to the stable 
one were examined; the significance of the energy dif- 
ferences between the polymorphs and their absorption, 
as reflected by blood levels in humans, were discussed 
(664). 


An IR-attenuated total reflectance spectrophoto- 
metric technique was employed to demonstrate the sur- 
face reversion of methyl prednisolone Polymorph 1 I 
to Polymorph I in the presence of water. The process 
was shown to occur rapidly enough to account for the 
slower than expected dissolution rates of nondisintegrat- 
ing pellets of Form I1 in water. The unusual effects 
of agitation upon the dissolution rate of Form I1 pellets 
were thus explained (665). 


A marked increase of dissolution rates and attainment 
of supersaturation of griseofulvin were found when the 
drug was dispersed by fusion or solvent methods in 
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matrices of polyethylene glycol (PEG) polymers, penta- 
erythritol, pentaerythrityl tetraacetate, or citric acid. 
Although the exact physical nature of the dispersion 
systems was not determined, it was suggested that some 
griseofulvin is molecularly and/or colloidally dispersed 
in the PEG polymers due to their highly viscous and 
supercooling effect, which would retard the nucleation 
and growth of griseofulvin precipitation during the 
solidification process. Pentaerythritol and pentderyth- 
rityl tetraacetate are believed to form limited or 
completely solid solutions with griseofulvin. The 
griseofulvin-citric acid mixture forms a glass, and the 
resultant glass solution may represent a new class or 
physical modification of drugs exhibiting a strikingly fast 
dissolution rate of griseofulvin (666). 


A column-type method was described for the assess- 
ment of the dissolution behavior of solid dosage forms. 
The method, which is based on the mass transfer be- 
tween solid and liquid phase in an exchange column, 
was shown to avoid certain disadvantages of the com- 
monly used beaker methods employing fixed liquid 
volumes. Because of its reproducibility and the absence 
of arbitrary external parameters, the method appears 
to be useful for a meaningful study of dissolution kinet- 
ics (667). 


Two samples of commercial aspirin with no crystal- 
lographic or solubility differences did, however, ex- 
hibit different thermodynamic activities, as determined 
by the effects of agitation and temperature on intrinsic 
dissolution rates. The metastable form was capable of 
rapid reversion to a more stable form, depending on the 
conditions of study (668). 


Wagner (669) showed that, under sink conditions, 
the percent dissolved value at time t may simply be 
equivalent to the percent surface area generated to that 
time; if this is so, the percent dissolved-time data may 
best be described by a distribution function, and the 
parameters of the distribution may best be employed to 
describe the data. Simulated percent dissolved-time 
data, generated by means of the logarithmic normal 
distribution function, were shown to yield apparent 
first-order plots. Hence, apparent first-order kinetics, 
derived from in vitro dissolution tests on conventional 
tablets and capsules, may be artifacts in some cases. 
In the special case when surface area of drug available 
for dissolution decreases exponentially with time after 
some lag time, to, first-order kinetics appear applicable 
to the dissolution data. The new method of examining 
dissolution-rate data is capable of providing characteriz- 
ing parameters of greater potential utility than con- 
ventional treatments used previously. Gibaldi et al. 
(670) showed that dissolution from constant-surface 
pellets into micellar solutions followed first-order kinet- 
ics in agreement with theory. A method for determining 
the apparent zero-order rate constant for dissolution 
from constant-surface pellets, which does not require 
maintenance of sink conditions, was also suggested. 


Low (premicellar) concentrations of polyoxyethylene 
lauryl ether and lysolecithin markedly enhanced the 
dissolution rate of salicylic acid powder, while pepsin 
and gastric mucin were without effect. The same sur- 
factants enhanced the dissolution rate of aspirin from a 
tablet dosage form but were without effect on the dis- 


Table XVI-Additional Studies on Measurement of 
Particle Size 


Ref- 
erence Topic 


684 Review of the advantages and disadvantages of meth- 
ods employed for determining the distribution of 
particle size 


Millipore's combination microscope, TV camera, and 
computer for the determination of particle size 


Determination of particle size of water and salt solu- 
tion aerosols by the dye film technique 


685 


686 


solution rate of the drug from a capsule dosage form. 
Good correlation was observed between the surface 
tension of the polyoxyethylene lauryl ether solutions 
and the dissolution rates of aspirin from the tablet 
dosage form in these media. The authors discussed the 
relevance of these data to design of in uitro dissolution 
tests (67 1). 


Additional studies on dissolution are provided in 
Table XV. 


Table XVI describes references on the measurement 
of particle size. 


Additional references on physical pharmacy are pro- 
vided in Table XVII. 


Solubility-Paruta (699) in determining the solu- 
bilities of methyl-, ethyl-, propyl-, and butylparabens in 
a series of normal alcohols, noted that these compounds 
have a dielectric requirement of about 14 with another 
postulated to exist a t  about 30. These compounds ex- 
hibited a good parallel solubility in the various alcohols, 
indicating a similarity of interactions in the dissolution 


Table XVH-Additional Studies on Physical Pharmacy 


Ref- 
erence Topic 


687 


688 


689 


690 


69 1 


692 


693 


694 


695 


696 


697 
698 


Two FORTRAN programs for the IBM 1620 computer 
which permit determination of the pH of weak acids 
and bases fnd salts of these species in aqueous solu- 
tion at 25 


Limitation on the validity of the additivity of molar 
attraction constants on a functional group basis 


Dissociation kinetics of methyl red in dilute aqueous 
solution 


Acid dissociation constants of barbiturates as deter- 
mined by pH measurement 


Dissociation of aminomethanesulfonates in aqueous 
solution; role in the complex equilibria of neutral 
solutions of sodium colistimethate 


Correlation of percentage composition of hydrochloric, 
perchloric, phosphoric, and sulfuric acids in aqueous 
solution with molarity, molality, activity coefficient, 
water activity, and Hammett acidity function 


Occurrence of complete erythrocyte hemolysis in 
water-amide solutions and prevention with sodium 
chloride at low amide concentrations 


Sodium chloride equivalents and freezing point de- 
pressions at various aqueous solution concentrations 
of 30 different medicinal substances, with isosmotic 
concentrations of the soluble materials 


Lithium and sodium chlorates in water and in water- 
dioxane solvents: the higher solvation of lithium 
chlorate, as determmed using a vapor pressure 
method, and the major role of dioxane in the solva- 
tion of both electrolytes 


Sodium and lithium chlorates in water: diffusion co- 
efficients and hydration numbers 


Review of the principles and concepts of ionic motion 
Isotonic buffer mixtures of pharmaceutical interest: 


tonicity and pH at 37"; discrepancies between freez- 
ing-point depression and vapor-pressure osmometer 
data 
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Table XVIII-Additional Studies of Solubilities 


Ref- 
erence Topic 


710 Measurement of dissolved oxygen in water-glycol mix- 
tures in which the glycol has either a hydrophilic 
group or both a hydrophilic and hydrophobic group 


Effect of temperature on the solubility and rheology of 
an ascorbic acid-water-polysorbate system 


Solubilization of p-dimethylamino anil of phenylgly- 
oxal nitrile by cationic surfactants, and effect of 
electrolytes on micelle formation 


713 Review of methods for dissolving insoluble drugs 
714 Linear increase in chloramphenicol solubility with 


concentration of solubilizer once the CMC is reached 
715 Review of the solubilization of drugs 
716 Use of Tweens (polysorbates) to increase the extraction 


of rose oil from the rose flower without altering the 


711 


712 


quality of the oil 
Solubilization of sulfamethoxypyridazine using a mix- 


ture of polyethylene glycol 300, water, alcohol, and 
Diuerazine 


717 


718 
719 


720 


721 


722 


Riview of pharmaceutical solvents and solubilizers 
Increase in aqueous solubility of various drugs by use 


of polyethylene glycol 400 
Relationship between the CMC of the surfactant and 


its ability to solubilize benzyl alcohol or naphthalene 
Effect of water hardness on the solubilizing activity of 


linear alkylbenzenesulfonates 
Formation of micelles by aerosol OT in all nonaqueous 


solvents studied except methanol, as determined by 
ultracentrifugation, light scattering, and viscometric 
techniques 


723 Review of the theory of solubilization and stabilization 
of drugs 


724 Increase in solubility and bacteriostatic activity of 
salicylic acid by use of Tweens (polysorbates), Spans 
(surface-active agents), polyethylene glycols, propy- 
lene glycol, and various mixtures of these nonionics 


725 Solubilization of camphor using a pentaerythritol 
oleate polyethylene glycol ether 


726 Review of solubilization and its use in pharmacy 
727 Solubilization of water by oil-soluble anionic surfac- 


tants: micellar interaction between water and cation 
of surfactant 


Solubilization of water by oil-soluble cationic sur- 
factants : ion-dipole interaction between water mole- 
cule and halogen anion 


728 


process. In aqueous solutions of dioxane, these same 
n-alkyl parabens had a dielectric requirement of about 
8-10. Two-phase systems were found for certain of 
these paraben derivatives over a given composition 
range of the binary solvent mixture, suggesting the 
production of a solvate between the paraben and a 
fixed composition of the binary mixture, thus forming a 
biphasic system in equilibrium (700). Similar conclu- 
sions relative to solvate formation were drawn from an 
investigation of the solubilities of n-alkyl parabens in 
binary mixtures of ethanol and water. With the latter 
solvent system, a dielectric requirement of 29-32 was 
suggested for n-alkyl parabens (701). 


Several interesting papers dealing with micellar 
solubilization were published in the past year. Oil-solu- 
ble surfactants were studied as solubilizing agents for 
water-soluble food dyes in the solvent perchloroethyl- 
ene. In the absence of water, no solubilization of dye 
occurred; but above a minimum water-to-surfactant 
ratio, the dye was soluble to a measurable degree. The 
author concluded that the CMC decreases linearly with 
an increasing water-to-surfactant ratio (702). The solu- 
bility of testosterone, methyltestosterone, and testos- 
terone propionate in aqueous solutions of ethoxylated 


cholesterol was determined and found to be greatest 
for the propionate derivative. Based on the UV spectral 
characteristics of the three steroids in aqueous solutions 
of the surfactant, which were similar to those in various 
polyethylene glycols, the mechanism of solubilization 
was reported to  involve association of the steroid with 
the polyoxyethylene portion of the surfactant (703). 
Wan and Hwang (704) showed that the solubilities of a 
series of alkyl gallates in water and in cetomacrogol 
solution increased with a decrease in alkyl chain length. 
The solubilities of the short-chain gallates in benzal- 
dehyde increased, while those of the long-chain gallates 
decreased with chain length. The comparative antioxi- 
dant efficiency in solubilized systems appeared to be 
related to the distribution ratios, and that in emulsified 
systems to  the solubility of the antioxidant in the 
aldehyde. Thakkar and Hall (705) attempted to explain 
the anomolous initial supersaturation observed in 
solubilized systems of testosterone and concluded that 
the behavior was related to conversion of the anhydrous 
crystal form to a hydrate crystal form. In studying the 
solution behavior of the anhydrous form, the authors 
noted that the peak solubility time in surfactant solu- 
tion was either increased or decreased relative to water, 
depending on the concentration and type of surfactant 
used. 


Using ultracentrifugation and viscometric techniques, 
the behavior and state of aggregation of barium di- 
nonylnaphthalene sulfonate in toluene, toluene-meth- 
anol, and methanol were studied, and methanol was 
shown to diminish the size of sulfonate and carboxylate 
micelles in nonaqueous solutions (706). 


Phenobarbital USP, when crystallized slowly at room 
temperature from 50 % aqueous acetone, dissolved faster 
in single crystal as well as in powder and tablet form 
than did an anhydrous form of phenobarbital crystallized 
in a similar manner from a saturated solution of 8 5 %  
ethanol. With heat or upon storage in a dry atmosphere, 
the hydrated crystal form was converted to  the anhy- 
drous crystal form (707). 


Guess and Jones (708) showed that the degree of 
solubility of ethylene oxide in plasticizers is a function of 
the chain length of the plasticizer hydrocarbon moiety. 
They concluded that the degree of polarity of the plasti- 
cizer might, therefore, be a great factor in controlling the 
solubilization. 


The solubility of free modified cellulose polymer films 
was found to be decreased in the presence of certain 
FD&C and D&C red dyes. These same dye-con- 
taining polymers, when employed as coatings on ribo- 
flavin tablets, retarded the tablet disintegration time and 
the riboflavin dissolution rate. Riboflavin urinary excre- 
tion studies confirmed that the dyes may adversely affect 
in uiuo product performance (709). 


Additional studies of solubility are listed in Table 
XVIII. 


Complexation-Higuchi et al. (729) reported a study 
of some of the methods available for the experimental 
measurement of hydrogen-bonding interactions in the 
formation of complexes and the means of determining 
the association (equilibrium) constants from the experi- 
mental results. An attempt was made to develop suitable 
methods for the quantitative analysis of hydrogen-bond- 
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ing data so that useful estimates of association constants 
could be made apriori. The study also showed the effect 
of a nonaqueous solvent on the value of the association 
constant, and a method was provided whereby an esti- 
mate of solvent interaction could be calculated. A 
critical evaluation of the utility of thermal methods for 
the detection of possible interactions between the solid 
components of pharmaceuticals was reported. Phase dia- 
grams were constructed for a number of binary systems. 
Using thermal methods, interactions were detected with 
deoxycholic acid-menadione, quinine-phenobarbital, 
theophylline-phenobarbital, and caffeine-phenobarbi- 
tal systems(730). Evidence for the interaction of procaine 
and procaine amide with ATP in aqueous solution was 
found by means of optical rotation and NMR measure- 
ment. The aromatic components of drug and nucleotide 
molecules were shown to associate through hydrophobic 
bonding withvertical stack formation rather than through 
horizontal bonding (73 1). A simple and general proce- 
dure for calculating the statistical factors of mixed 
ligand complexes was presented. It was noted, for exam- 
ple, that the formation of a mixed complex, MAB, from 
a metal ion, M, in the presence of equal concentrations 
of Ligands A and B, is always favored, on a statistical 
basis, over the formation of MA, or MB2. Thus, there is 
an enhanced probability of bringing together two differ- 
ent ligands, or a small substrate molecule and an en- 
zyme, via a metal ion-a fact which may have great 
biological implications, particularly as regards the 
multimetal-multiligand systems in biological fluids 
(732). Spectroscopic studies on complexation between 
caffeine and benzoic acids were reported. The relation 
between the free energy change and the pKa for benzo- 
ates suggested that direct electrostatic forces between the 
carboxyl group in the benzoate molecules and the nitro- 
gen of the 7-position in the caffeine molecule play a 
dominant role in the complexations (733). The physical 
and chemical properties of complexes of mono-, di-, 
and triethanolamine with bentonite, kaolin, and other 
clays were reported. A triethanolamine-bentonite com- 
plex having optimum swelling characteristics at pH 7 
gave good stabilization of aqueous suspension. Electro- 
lyte concentrations greater than 1 decreased the 
stabilization effect of the complex (734). Polli and Frost 
(735) investigated the role of PVP as a stabilizer for 
hexylresorcinol in a compressed tablet. While the pres- 
ence of PVP was shown to be responsible for the color 
stability of hexylresorcinol, the antimicrobial activity of 
hexylresorcinol was found to be reduced in the presence 
of PVP. This reduction in activity was apparently due to  
the molecular interaction between hexylresorcinol and 
PVP, and indicates the need for biological evaluation of 
complexes whenever their formation is suspected. The 
apparent stability constant of the salicylic acid-caffeine 
complex was studied in a medium of varying polarity. 
The salicylic acid and caffeine interacted very strongly 
in the nonpolar solvent, presumably by hydrogen bond- 
ing, but their interaction was minimal in the moderately 
polar solvents. Because the complexes differ in the or- 
ganic and aqueous phases, they are not likely to pene- 
trate the phase boundary when the caffeine and salicylic 
acid are allowed to partition between these phases (736). 
By this means, Krivis and Rabb (737) reevaluated the 


Cu-isonicotinic hydrazide system and obtained evidence 
for the formation of a Cu (I) species rather than a Cu 
(11) species. The reduction of Cu (11) to Cu (I) and the 
subsequent formation of an isonicotinic hydrazide com- 
plex with the latter ion may be the critical reaction re- 
sponsible for the therapeutic efficacy of isonicotinic 
hydrazide. The stability constants and the enthalpies of 
formation of complexes of caffeine and sodium salts of 
aromatic acids showed that the stability of the complex 
is the most important factor in the solubilization of 
caffeine by these salts (738). The interactions of ergot- 
amine tartrate and caffeine between pH 1 and 6.65 
demonstrated that there are marked changes in the solu- 
bility of the alkaloid with increased caffeine concentra- 
tion. Caffeine enhanced the dissolution rate of ergot- 
amine tartrate by a factor of 3 at gastric pH (739). The 
degree of sorption of chlorobutanol- 14C by polyamide 
and polyethylene was determined using scintillation 
spectroscopy. The magnitude and rate of sorption were 
measured, as well as the standard chemical potentials, 
heats of sorption, and standard entropy values (740). 


Additional references on complexation are provided 
in Table XIX. 


Surface Phenomena-To aid the reader in locating 
areas of specific interest, the authors of this review 
have subdivided the various publications dealing with 
surface phenomena; however, because of the obvious 
overlap in subject matter, the reader who needs a 
thorough review is advised to  consider the entire sec- 
tion. 


Interface Studies-The absorption of cellulosic ethers 
at lipid-liquid/water interfaces was studied in order to  
clarify the role of polymers in depressing the rate of drug 
transfer. Carboxymethylcellulose lowered the interfacial 
tension only when the lipid was nonpolar and the 
aqueous phase was acidic. Hydroxypropylcellulose 
markedly depressed the interfacial tension regardless of 
the polarity of the lipid phase or the pH of the aqueous 
phase (777). Air-water interface adsorption studies were 
conducted using seven members of a homologous series 
of N-alkyl betaine zwitterionic amphiphiles. The stan- 
dard free energies of adsorption were calculated and re- 
solved into separate contributions from polar head 
groups and methylene groups in the alkyl chain. The 
data were compared with previously published data for 
the same compounds undergoing micellization (778). A 
similar study was made of the properties of monolayers 
of normal alkyl betaines at the air-water interface. Con- 
densation of the films at pH 4.5-6 was ascribed to the 
formation of the zwitterions, but there was no indication 
that an anionic species is produced on alkaline sub- 
strates. The entropies and enthalpies of spreading sug- 
gest that there is intramolecular neutralization of charges 
between N+ and COO- groups in each molecule (779). 
The adsorption of cetyltrimethylammonium bromide at 
different concentrations of the liquid paraffin-water in- 
terface was measured by an interfacial tension-lowering 
technique as well as by an emulsion technique. The ex- 
perimental data on adsorption appeared to fit both the 
Freundlich and Langmuir adsorption isotherms (780). 
On the basis of previous work on interface potentials in 
amino acid solutions, a structural scheme of interactions 
between nonpolar radicals and water molecules was sug- 
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Table XIX-Additional Studies on Complexation Table XIX-Continued 


Ref- 
erence Topic 


741 


742 


743 


744 


745 


746 


747 


748 


749 


750 


751 


752 


753 


754 


755 


756 


757 


758 


759 


760 


76 1 


762 


763 


764 


765 


766 


Zein as a model substance in studying the interactions 
of proteins and detergents 


The adsorption of cyanocobalamin on talc in the pres- 
ence of pyridoxine and thiamine, and the use of talc 
as a lubricant in tablets of these vitamins 


The employment of simulated absorbance data to dem- 
onstrate the effects of 2: 1 molecular complexes on 
formation constants and absorptivities calculated 
for 1 : 1 donor-acceptor interactions 


Decrease of urotropine-water interaction with increase 
of the ionic radius of the alkali ion, suggesting its 
hydration 


Spectroscopic studies of the triethylamine-iodine sys- 
tems showing the advantages of the Benesi-Hilde- 
brand method for the determination of equilibrium 
constants 


In vitro binding of neomycin and its analogs by fatty 
acids, showing the marked loss of neomycin activity 
when the interaction results in the formation of a 
precipitate 


The effect of magnesium ions on an ascorbic acid 
monostearate-nicotinamide complex 


Formation of a 1 : 1 association compound by chlor- 
promazine and ninhydrin, as determined by a spec- 
trophotometric method 


Unique spatial orientation of flufenamic acid and 
other N-arylanthranilates with respect to serum 
albumin, even when the drugs are bound to the same 
site 


Increase in solubility of aromatic hydrocarbons in 
water by complexation with caffeine 


Interaction between salts of primary aliphatic amines 
and hydrophilic organic colloids like sodium carbox- 
ymethylcellulose dependence on pH, ionic strength, 
and chain length of the amine 


Interactions between colloidal silicic acid containing a 
sorbed water layer and drugs such as 8-hydroxy- 
quinoline sulfate and quaternary ammonium com- 
pounds 


Spectrophotometric studies on the interaction of acacia 
and sodium alginate with certain preservatives such 
as parabens, benzoic acid, salicylic acid, and sorbic 
acid 


Interaction between some thiamine derivatives and 
styrene-maleic anhydride copolymer 


Polyvinyl alcohol was shown to solubilize benzocaine, 
phenobarbital, and thymol through complexation by 
polyvinyl alcohol 


Single crvstal X-rav diffraction methods for obtaining 
tge crystalline and molecular structure of a 1 : 1 as- 
sociation complex between 5-chlorosalicylic acid 
and theophylline 


The formation of an, acridine-triphenylmethane dye 
complex as a possible explanation for the thera- 
peutic interference by such dyes with the action of the 
acridines 


The relationship of the anti-inflammatory activity of 
ethacrynic acid and n-ethylmaleimide to the binding 
properties of their sulfhydryl groups 


The role of complex formation with water-soluble 
steroids in the increased in vitro activity of water- 
insoluble polyene-type antibiotics 


The role of van der Waals-type forces and charge-trans- 
fer forces in the strength of a PVP-iodine complex, 
as determined by a spectroscopic method 


Improvement in color stability of aqueous sodium 
erythrosin solution over a broad pH range as a result 
of complexation with PVP 


Interaction of thiodiphenylamine with sodium and cop- 
per chloride and sulfate solutions 


Binding of enzyme inducers to histones and nucleic 
acids 


Computer program for calculation of stability con- 
stants of metal complexes of amino acids and pen- 
icillin derivatives from pH values, using known rela- 
tions 


X-ray diffraction study of the structure of polymor- 
phism of protein-lipid-water phases 


Increase in serum vitamin Bla binding capacity in 
women receiving oral contraceptives 


~~ 


Ref- 
erence Topic 


767 


768 


769 


770 


77 I 


172 


773 


774 


775 


776 


Possible inactivation of carbocaine and lidocaine by 
complexation with phospholipids 


Binding of calcium, sodium, and potassium ions to 
acid polysaccharides 


The influence of 36 ditferent drugs on the binding of 
promazine to bovine serum albumin 


The predominantly zwitterionic form of aqueous pyr- 
idine carboxylic acids and hydroxypyridines as a 
cause of their lesser cornplexing tendencies toward 
8-methoxycaffeine as compared with corresponding 
benzene derivatives 


A solubility technique used to demonstrate the forces 
involved and the differences in interaction between 
P-cyclodextrin and 1 1 pharmaceuticals in aqueous 
solution 


Apparent association constants used to estimate the 
binding of thyroxine to proteins 


Preferential complexation as the mechanism whereby 
certain barbiturates prevent the association of ri- 
boflavin and adenine derivatives in chloroform solu- 
tion 


Increase in the solubility of rutin and quercetin as a 
result of complex formation with starch 


Description of the kinetics of intramolecular hydrogen 
bonding in methyl and ethyl salicylaldehyde by means 
of an ultrasonic absorption method 


Review of the binding forces between molecules and an 
introduction to the theory of adhesion 


gested. The aqueous molecules are spontaneously 
oriented at the interface, with nonpolar substances 
forming a maximally dense monomolecular layer. This 
layer forms a basis on which other layers can be formed 
by hydrogen bonding (781). An apparatus and technique 
to obtain accurate surface pressure measurements were 
described, and a single valid surface pressure area per 
molecule curve was constructed for an insoluble cationic 
film spread from pure water onto a substrate of sodium 
chloride solution. With this curve and the results ob- 
tained by a crystal spreading method, it was shown that 
the old criteria for assessing the reliability of the K times 
area results for an expanded film are invalid and that the 
spreading of solveqts is a major source of error (782). 


Additional studies on interface phenomena are de- 
scribed in Table XX. 


Surface Tension Studies-Zettlemoyer and Rao (800) 
reported that the DuNuoy procedure for measurement 
of surface tension of anionic sodium a-sulfo fatty acid 
ester surfactants did not give reproducible values, thus 
indicating that the equilibrium surface tension is too 
variable for a given solution using this testing procedure. 
The surface thermodynamic properties of a series of 
alcohols (Cs-Cls), cellosolves, and carbitols were derived 
from surface tension measurements at various tempera- 
tures. A systematic variation of thermodynamic proper- 
ties with respect to chain length and change in tempera- 
ture was observed with the alcohols and cellosolves 
(801). The surface tension of pure liquids was shown to 
depend on the miscibility of the phases and the orienta- 
tion of the molecules at the interface. As a function of 
temperature, the surface tension isobars were concave at 
elevated pressures but were straight lines at lower vapor 
pressures. The temperature coefficient of surface tension 
is affected by the decrease in surface tension resulting 
from an increase in the saturated vapor pressure and by 
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Table XX -Additional Studies on Interface Phenomena 


Ref- 
erence Topic 


783 


783 
785 


786 


787 


788 


789 


790 


79 1 


792 


793 


794 


795 


796 


797 


798 


799 


The adsorption of surface-activc agents at  a liquid- 
liquid interface 


Spreading at the solid-oil-water interface 
Properties of interfacial films of colloidal electrolyte- 


protcin complexes 
Effects on surface pressure and surface potential of the 


addition of glycerol to the aqueous substrates of 
various monomolecular films at  the air-water inter- 
face 


Review of the practical application of the monomolec- 
ular films formed at  air-water interfaces 


The kinetics of adsorption at the oil-water interface as 
determined using a suspended-drop tensiometer 


Ionized monolayers of surfactant at  oil-water inter- 
faces 


Measurement of the attractive forces at  liquid-solid 
interfaces 


Surface pressure relaxation and hysteresis in stearic 
acid monolayers at  air--water interfaces 


Review of the intermolecular and interatomic forces at  
interfaces 


Determination of the interfxial surface during me- 
chanical mixing of immiscible liquids 


Review of the work on the properties of water- 
insoluble soap films a t  surfaces and interfaces 


Measurement of the adsorption of sodium dodecyl 
sulfate at  toluene -water interfaces using an interfacial 
tension-lowering method 


Review of the discrepancies in the data reported in the 
literature on solid-liquid interfaces 


Measurement of electrocapillary phenomena a t  oil-- 
water interfaces, including the interaction between 
surfactants and dyes 


The effect of lysolecithin on lecithin monolayers at air- 
water interfaces 


The adsorption of stearic acid on silica and alumina 
and of decanoic acid on magnesia 


the increase in the mobility of the liquid phase molecules 
with increasing temperature (802). A method was de- 
scribed for substituting adynamic measurement of surface 
tension in aqueous solution for the usual static measure- 
ments. The dyanmic method shows a time-dependent 
accumulation of surfactants and a change in the surfaces 
prior to their reaching equilibrium (803). The influence of 
temperature and added electrolytes on the dynamic sur- 
face tension of sodium dodecyl sulfate solutions was ex- 
amined by an oscillating jet method. An increase in tem- 
perature increased the initial rateof surface tension lower- 
ing but had little subsequent effect. Addition of electro- 
lytes increased the subsequent rate but had little effect on 
the initial rate (804). 


Additional references on surface tension studies are 
provided in Table XXI. 


Wetting and Contact Angle Studies-The minimum 
depth of free energy corresponding to  an equilibrium in 
thin liquid films was determined by measuring the con- 
tact angle between the film and the bulk solution. The 
significance of this angle and its relationship to  conven- 
tional contact angles were discussed and an experimental 
method for measuring it was described. Results were 
also provided for solutions of sodium dodecyl sulfate 
containing sodium chloride (821). Shafrin and Zisman 
(822) reported on a new class of surfactant compounds 
designed to  adsorb on solids to  improve adhesion of 
liquids, resins, and protective coatings. Shortening the 
aliphatic chain from chlorphenyldodecanoic to  chlor- 
phenylacetic acid influenced the wettability properties 


but also permitted use of solvents such as water. A 
technique was developed for measurement of contact 
angle in the transition zone between very thin and thick 
liquid films, based on the Wilhelmy plate technique for 
measuring surface tensions of liquids. Results were ob- 
tained at 25" for films stabilized with sodium dodecyl 
sulfate in varying amounts of sodium chloride (823). 
Equations were derived which described the thermo- 
capillary flow of liquid films spread on hydrophilic sur- 
faces and consisting of two layers having different 
rheological properties. The layer adhering to the solid 
surface was presumed to  exhibit viscoelasticity and the 
top layer to  exhibit Newtonian flow patterns. Dimen- 
sionless velocity gradients were established according to 
layer thickness (824). A theoretical formula was pre- 
sented for the spreading of a spherical droplet on a 
smooth rigid surface, based on the assumption that 
spreading is impelled by surface tensions at the interface 
and retarded by viscous flow of the droplet. Equations 
were also derived to  predict the rate of spreading and 
change of contact angle with time (825). 


Additional references on wetting and contact angle 
studies are provided in Table XXII. 


Micelle Studies--Frank and Zografi (832) stated 
that di-(2-ethylhexyl)sodiuni sulfosuccinate, when dis- 
solved in various hydrocarbon solvents, was capable of 
solubilizing large amounts of water, whereas closely 
related compounds such as the di-n-octyl and di-n-hexyl 
derivatives exhibited negligible solubilizing capacity. 
Using light-scattering techniques, the authors measured 
the micelle size of these three compounds in n-octane and 


Table XXI-Additional Studies on Surface Tension 


Ref- 
erence Topic 


805 


806 


807 


808 


809 


810 


81 1 


812 


813 
814 
815 


816 


817 


818 


819 


820 


Review of the classification and testing of wetting 


The effect of purity on the surface tension behavior of a 
agents 


homogeneous nonionic detergent 
The suggested absence of significant inflections in the 


variation of the surface tension of pure water with 
temperature 


Surface tensions of solutions of polydimethylsiloxanes 
in toluene and tetrachloroethylene a t  room tempera- 
ture 


Equations showing the relationship between surface 
tension and surfactant concentrations and the effect 
of temperature on this relationship 


The variation of surface activity with concentration of 
surfactant and CMC for cetylpicolinium compounds 


Mathematical equations for formulating the force 
between two spheres in contact due to the presence 
of a pendular ring of liquid 


The surface tension and viscosity of liquids according 
to the transient state theory of liquids 


Review of surface tension theory 
Review of surface tension 
Review of the surface tension of liquids in meniscuses 


with small radii of curvature 
Dependence of surface tension on surfactant con- 


centration 
Mathematical equation for the surface tension of 


water-ethanol--methanol solutions 
Relation of the purity of sodium dodecyl sulfate to sur- 


face tension equilibrium time 
Calculated thickness of the surface layer of liquids, 


based on thermodynamics and the theory of Bril- 
louin, which relates surface tension to layer thickness 


Changes in surface tension during mixing of ditferent 
types of disperse systems 
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Table XXII-Additional Studies on Wetting and Contact Angle 
Measurement 


Ref- 
erence Topic 


826 


827 


A light interference measurement technique for deter- 
mining small contact angles between liquids and 
solids 


Relation between the wettability of a paraffin surface 
by an aqueous solution of sodium stearate and the 
adsorption of sodium stearate onto the solid par- 
affin surface 


Use of three criteria to assess the wetting effect of 
similar anionic surface-active agents on cellulose 


Description of wetting on a molecular basis by direct 
calculation of contact angles from intermolecular 
forces 


Review of the determination of wettability by use of 
liquid contact angles 


The mechanism of spreading of a drop on a smooth 
solid surface and the role of surface viscosity in the 
dynamics of this process 


828 


829 


830 


831 


found large differences in micelle weight between di-(2- 
ethylhexy1)sodium sulfosuccinate and the other com- 
pounds in n-octane and suggested a significant role for 
the 2-ethyl side chain. The active participation of water 
in the organization of these micelles was suggested by 
significant changes in micellar weight well in excess of 
that accounted for by the added amount of water. The 
influence of different hydrocarbon solvents on micelle 
weight was also found to be quite significant. The ef- 
fects of a series of nonionic surfactants on micellization 
of an anionic surfactant was studied as a function of 
mole ratio and polyoxyethylene chain length. Changes in 
the degree of association of the anionic surfactant 
brought about by its incorporation in the mixed micelles 
was also studied. The degree of ionic dissociation of 
ionic surfactant in mixed micelles increases as the pro- 
portion of a nonionic material increases and as the 
polyoxyethylene chain is lengthened. At low concentra- 
tions, specific conductances are smaller for mixed solu- 
tions than for anionic solutions alone, whereas at higher 
concentrations, mixtures have greater conductance. 
These results are explained by the degree of ionic dis- 
sociation and the mobility of the mixed micelles (833). 
Micellar weights were determined from mixtures of 
nonionic and anionic surfactants. The degree of associa- 
tion was less than that calculated, showing the existence 
of mixed micelles. The increase in micellar weight with 
rising temperature, characteristic of nonionics, is sup- 
pressed by adding anionic surfactants. The micellar 
weight and the degree of association increased in the 
presence of sodium chloride (834). Schott (835) noted 
a remarkable resemblance in the shape, compactness, 
degree of hydration, and intrinsic viscosity of solutions 
of globular proteins near their isoelectric point and of 
nonionic detergent micelles. The polarographic micelle 
point values of nonionic surfactants were determined by 
a polarographic maximum suppression method in the 
presence of electrolytes. These values did not compare 
well with the CMC’s obtained by other methods, which 
were always higher. These differences were explained as 
due to the presence of ions which influence the water 
structure, causing a lowering of the CMC value (836). 
The decrease in the CMC caused by electrolytes was 
interpreted in terms of a salting-out mechanism, and 


evidence was offered in support of the contention that 
micelles of polyoxyethylated nonionic detergents have a 
weak positive charge. The effects of urea and formamide 
on CMC values indicate that hydrophobic bonding is 
lessened in their presence, with a resulting increase in the 
CMC (837). Sodium and potassium caprate, laurate, and 
myristate solutions, both below and above the CMC, 
were titrated with HC1. By simultaneous monitoring of 
hydrogen-ion and potassium-ion activity during the 
course of the titration of micellar laurate solutions, the 
authors were led to  conclude that hydrogen ion com- 
petes with potassium ion at the negatively charged mi- 
celle-solution interface (838). Keymer (839) noted the 
unclear relationship that exists between CMC and 
molecular size or structure, pointing out that the CMC 
values of anionic substances decrease with an increasing 
ratio of hydrophilic to  hydrophobic portions of the 
molecule, but that the CMC values of amphoteric, 
nonionic, and free acid molecules behave in a reverse 
manner. The author stated that as the aqueous solubility 
increases, the formation of micelles is reduced and the 
CMC increases, and if the solubility approaches in- 
finity, no micelle formation is possible. Wan and Poon 
(840) studied the effect of salts on the surface interfacial 
tension and CMC of surfactants and noted that all the 
salts used produced shifts in the CMC to lower con- 
centrations and reduced the surface interfacial tensions 
of air-surfactant solution and liquid paraffin-surfactant 
solution. No appreciable difference was observed when 
air was substituted for liquid paraffin as the upper phase, 
indicating that the hydrocarbon layer exerts no pressure 
effects. Shifts in the CMC were related to the valency of 
the gegenion, with a divalent gegenion producing a 
shift much greater than a monovalent gegenion. The 
CMC of cetomacrogol 1000 was practically unaffected 
by the addition of salt, and the extent of interfacial ten- 
sion reduction was small with respect to salt concentra- 
tion when compared with corresponding systems con- 
taining ionic surfactants. 


Table XXIII provides additional references on micelle 
studies. 


Adsorption Studies-The adsorption of cyanocobal- 
amin on talc is remarkably repressed by polyvinylpyr- 
rolidone (PVP); this phenomenon is due to the preferen- 
tial adsorption of PVP by talc and not to  any direct in- 
teraction between PVP and cyanocobalamin (874). 
Study of the sorption characteristics of cationic surface- 
active agents by a polyamide (nylon 6,6) showed that 
maximum sorption occurs in the region of the CMC of 
the surface-active agent. It was theorized that the hydro- 
phobic moiety of benzalkonium chloride, a cation, in- 
teracts with the nonspecific sites in the hydrocarbon 
units of the polyamide (875). The surface behavior of 
aqueous dispersions of cholesterol was studied by mi- 
croelectrophoresis and the adsorption of radiolabeled 
surface-active agents. Although bile salts were not 
greatly adsorbed on cholesterol, they did retard its 
crystal growth, apparently because their nuclear struc- 
ture permits adsorption at those sites governing the rate 
of crystal growth but is too rigid to  permit general ad- 
sorption at all sites and surfaces (876). The equation 
of state of an adsorbed film was used to derive both a 
more general equation of equilibrium and an analytical 
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Table XXIII-Additional Studies on Micelles Table XXIII-Continued 


Ref- 
erence Topic 


Ref- 
erence Topic 


841 


842 


843 


844 


845 


846 


847 


848 


849 


850 


851 
852 


853 


854 


855 
856 


857 


858 


859 


860 


861 


862 


863 


864 


865 


866 


Hydrophobic and electrostatic interactions in ionic 
micelles, with particular reference to the problems 
of calculating the contribution of the monomer to 
the free energy 


Determining the thermodynamics of micellization of 
some zwitterionic N-alkyl betaines using light- 
scattering techniques 


Influence of structure, concentration, counterion 
concentration, pH, and temperature on the size and 
structure of bile salt micelles 


Effect of temperature on the CMC of solutions of cer- 
tain surface-active N-alkylpyridinium halides 


Proposed model for treating the micelle of an ionic 
agent as a charged phase 


Relationship between log CMC of certain acylcholines 
and the number of carbon atoms in the hydrocarbon 
chain 


Effect of urea and amides on the micelle formation of 
anionic and cationic soaps 


Micelle structure by fluorine magnetic resonance, with 
particular reference to the effect of organic additives 
on sodium 12,12,12-trifluorododecyl sulfate solu- 
tions 


Employment of a fluorescein dye in a spectrophoto- 
metric determination of the CMC of some alkyl- 
dimethylbenzylamrnonium chorides, with varying 
results relative to surface tension measurements 
of the CMC 


Claim for the amphiphilic nature of k-casein as the 
basis for its ability to stabilize rmcelles against ag- 
gregation 


The reaction kinetics in certain micellar systems 
The influence of hydrophobic hydration on the con- 


ductance and viscosity of n-alkylamine hydrobro- 
mides in water at 25" both above and below the 
CMC 


Description of two types of micelle formation of ion- 
i d l y  associated colloids in organic solvents in which 
the micelle core is either hydrocarbon or aqueous, 
depending on the solvents used 


Solubilizing effect of binary systems of ionic surface- 
active agents, ascribed to the formation of mixed 
micelles with oleophilic properties different from 
those of the original components 


The thermodynamics of micelle formation 
Review of the interaction between nonionic surface- 


active agents and water, with particular emphasis 
on the phase behavior and the formation and ther- 
modynamic properties of micellar solutions 


Estimation of the degree of polydipersity of macromole- 
cules in solution by comparing the weight average 
molecular weight value with the number average 
molecular weight value 


The effect of sodium chloride on the micellar properties 
of anionic-nonionic detergents in aqueous solu- 
tion 


A light-scattering temperature-jump technique for 
assessing the kinetics of sodium lauryl sulfate micelle 
dissociation 


Use of a stopped-flow conductance apparatus for 
measuring the rate of breakdown of micelles of 
anionic and cationic surface-active agents in solu- 
tion 


Dye solubilization and light-scattering methods for 
determining the CMC of sodium cholate 


The influence of CMC on the detergent action of 
sodium dodecyl sulfate 


The interaction between disperse dyes and surface- 
active agents below the CMC of the surfactant 


Validity of an NMR method for the deterSnation of 
the CMC of high molecular weight fatty acids and the 
lauryl ammonium salts of these acids in sulfuric 
acid and in carbon tetrachloride 


The micellar properties of disodium monoalkyl phos- 
phates in aqueous solutions, and the comparatively 
large aggregation numbers of these salts, reflecting 
the two dissociable groups characteristic of alkyl 
phosphate anions 


The colloidal properties of mixed solutions of anionic 
and cationic surfactants: discrepancies between the 


867 


868 


869 


870 


871 


872 


873 


molar concentrations obtained by the vapor pressure 
osmometer and the actual molar concentration, due 
to the formation of aggregates of several molecules 
at low concentration and the increase in degree of 
dissociation of the micelles at high concentration 


Demonstration of an increase in the charge on the poly- 
oxyethylene sulfate-type surfactant micelle with 
increasing oxyethylene content and a decrease in the 
degree of solubilization 


The electrophoretic behavior of micelles of a poly- 
ether sulfate-type surfactant 


Estimation of the micellar molecular weights of mixed 
surfactants using a gel filtration techmque, with the 
observation of a linear relationship between log 
micellar weight and relative retention volumes of 
micelles at various ratios in the presence and absence 
of 0.1 M sodium chloride 


Determination of the degree of ionic dissociation of 
mixed micelles in aqueous solutions of cationic and 
nonionic surfactants 


The thermodynamics of micellar solutions: possible 
insight provided by examining the distribution ratios 
for the components of two equilibrium phases of 
certain systems of micellar solutions 


The surface and micellar properties of long-chain non- 
ionic surfactants 


The aggregation of surface-active molecules to form 
micelles, as shown by a multiple equilibrium model 
which considers changes in the distribution of micelle 
aggregation numbers with concentration 


expression for the heat of adsorption as a function of the 
amount adsorbed. The van der Waals equation was used 
to show that forces of molecular interaction on the sur- 
face of the adsorbent are generally repulsive and account 
for variation in the adsorption of heat with the amount 
adsorbed (877). Adsorption isotherms were obtained 
from the adsorption of methylene blue by carbon black, 
indicating that dye adsorption increases with increasing 
pH until the amount of dye adsorbed becomes constant 
between pH 7 and 9 (878). Based on simplified models of 
an adsorption system, equations were derived for esti- 
mating the role of various factors in adsorption. The 
relative surface activity of adsorbates which adsorb at a 
smooth adsorbent-liquid interface was estimated as a 
function of the state of distribution of molecules before 
adsorption, the structure of adsorption layers, the size 
and shape of adsorbate molecules, the orientation of 
adsorbate molecules in the adsorption layer, the inter- 
action energy of adsorbate with solvent and adsorbent, 
and the interaction energy between adsorbate molecules 
(879). When large organic molecules diffuse through a 
multiphase matrix containing water, dispersed water- 
insoluble solvents, proteins, etc., they become partially 
immobilized by adsorption, the overall effect being a de- 
crease in the apparent coefficient of diffusion. To dif- 
ferentiate the effects of sorption and free diffusion, a 
model was proposed which assumes a rapid, dynamic 
equilibrium between the diffusible and sorbed species. 
Fick's law is assumed to apply for the diffusing species, 
while the sorbed species is assumed to be immobile. Re- 
sults show good agreement between the measured rate 
and that predicted by the model (880). 


Additional references on adsorption studies are pro- 
vided in Table XXIV. 
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Table XXIV-Additional Studies on Adsorption 


Ref- 
erence Topic 


Table XXIV-Continued 


Ref- 
erence Topic 


881 


882 


883 


884 


885 


886 


887 


888 
889 


890 


891 


892 


893 


894 


895 


896 


897 


898 


899 


900 


90 1 


902 


903 


904 


905 


906 


907 


908 


909 


910 


911 


Cation-dipole interactions in clay-organic complexes, 
showing that such interactions play an important 
role in the process of adsorption 


The greater viscosity and higher structure of water 
when adsorbed onto kaolin than onto bentonite 


History of formation and methods used to study the 
physical properties of natural adsorbents 


Adsorption isotherms for dinonyl phthalate adsorbed 
from toluene solution by bentonite and kaolin 


The in uitro resorption of sulfonamides from ben- 
tonite derivatives when the latter are incorporated 
into emulsion and fatty acid ointment-type bases 


Employment of an IR method to determine the nature 
of water adsorbed on Wyoming bentonite 


Interaction of water molecules with various mont- 
morillonite surfaces 


Adsorption of pigments from nonaqueous solutions 
The binding of calcium and potassium ions to some 


polyuronides and monouronates 
Comparison of the calculated and experimental adsorp- 


tion isotherms of organic nonelectrolytes adsorbed 
from aqueous solution 


Cyclic organic compounds that are adsorbed more 
strongly than other compounds by activated car- 
bons 


Employment of the Gibbs-Helmholtz equation to 
calculate the heat of wetting of charcoal by methanol 


The effect of pH on the amount of phosphate ion ad- 
sorbed by fresh and aged boehmite, and the lack of 
such effect at very low phosphate-ion concentrations 


Types of forces involved in particle interaction and 
particlewater interaction in clay-water systems 


The cation exchange between the mobile metal cations 
of bentonite and some alkaloids, amino acids, sul- 
fonamides, and quaternary ammonium and pyri- 
dinium salts 


Adsorption isotherms of dodecyl sulfate and dodecyl 
amine acetate adsorbed from monazitewater sys- 
tems 


Review of crystal structure of amorphous and crys- 
talline materials and the effect of free valences on 
surface adsorption 


Reported on the reactions of phosphate with aluminum 
and Wyoming bentonite 


Survey of current problems in the interpretation of 
data on adsorption from solution 


The physicochemical and adsorption properties of D- 
cycloserine: adsorption by a strongly cross-linked 
sulionated cationic resin 


The adsorption of heavy metal cations by hectorite and 
its accompaniment by the removal from solution of 
silicic acid released by clay dissolution 


The influence of adsorbed akylammonium ions on the 
water sorption and swelling of sodium and calcium 
montmorillonite; decrease in the water uptake of 
the sodium salt, accompanied by extensive crystal 
swelling, with increase in the ratio of exchangeable 
alkyl ammonium to ammonium ions 


Measurement of the electrophoretic mobilities of 
carbon black, titanium dioxide, ferric oxide, and ben- 
tonite particles in solutions of a series of sodium 
polyphosphates and metaphosphates 


The static adsorption of a water-soluble polymer on 
natural sorbents 


Ability of hydroxylated silica surfaces to carry two 
distinct types of surface hydroxyl sites 


A multilayer theory for adsorption from solutions com- 
posed of molecules of different size 


A parallel layer model for describing the thermody- 
namics of adsorption from polymer solutions 


A phosphate-adsorption phenomenon in kaolin clays 
associated with exchangeable hydroxyl groups in the 
clay crystal 


Adsorbed molecules which may either be localized or 
move freely along the adsorbing surface 


Report on the interaction of clay-water systems as 
affected by hydrous aluminum oxide films 


Classification of water vapor sorption isotherms of 
various solids with respect to the mechanism of 
water binding, chemical composition, and physical 
structure of the sorbents 


912 


913 


914 


915 
91 6 


91 7 


918 


919 


920 


92 1 


922 


The adsorption of carbon dioxide by alumina using IR 
and isotherm measurements 


The acid character of montmorillonite as shown by 
titration curves in water and some nonaqueous sol- 
vents; the presence of aluminum ions at the edges of 
the clay crystal as an explanation of their weakly 
acidic character 


A statistical theory of adsorption based on the reverse 
expansion method 


Review of the progress of adsorption studies 
Some of the essential features of adsorption isotherms 


of binary liquid solutions of low molecular weight 
nonelectrolytes at the liquid-vapor and solid-liquid 
interfaces 


Correlation of the adsorption affinity of organic sub- 
stances with their acid-base properties; the contribu- 
tion of steric factors and molecular polarizability 


Equation for the adsorption of two different adsorbates 
on the same adsorbent under different conditions 


Use of the reactivity of magnesium- and calcium-satu- 
rated montmorillonite surfaces for studying the ad- 
sorption of organic amines and pyridines 


An equilibrium theory of the kaolinite-water system at 
low moisture contents, with some remarks concern- 
ing adsorption hysteresis 


The influence of a presorbed anionic surfactant on the 
sorption of a cationic surfactant by hair 


The evaporation resistance and interaction of (poly- 
methylvinyl ether/maleic anhydride) with plasti- 
cizers 


Surface Area and Porosity Studies-Giles and Trivedi 
(923) described a rapid semimicro method for the deter- 
mination of the specific surface of solids by dye adsorp- 
tion. The method utilizes known volumes of solutions 
of rated concentrations, with which the solid 
is shaken and the adsorbed weight determined by 
analysis. From these data the adsorption isotherm is 
plotted, the level of the plateau representing the amount 
of dye in a complete monolayer on the surface. The 
authors have successfully used microporous silica, 
alumina, and graphite as solid adsorbents. The theory of 
multilayer adsorption on solid adsorbents was statisti- 
cally and mechanically formulated by taking into ac- 
count the lateral attractions between adsorbate models. 
The theory was generalized to  a mobile adsorption on 
flat, homogeneous surfaces (924). Henson and Hunter 
(925) presented criteria for determining the best setting 
of relative pressures at which to conduct adsorption de- 
terminations so that a good estimation of the capacity 
and surface area of the monolayer can be obtained. Ex- 
periments were selected by maximizing a function of 
partial derivatives of equations at specific values of the 
parameters. p-Nitrophenol in water or in benzene so- 
lution and several dyes were used to measure the ap- 
parent specific surface of porous charcoals, silicas, and 
alumina by adsorption. The results reveal a relation be- 
tween the apparent surface and pore size distribution 
(926). An apparatus was developed for B.E.T.-type 
adsorption measurements for surface area determina- 
tions. The apparatus is purported to expedite the mea- 
suring process and the evaluation of the resulting data 
(927). An air-permeability method compared favor- 
ably with the B.E.T. method for determining specific 
surface areas, owing to the smaller surface microporos- 
ity, but the calculated average particle diameters only 
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roughly coincided with those from microscopic mea- 
surements (928). Conductometric titration of clay sus- 
pensions with dodecylamine hydrochloride solutions 
was presented as a rapid method for the determination 
of surface area of clay particles suspended in aqueous 
media (929). A critical examination of the different 
methods proposed for the measurement of surface 
area of solids led to the development of a differential 
volumetric measurement technique (930). 


Diffuse (Electrical) Double-Layer Studies-Jones 
(931) reported on the relation between surface charge 
density and the double-layer potential of soap films. 
With the aid of the Gouy-Chapman theory of double- 
layer potential, surface charge density, and electrolyte 
concentration in liquid films, it was shown to be more 
realistic for systems to behave as though characterized 
by constant surface charge density than by constant 
potential. Conway and Gordon (932) directed attention 
to some of the problems arising in the treatment of the 
double layer which can usefully be considered in light 
of similar or related problems regarding ionic solutions. 
They provided a table which compares the problems 
observed under conditions of ionic equilibrium with 
those observed in double-layer systems. Becher (933) 
published an excellent review on the theory of the 
electrical double layer, including a complete solution 
of the case of the diffuse double layer for an infinite flat 
plane. The effect of adsorption, ionic strength, and pH 
on the potential of the diffuse electric layer was de- 
scribed (934), along with an evaluation of the electrical 
double layer on silica in the presence of bivaIent coun- 
terions such as magnesium, calcium, and barium (935). 
Electrophoretic measurements were made of micelles 
of dimethyldodecylamine oxide and betadodecylamino- 
propionic acid in 0.1 M sodium chloride solutions of 
varying pH. The electrical double layer around the 
micelle at different pH values was then constructed 
according to the Stern theory (936). 


Foam Studies-The effect of electrolytes on the foam 
stability of aqueous solutions of nonionic surfactants 
was discussed (937). A study was made of the relation 
between the initial foam height, as measured by the 
Ross-Miles test, and such factors as concentration of 
the surfactant, CMC of the solute, surface tension of 
the solution, surface area of the foam, and the work 
involved in the production of the foam surface (938). 
Ranny (939) reported that optimum foam volume and 
stability were achieved with surfactants having long, 
straight carbon chains with the hydrophilic groups at 
one end. Shifting of the hydrophilic groups toward the 
middle of the chain decreased the stability of the foam. 


General Studies on Colloids, Gels, and Sols-A silver 
iodide sol, when coagulated by aluminum sulfate in 
solutions acidified with sulfuric acid, showed an in- 
crease in the critical coagulation concentration with a 
decrease in the pH. This result, which was attributed to 
the formation of an Also4+ complex, indicated that 
the antagonistic effect observed when coagulation is 
carried out with pairs of electrolytes may be entirely due 
to counterion complexing (940). Napper (941) con- 
sidered the stabilization of colloids by nonionic hy- 
drophilic macromolecules to be steric. The stability of 
ion-stabilized colloids in the presence of surfactants was 


reported; according to this concept, the stability of the 
sol depends on the recession of the electrical double 
layer and the thickening of the adsorbed film of soap on 
the particles, a process which lowers the molecular 
forces between them (942). Dukhin and Stoilov (943) 
critically reviewed the three most frequently used 
methods for determining the permanent dipole moment 
of anisodiametric colloid particles. A method was re- 
ported for modifying the texture of aluminum phos- 
phate gel by thermal treatment (944), and a description 
was given of a procedure for incorporating oils into 
transparent gels without the development of haze during 
storage (945). By studying the colloidal stability of silver 
iodide at levels far above the coagulation concentration, 
it was shown that sols do not restabilize at salt con- 
centrations up to 3 My even though a repulsive force 
can exist at such levels (946). Current views on the 
stability of colloidal solutions were discussed, along 
with approaches to stabilizing these systems (947). 


Studies on General Properties of Surface-Active 
Agents-A comparison of HLB values according to two 
prevailing systems was made for two classes of nonionic 
surfactants, namely, the ethylene oxide adducts of n- 
dodecanol and of branched nonylphenol with increasing 
degrees of polyoxyethylation. The two systems were 
shown to differ fundamentally in that only one treats 
the HLB value as constitutive and additive. For both 
HLB systems, simple relationships were found between 
the HLB values of each class of surfactants and their 
critical micelle concentrations. These relationships have 
different forms for the two systems and, within the same 
system, different numerical values for the two classes of 
surfactants (948). Schott (949) compared the cloud 
points of 165 nonionic surfactants, based on their cal- 
culated HLB values. Increasing length of the polyoxy- 
ethylene moiety increased the HLB and cloud points. 
The equations for calculating the HLB, which had been 
derived from emulsification experiments, contained the 
weight-percentage of polyoxyethylene as the sole vari- 
able characterizing the surfactant. Therefore, the cal- 
culated HLB was not affected by the surfactant char- 
acteristics, which largely govern the values of cloud 
point, CMC, and interfacial tension. Additional HLB 
measurements would be needed to determine whether 
all experimental HLB values are really independent of 
the structure of the surfactant molecules, as proposed. 
The properties of sodium alkane (C13 to CIB) sulfonates 
were determined and shown to be highly dependent on 
their molecular weight (950). While studying the turbid- 
ity point of nonionic surfactants, it was noted that the 
length of the hydrophobic alkyl group influences the 
cloud point, contrary to the dehydration theory, which 
assumes clouding to be due to the hydrated ether groups 
of the surfactant (951). A change was observed in the 
physical and chemical properties of surface-active 
semicolloid solutions after magnetic field treatment. 
Concentration of surfactant above the CMC, by de- 
stroying micelles, caused an increase in the amount of 
the ionic form of the surfactant and, consequently, an 
increase in conductance and decrease in surface tension 
(952). Felmeister and Schaubman (953) reported on 
studies in which a monomolecular film of dipalmitoyl 
lecithin was spread on an aqueous phase into which a 
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Table XXV-Additional Studies on General Properties of 
Surface-Active Agents 


Ref- 
erence Topic 


957 


958 


959 


960 


96 1 


962 


963 


964 


965 


966 


967 


968 


969 


970 


971 
972 


The solubilization of a three-component system of 
liquid paraffin, water, and nonionic surfactant, show- 
ing that structure and number of ethylene oxide 
molecules affect the solubilizing power of the sur- 
factant 


Interaction between p-aminoazobenzene and anionic 
surfactants 


The influence of N-methylacetamide and urea on the 
properties of surfactants in aqueous solutions 


The effect of alkyl-chain structure on the physicochem- 
ical properties of sulfate-type and ether sulfate-type 
surfactants 


The surfactant properties of hydroxylated sulfonated 
esters of various fatty acids, showing the generally 
superior properties of the unsaturated acids relative 
to the saturated fatty acids 


The coalescence of a liquid drop at the liquid-liquid 
interface, and the effect of surface-active agents 


The rate of formation of a monolayer on a drop of 
water from the vapor and dispersed phases of sur- 
face-active agents 


The structure-activity relationships of nonionic and 
anionic surfactants 


Biodegradability of alkyl benzene sulfonates and alkyl 
sulfates 


Hydrolytic stability of ester-type nonionic surfactants; 
the near-constancy of log k between pH 4 and 6 and 
its proportionality to hydrogen-ion concentration or 
hydroxyl-ion concentration outside these pH limits 


Criteria for surface-active agents which have emulsify- 
ing capacity 


The concept of permeability number to define the 
permeation character of “intestinosolvent” coating 
materials 


Synthesis and study of the properties of polyethylene 
glycol ethers of CS to Ga fatty alcohols 


The composition and elasticity of thin-liquid films 
drawn from solutions containing sodium decanesul- 
fonate and varying amounts of dodecanol penta- 
ethyleneglycol ether 


Review of the trends in types and uses of soaps 
Basic values and typical properties of various sur- 


factants and detergents 


photosensitive phenothiazine drug was dissolved. The 
system was then exposed to  UV radiation, and the re- 
sultant changes indicated that substitution in the 2- 
position of the phenothiazine nucleus is critical in the 
photosensitized interaction. In a similar study, the same 
authors proposed a relationship between the increase 
in surface activity induced by irradiating a drug and 
its in viuo photosensitizing properties (954). {-Potential 
measurements were made of plasma, bile, and solutions 
of albumin, calcium, and sodium chloride in order to  
evaluate their effect on the net surface charge of sus- 
pended particles (955). To test the validity of {-PO- 
tential as a determining factor in the stability of colloidal 
systems, and the possibility that electrolytes might 
change the electrophoretic properties of colloid particles 
by their influence on {-potential and solution ionic 
strength, the electrophoretic mobility of suspensions of 
solid emulsion particles of paraffin with stearic acid, 
using petroleum spirit as a spreading solvent, was 
studied as a function of salt concentration. The elec- 
trophoretic mobilities were strongly influenced by the 
nature of the counterion, making it necessary to modify 
the equations expressing the effect of decrease of repul- 
sion potential attributed to  a hydration barrier (956). 


Additional studies on general properties of surface- 
active agents are provided in Table XXV. 


Crystallization-Lin and Lachman (973) reported 
that different crystal forms were obtained on dissolu- 
tion and recrystallization of a new antihypertensive 
agent, as determined by X-ray diffraction, IR, and 
photomicrographs. A method was developed, based on 
dissolution rates, for estimating the ratio of crystalline 
drug to  that dispersed at the molecular level within a 
carrier. Under appropriately chosen conditions in the 
two diverse systems, the dissolution rate of the drug was 
linearly related to  its degree of crystallinity (974). 
Methods of preparation and characterization of two 
crystal forms of sulfathiazole, using differential scanning 
calorimetry and IR spectroscopy, were presented. The 
transition temperature depended on the rate of heating 
and the sample source. Interconversion of the crystal 
forms under different conditions, such as heating and 
suspension in water, was described. An assay procedure 
was devised, based on the area of the thermal transition 
peak of Form I, and results of analysis of synthetic 
mixtures of Forms I and I1 were given (975). To obtain 
basic data on crystallization of the molecular compound 
of aminopyrine and baribital from aqueous solution, 
the diagram of the ternary system aminopyrine-bar- 
bital-water was studied in the temperature range 0-98”. 
The molecular compound was best obtained by using 
an excess of aminopyrine and by crystallizing from 
concentrated solution at high temperature (976). Mar- 
shall and Nancollas (977) investigated the kinetics of 
crystal growth of dicalcium phosphate dihydrate and 
showed that, after a brief initial surge, the rate of 
growth of crystals follows a second-order rate, with 
respect to  calcium and biphosphate concentration, over 
a wide range of calcium and phosphate concentration, 
suggesting a predominantly surface-reaction controlled 
process. 


Similarly, the kinetics of calcium sulfate precip- 
itation from aqueous supersaturated solutions con- 
taining gelatin or sodium carboxymethylcellulose were 
studied. The rate of precipitation was shown to depend 
upon the rate of conglomeration of the calcium sulfate 
colloidal particles present in the system. Gelatin and 
sodium carboxymethylcellulose concentration and pH 
all affect the kinetics. Above the isoelectric point, gelatin 
slows down precipitation, but below this point the pre- 
cipitation is accelerated. The negatively charged car- 
boxymethylcellulose stabilized the system and was more 
effective than gelatin in this regard (978). Phenobarbital 
can be freed of impurities, especially occluded mother 
liquor, by controlled crystallization (979). The aging of 
an aqueous suspension of amorphous aluminum hy- 
droxide was followed in a simple dilatometer. Initially, 
an increase in volume was observed, and the simul- 
taneous development of pseudoboehmite was revealed 
by X-ray diffraction. The subsequent formation of a 
trihydroxide was accompanied by a decrease in volume. 
Rheological measurements showed that the formation of 
pseudoboehmite through a condensation polymerization 
process was accompanied by gelation. The gel structure 
could eventually hinder the growth of pseudoboehmite 
particles, with a consequent discontinuity in the kinetics 
of the process (980). 
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Rheology-Rheological studies of triethanolamine- 
bentonite gels revealed their typical thixotropic char- 
acteristics (98 1). By postulating that thermodynamic 
transportation coefficients may be related to the friction 
that occurs in viscous flow, a relation between the 
viscosity and the intradiffusion coefficient was obtained 
for multicomponent systems (982). Several proposed 
mechanisms of thixotropic behavior of montmorillon- 
ite-water systems were evaluated and the effects of 
temperature, reshearing, concentration, and storage 
time on these systems were studied by NMR and rheo- 
logical measurements. The specific parameters used 
were the change in line width of the NMR spectrum 
and the static yield values obtained from the rheograms. 
The results were in complete agreement with the theory 
that the colloidal particles, upon contact, adhere to 
form a spacious matrix resembling a house of cards 
(983). 


Additional studies on rheology are provided in Table 
XXVI. 


Table XXVI-Additional Studies on Rheology 


PHARMACEUTICAL ASPECTS 


Radiopharmaceuticals-Spencer et al. (996) demon- 
strated that, in man, aluminum phosphate gel reduces 
the absorption of radiostrontium by 85% and the ab- 
sorption of radiocalcium by only 38%. Vertua (997) 
reviewed the theoretical concepts and applications of 
radioisotopes in pharmacology. Another article re- 
viewed the compounds which protect against radiation 
and discussed possible mechanisms (998). Another de- 
scribed radioactive medicinal substances (999). 


Antibiotics-In reviewing the chemical aspects of 
penicillin allergy, Schwartz (1000) discussed the bio- 
chemical basis of drug allergy and the antigenic de- 
terminants of penicillin allergy and penicillin metabo- 
lism. He concluded that more work should be 
directed toward defining degradation products, their 
rate of formation, and their ability to react with 
protein. Benzyl penicillin and 6-APA were shown to 
contain small but significant amounts of high molecular 
weight protein impurities attached to penicilloyl groups. 
These impurities stimulate formation of the antibodies 
with penicilloyl specificity that may be responsible for 
penicillin allergies (1001). The amphoteric penicillins, 
ampicillin and cyclacillin, possess properties similar to 
the alicyclacillinphatic amino acids. At a pH equal to 
the isoelectric point, they exist essentially as zwitterions, 
and in this form are most stable and least soluble in 
water. The aqueous solubility of ampicillin changes 
only slightly with a change in ionic strength, unless a 
nonpolar solvent is added. In water at 25 O the carboxyl 
groups of all penicillins appear to have the same pK,, 
while the amino groups of the amphoteric penicillins 
vary in the pK2 values over a wide range, probably being 
influenced by the adjacent side-chain groups. A change 
in the dielectric constant affects the pKI more than the 
pKt, while a change in temperature does the opposite 
(1002). Cyclacillin (WY-4508) was shown to have more 
selective in vitro activity than ampicillin against a va- 
riety of Gram-positive and Gram-negative organisms. 
Rapid absorption follows oral administration of this 
new antibiotic, with 44% renal excretion in 24 hr. 


Ref- 
erence Topic 


984 


985 


986 


987 


988 


989 


990 


991 


992 


993 


994 


995 


Optimum method and suggested criteria for evaluating 
the thixotropy of macromolecular gels 


Rheological characteristics and sedimentation rates of 
kaolinite suspensions 


Use of ointments and pastes to determine static lower 
plastic-flow limits with the extensometer balance 


Characteristics of kaolin suspensions, which are New- 
tonian at low concentrations, pseudoplastic at 
medium concentrations, and plastic at high concen- 
trations, with thixotropy appearing at the yield point 


Preparation of microemulsions of Spans (surface-active 
agents) and Tweens (polysorbates) in benzene and 
water and determination of their viscosities 


Determination of the rheological properties of foam 
stabilizers with a canal viscometer which provides 
absolute values of surface shear viscosity and yield 
strength 


Determination of the physicochemical properties of gels 
by rheological and thermal analysis 


Comparison of the rheological properties of bentonite- 
based salves with petrolatum-based salves by means 
of a pendulum consistometer 


Flow properties and hysteresis behavior of oily ge- 
latinous preparations containing liquid paraffin, 
stearic acid, polyethylene glycols, petrolatum, stearyl 
alcohol, paraffin wax, and palmitic acid 


The rheological behavior of kaolinitic clay in the pres- 
ence of sodium salts of organic acids 


The rheological characteristics of the kaolin-poly- 
electrolyte interaction 


The influence of complex anions on the rheological 
properties of kaolinitic clay 


(1003). Lincomycin-2-phosphate was inactive in a plate 
antibacterial assay using Sarcina lutea, although in 
vivo the phosphate ester is as active as the parent com- 
pound, lincomycin, in mice infected with Staphylococcus 
aureus. The ester gave slightly higher blood levels than 
the parent compound upon oral adminstration to dogs. 
In addition, the ester has a less bitter taste than the 
parent compound (1004). Compared with tetracycline, 
doxycycline has equal or better in vitro activity against 
a wide range of organisms. A greater lipid solubility 
and a greater degree of binding to serum protein was 
also noted for doxycycline (1005). The bactericidal 
activity of various deoxystreptamine antibiotics was 
tested against a large number of organisms in vitro and 
in mice. Good correlation was seen between the in vivo 
and in vitro activity (1006). Fifteen salts of erythromycin 
were prepared and their relative water solubilities and 
bitterness levels measured. The water solubilities were 
found to be related to the size of the alkyl group at- 
tached to the acid. The level of bitterness, however, 
was related not only to the size of the alkyl group but 
also to the stability of the salt, which was shown to be a 
function of the strength of the acid used to prepare it. 
The least bitter salt was the stearyl sulfate (1007). As 
shown by experiments using two antibiotics against 
Escherichia coli in the guinea pig, bacterial kinetics 
can be divided into a bacteriostatic phase, a rapid 
bactericidal phase, and a slow bactericidal phase. At 
high antibiotic levels the first phase slows, while the 
second phase intensifies. The same results were obtained 
in vivo and in vitro (1008). Cephalexin and cephalo- 
glycine were tested for activity against a large number of 
pathogens in vitro. Both antibiotics were rapidly ab- 
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Table XXVII-Additional Studies on Antibiotics Table XXVII-Conrinued 
~ ~ 


Ref- 
erence Topic 


101 7 


1018 


1019 


1020 


1021 


1022 


1023 


1024 


1025 


1026 


1027 


1028 


1029 
1030 


1031 


1032 


1033 
1034 


1035 


1036 


1037 


1038 


1039 
1040 


1041 


1042 


1043 


1044 
1045 


1046 


1047 


1048 


1049 


1050 


Relation between bacterial production of penicillinase 
and sensitivity to Penbritin (ampicillin) 


Emergence of Pseudomonas aeruginosa strains highly 
resistant to carbenicillin 


Greater effectiveness of colistin and polymyxin B than 
gentamicin against certain strains of P. aeruginosa 


Increase in resistance of Bacillus subrilis strains to 
oxytetracycline as the cause of its increased resist- 
ance to tetracycline, chlortetracycline, and penicil- 
lin 


Review of bacterial resistance to penicillins and ceph- 
alosporins 


Review of the physicochemical aspects of chelation 
and the role of chelation in antibiotic actions 


Review of the chemistry and production of anti- 
biotics by several Bacillus and Streptomyces species 


Review of the use of polyelectrolytes as flocculants in 
fermentation broths of antibiotics, including mathe- 
matical equations for adsorption of flocculants and 
filtration of flocculated suspensions 


The mechanism of action of certain antibiotics in 
relation to protein synthesis 


Review of the use of chloramphenicol in ophthal- 
mology 


Review of tyrothricin, gramicidin, bacitracin, poly- 
myxin, colistin, and viomycin 


Review of the progress in antibiotics between 1945 
and 1965 


Review of penicillins 
Suggested use of a blue dye to assure that a seed 


layer containing the test organism has been added to 
a base layer in microbiological assays by agar plate 
methods 


Investigation of the in vico concentration and com- 
parativein vitro sensitivity of some strains of staph- 
ylococci to dicloxacillin 


Report on the in uifro and in vivo activity of oxolinic 
acid, noting that its spectrum and primary activity 
against Gram-negative bacteria are similar to those 
of nalidixic acid 


The antituberculotic activity of tuberactin 
Correlation of the in vitro activity of gentamicin with 


that of other antibiotics 
Effect of chemical structure on polypeptide synthesis 


and miscoding activity of antibiotics 
Halomicin, a new micromonospora-produced anti- 


biotic 
Limited activity of carbenicillin against resistant 


staphylococci and its special effectiveness against 
Gram-negative bacteria such as Pseudomonas and 
Proteits species 


Human pharmacodynamic studies with rifamycin and 
its role in interference with the bilirubin cycle 


Bacteriologic properties of rifamycin 
Antimicrobial activity and pharmcological behavior 


of cephaloglycine 
High in vitro antibacterial activity of furazolium 


chloride 
Antibacterial activities of a number of penicillin 


amide derivatives against penicillin-sensitive and 
penicillin-resistant organisms 


Comparative in uivo antibacterial activity of benzyl- 
penicillin and penicillin dipeptides 


Review of the spectrum and activity of lincomycin 
Resistance of all Closfridium perfringens strains to 


therapeutic doses of various antibiotics 
Susceptibility of staphyloccci to new antimicrobial 


agents 
Comparative in uitro antibacterial activities of 7- 


chloro~7-deoxylincomycin, lincomycin, and eryth- 
romycin 


Lincomycin and clinimycin : comparative absorption, 
excretion, and antibacterial activity in uifro; the 
superior absorption properties of clinimycin 


Demonstration of synergy by competitive inhibition 
of p-lactamase in P. aeruginosa, using various com- 
binations of benzylpenicillin, methicillin, and 
cloxacillin 


Therapeutic synergistic activity of ampicillin and 
cloxacillin, and the protective effect of cloxacillin 


~ 


Ref- 
erence Topic 


on enzymic degradation of ampicillin by penicil- 
linase 


1051 Doxycycline, an antibiotic which resembles tetra- 
cycline in antibacterial spectrum but which is two 
to four times more potent in vifro and more stable 
to pH change 


Synthesis and in vitro fungistatic activity of some N- 
substituted amides and amine salts of sorbic acid 


1052 


sorbed and excreted in the urine, with the absorption 
being delayed by food. Serum levels were shown to be 
higher when the agents were administered with pro- 
benecid (1009). The bactericidal action of chloram- 
phenicol and streptomycin was tested on sensitive 
strains of E. coli and S.  aureus. With a short contact 
time, chloramphenicol was completely inactive, but 
as the contact time increased so did its bactericidal 
activity. Streptomycin had a strong bactericidal action 
(1010). The plasma concentration curve for bamifylline 
after oral adminstration was similar to that obtained 
after i.v. administration of the same dose. The drug is 
rapidly excreted in the urine and follows two metabolic 
routes of degradation (1011). Koyarna et al. (1012) 
described the configuration of viomycidine, as deter- 
mined by X-ray diffraction. A review of various tetra- 
cyclines was published, including their absorption, 
excretion, distribution in the body, and daily dosage 
(1013). The apparent partition coefficients between n- 
octyl alcohol and aqueous buffers were determined for 
several tetracyclines. Using microscopic dissociation 
constants for tetracycline, the relative amounts of each 
microscopic ionic form of tetracycline theoretically 
present at each pH were calculated. The zwitterionic 
form, which was present in the highest concentration in 
the pH range from 4 to 7, appeared to be the most lipid- 
soluble form, its reduced polarity possibly resulting 
from an intramolecular type of ion-pair formation. The 
possible relationships between the biological activity 
of the various tetracycline analogs and their pH-octanol 
solubility profiles were discussed (10 14). Carbenicillin- 
resistant variants obtained from each of eight strains of 
Pseudomonas aeruginosa were tested by growing in- 
oculum on agar plates containing carbenicillin. The 
resistant variants resembled the parent strains in cultural 
appearance, pigment production, and virulence for 
mice (1015). The surface tension of 21 antibiotic com- 
pounds was correlated with their antibacterial activity 
in uitro. It was noted that the compounds with the lowest 
surface tension had the highest antibacterial activity 
(1016). 


Additional studies on antibiotics are listed in Table 
XXVII. 


BIOPH ARMACEUTICS 


A thorough review of biopharmaceutics was presented 
by Garrett and Araujo (1053). Also published during 
the year were reviews on drug-response evaluations, 
empirical equations for correlating the biological effi- 
ciency of organic compounds, and test models for 
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evaluating the chemotherapeutic effectiveness of drugs 
(1054-1056). Drug absorption, distribution, and ex- 
cretion were reviewed, and, in particular, the metabolic 
fate of chlorpropamide, diphenylhydantoin, and hetacil- 
lin (1057-106 1). The clinical effectiveness of hetacillin 
was shown to be due to its conversion to ampicillin 
(1062). 


Reports were given describing the species differences 
in the metabolism of diazepam, apomorphine, sul- 
fisomidine and sulfamethomidine, sulfadimethoxine, 
and phenacetylurea, and pharmacological response in 
general was discussed (1063-1071). Also studied were 
the effects of species differences on the binding of drugs 
to plasma protein (1072-1074). The effects of age and sex 
on drug metabolism were reported (1075-1077). 


Effects of Physicochemical Properties-The various 
physical and chemical factors affecting drug absorp- 
tion, availability, and therapeutic response in general 
were reviewed (1078-1083). 


Two polymorphic forms of aspirin were prepared by 
Tawashi (1084) and shown to be thermodynamically 
different, based on their differential thermal analysis, 
thermogravimetric analysis, and dissolution rates. 
Form 11, the most thermodynamically unstable, gave 
blood serum salicylate levels 70% higher than Form I 
for the same time period. The urinary excretion of 
ethylamphetamine and its metabolite, amphetamine, 
was studied in man after oral administration of the (+), 
(-), and (+) isomers of ethylamphetamine hydrochlo- 
ride. The rate of excretion of these amines is dependent 
on the pH of the urine. At acid values, the (+) isomer 
is metabolized faster and to a greater extent than the 
(-) isomer, which is excreted mostly unchanged (1085). 
Similar results were shown for the influence of urinary 
pH on the rate of excretion of Z-adamantanamine (1086). 
Partition coefficients in n-heptane-sodium hydroxide or 
HC1 were determined for a series of amines and acids, 
and a linear relation was found between the chain 
length and the log of the partition coefficient. Alkyl 
chain length was linear with buccal absorption of certain 
amphetamines and fenfluramines when they were 1% 
nonionized. Similarly, there was a linear relation be- 
tween the logs of the partition coefficients and buccal 
absorption of the amines and acids when these com- 
pounds were 1 and 10% nonionized. When the amines 
and the acids had similar partition coefficients, their 
buccal absorption was similar over a pH range of 4 to 
9. n-Heptane was considered equivalent in solvent 
properties to  the buccal lipid membrane for the com- 
pounds used in the test (1087). 


The phenomenon of displacing one drug from a 
plasma-binding site with another drug continues to  be 
of interest. Solomon (1088) advised that concurrent 
therapy with two compounds which bind to protein 
should always be undertaken with caution, since many 
drugs appear to compete for a common binding site. 
Data on the extent of binding of a drug to  albumin and 
its rate of metabolism in man are of great value in 
predicting whether it will displace other compounds 
from binding sites on albumin. The effect of caffeine 
on the gastric absorption of nonabsorbable drugs such 
as sulfathiazole and p-aminobenzoic acid was studied 
in rabbits. While caffeine enhanced the gastric absorp- 


tion of p-aminobenzoic acid, it had no effect on the rate 
of absorption of sulfathiazole, probably because of the 
negligible complex this compound forms with it at 
gastric pH (1089). Similar studies involving the competi- 
tion between digitoxin and other drugs in their in- 
teraction with serum proteins were published (1090- 
1092). 


The affinity of certain drugs for plasma protein and 
the resulting effect of this binding on drug absorption 
were extensively studied. Jusko and Levy (1093) in- 
dicated that the interaction between riboflavin and 
albumin is nonionic, but that electrostatic forces con- 
tribute appreciably to  the binding of riboflavin-5- 
phosphate to albumin. Salicylates, when added to 
saliva, are bound to the saliva proteins to the extent of 
35-50% after a contact time of 0.5-2 hr. at 37" (1094). 
The partitioning of bishydroxycoumarin from rat 
plasma to an organic solvent phase was found to de- 
crease with increasing drug concentration to a minimum 
value and then to increase as the concentration was 
further increased. The same type of profile was ob- 
served in the partitioning of the drug from rat plasma to 
the liver, both in uitro and in uiuo. These results dem- 
onstrate the unusual concentration dependence of 
the plasma protein binding of bishydroxycoumarin, the 
pronounced effect of the binding on the distribution of 
the drug, and the effect of the distribution on elimination 
(1095). The markedly greater affinity of digitoxin than 
digoxin for serum albumin is reflected in the higher 
plasma concentrations, lower rate of urinary excretion, 
and longer half-time of digitoxin when the compounds 
are administered to man (1096). 


Additional studies describing the influence of physi- 
cochemical properties on drug absorption are pro- 
vided in Table XXVIII. 


Effects of Formulation-Schneller (1 144), in describing 
the hazard of therapeutic nonequivalency of drug 
products, cited published examples whereby a given 
chemical entity showed different blood levels depending 
on the dosage formulation. He concluded that every 
manufacturer, before distributing any new or modified 
product, should be obligated to perform tests which are 
appropriate and sufficient to  demonstrate the clinical 
safety and efficacy claimed for it. In the absence of such 
tests, it cannot be assumed that the product will prove 
clinically acceptable simply because an apparently 
identical product has already been marketed. Scham- 
berg's (1 145) review indicated that different drug formu- 
lations containing the same kinds and amounts of 
active ingredients may differ appreciably in their effect 
and cannot be considered therapeutically equivalent. 
In a similar vein, it was suggested that attempts be 
made to establish the therapeutic availability of dosage 
forms used in clinical trials and that outlined details of 
the formulations utilized be included in published re- 
ports of clinical comparisons of drugs (1146). Another 
review article described the importance of dissolution 
rates and the pitfalls of dissolution methods for chemi- 
cal substances as well as drug products (1147). The 
solubilities and absorption rates of the active com- 
pounds in pharmaceuticals are known to be affected by 
the technological factors of manufacturing (1 148). The 
fast, medium, and slow in uitro dissolution rates of three 
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Table XXVIII-Additional Studies of the Influence of 
Physicochemical Properties on Drug Absorption 


Ref- 
erence Topic 


1097 


1098 


1099 


1100 


1101 


1102 


1103 


1104 


1105 


1106 


1107 


1108 


1109 


1110 


1111 


1112 


1113 


1114 


1115 


1116 


1117 


1118 


1119 
1120 


1121 


1122 


1123 


1124 


Direct pH dependence of benactyzine absorption and 
lack of pH dependence of procaine amide ab- 
sorption from isolated rat ileum 


Charge density and superdelocalization: suggested 
relationship to partition coefficients and maximum 
biological response 


Extent of molecular interaction between carbazo- 
chrome or nitrotinamide and various other drugs; 
effect of the difference between the rate of absorp- 
tion of the drug and that of the complexing drug on 
the absorption of the complex 


Enhancement in absorption of certain drugs by com- 
plex formation 


Investigation of the relationship between the excretion 
ratio (saliva/blood level) of various sulfa drugs and 
their binding rate with plasma protein 


The low level of carbenicillin and its failure to in- 
fluence bactericidal activity 


Correlation between the absorption of barbituric acid 
derivatives from the small rat intestine and their 
binding to the mucosa 


Relationship between the lipid solubility, tissue bind- 
ing, and metabolism of xanthine derivatives and 
their passage into the brain and the cerebrospinal 
fluid 


The unchanged activity of phenylbutazone in the 
presence of serum and the sharp decrease in serum 
activity produced by indomethacin and deoxy- 
cholic acid 


Significant reduction of coronary dilational properties 
of dipyrimidole by binding to human plasma 


Increase in albumin concentration of promazine by 
binding to bovine serum albumin 


Antibiotic binding to albumin, as reflected by de- 
crease in activity in the presence of this protein 


Sex differences in binding of pentobarbital to plasma: 
the more extensive plasma binding capacity in the 
female than the male rat, despite similar fractions 
of drug bound in either sex 


Effect of structure and added electrolytes on the bind- 
ing of unconjugated and conjugated bile salt anions 
to cholestyramine 


Appreciable binding of betamethasone, dexametha- 
sone, and cortisol to cow, dog, and rat plasma pro- 
tein 


Report on the binding capacity of serum protein for 
cardiac glycosides, especially pengitoxin 


Binding of various tricyclic antidepressants to human 
plasma, and the effects of other drugs thereon 


Possible mechanism for the loose binding of iron to 
protein: a molecular bridge susceptible to irrevers- 
ible cleavage by EDTA-acetate buffer 


Optical methods of describing the interaction of 
phenylbutazone and its analog with human serum 
albumin 


Comprehensive table of number of sites and binding 
constants for complex formation between bovine 
serum albumin and aliphatic sulfates and sul- 
fonates, aromatic sulfonates, naphtholates, and 
phenolates, generalized as to the relationship be- 
tween ligand properties and free energy of binding 


Effect of pH on vitamin BIZ binding capacity of the 
intrinsic factor 


Effect of plasma binding of radioactive iodine phar- 
maceuticals on their renal clearance 


The binding of salicylates to serum proteins 
Effect of salicylate concentration on the binding to 


bovine serum albumin at pH 7.4 
Binding of taurinophenetidine to rabbit serum pro- 


tein in vivo and in vitro 
Possible inverse relationship between the number of 


albumin-bound molecules of salicylic acid and 
sulfanilamide and the molar concentration of the 
albumin 


Evidence to support the hypothesis that tryptamine 
and its relatives bind to nucleic acids mainly by 
intercalation, similar to the binding of LSD to 
DNA 


Inhibition of the proteolytic activity of trypsin by its 
binding to organic mercury compounds 


Table XXVIII-Continued 


Ref- 
erence Topic 


1125 


1126 


1127 


1128 


1129 


1130 


1131, 


1133 
1132 


1134 


1135 


1136 


1137 


1138 


1139 


140 


141 


142 


143 


Suggested existence of a hydrogen bond of the type 
0-H. . . S  in barium thiosulfate monohydrate and 
the importance of such a bond to the consideration 
of hydrogen bonding in biological systems 


Similarity of the in uitro transacetylation between 
aspirin and human albumin to that which occurs 
in viuo 


Linear relationship between the percent buccal ab- 
sorption and alkyl chain length of a series of p-n- 
alkyl phenylacetic acids 


Increase in antibacterial activity of fluorophenols 
with increase in the number of substituent fluorine 
atoms 


Relation between structure and antimicrobial ac- 
tivity of aminosteroids 


Steric parameters used to describe the structure- 
activity relationships for certain monoamine oxi- 
dase inhibitors and antihistamines 


Structureactivity relationships of sulfonamide car- 
bonic anhydrase inhibitors 


Quantification and prediction of the biological ac- 
tivity of meta- and para-substituted N-phenylsul- 
fanilamides by microbialkinetics 


Multiple-parameter approaches to structure-activity 
relationships 


Homolytic constants that give a better structure- 
activity correlation for chloramphenicol derivatives 
than either the usual Hammett constant or polar- 
izability constants 


The use of substituent constants and regression anal- 
ysis in the study of structure-activity relationships 


Comparison of the parameters currently used in the 
study of structure-activity relationships 


Increase in anti-inflammatory activity of a number of 
carboxylic acid derivatives of phenothiazine by 
substitution of an acetic group on the nucleus, 
particularly a t  Position 2 


Suggested essential dependence of partition coefficient 
and biological activity of substituted benzene 
derivatives on molecular electronic conditions 


Contribution of the phytyl side chain of dl-a-tocoph- 
erol to its biological activity in rabbits and its en- 
hancement by the presence of an intact 5-methyl 


Review of the significance and limitations of various 
biological drug parameters used for studying struc- 
ture-activity relationships 


Influence of a- and (3-methylation of the ethylenic 
group in the procaine molecule on its physical and 
chemical properties 


Relationship between chemical structure and activity 
in a series of halosubstituted 4-quinazolones 


grow 


sulfamethazine tablet formulations were correlated 
with the in viuo blood level data. A significant statistical 
difference existed for areas under the blood level curves 
and for maximum blood concentration of sulfametha- 
zine when the fast-dissolving formulation was compared 
with the slow-dissolving formulation (1 149). Using 
in vitro techniques, the penetration of 14C-labeled 
fluocinolone acetonide and its acetate ester through 
human skin at 37' was examined with vehicle mixtures 
of isopropanol and isopropyl myristate or propylene 
glycol. Little penetration was found with either of the 
nonvolatile solvents. As the formulation was changed to 
include increasing amounts of a volatile component, 
however, the penetration was increased up to 8 to 10 
times. Precipitation of steroid prevented greater in- 
creases (1 150). Results were presented which showed 
that two oral dosage forms of nitrofurantoin, micro- 
crystalline drug in a tablet and macrocrystalline drug in 
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Table XXIX-Additional Studies on the Effects of Formulation 
on Drug Availability 


Ref- 
erence Topic 


1158 


1159 


1160 


1161 


1162 


1163 


1164 


1165 


1166 


1167 


1168 


1169 


1170 


1171 


1172 


1173 


1174 


1175 


1176 


1177 


1178 


1179 


1180 


1181 
1182 


1183 


Correlation between in uitro release of labeled dex- 
amethasone from nonaqueous vehicles and its in 
uiuo penetration 


Addition of antacids to aspirin tablets as a method 
of reducing injury to the gastrointestinal mucosa 
by shortening the time of contact without simul- 
taneously increasing the area of contact with drug 


Prevention or significant reduction of aspirin-induced 
occult gastrointestinal blood loss by use of suf- 
ficiently buffered solutions 


Formulation factors affecting blood concentration of 
p-aminosalicylic acid 


Review of the adjuvant effects, particle size, and form 
of drug for optimum resorption 


Effect of vehicles on percutaneous absorption of fatty 
acid esters of pyridoxine: enzymatic hydrolysis 
during permeation through the skin as the rate- 
limiting process for percutaneous absorption of 
pyridoxine 3,4-dioctanoate 


Review of recent developments regarding the in- 
fluence of pharmaceutical formulations on thera- 
peutic effects 


Essentially equal availability of six generic and brand 
name formulations of isoniazid 


Superiority of nonionized to ionized species of drugs 
in absorption from degenerated intestinal mucosa, 
except those which participate in an ionic interac- 
tion with surfactants 


Unsuitability of the capsule dosage form of tri- 
amterene as an alternative to the tablet dosage form 


Intestinal absorption of heparin: facilitation by sul- 
fated or sulfonated surfactants 


Rectal absorption of pharmaceutical amines: enhance- 
ment with sodium lauryl sulfate and saccharinate 
anions 


Increased absorption of salicylic acid-polysorbate 
solutions by the frog, due apparently to complexa- 
tion and possibly to lowered surface tension 


Effect of nonionic surfactants on absorption of end- 
uracidin from muscle 


Polysorbate 80-induced increase in the solubility and 
the in uiuo absorption of an experimental com- 
pound, SKF 33134-A, in the rat: unsuitability of 
urinary excretion measurements for indicating the 
degree of absorption 


Sodium taurodeoxycholate and EDTA : different 
mechanisms of altering membrane structure and 
permeability in the rat, as shown by difference in 
transfer of salicylamide and salicylate across the 
everted small intestine 


Increase in permeability of the everted intestine to 
salicylate with increase in concentration of sur- 
factant, sodium taurodeoxycholate 


Evidence demonstrating that the absorption of 4- 
aminoantipyrine is increased in the presence of 
sodium taurodeoxycholate and involves a passive 
process whether the bile salt is present or not 


Increase in salicylic acid resorption with increasing 
concentration of surfactant from various types of 
ointment bases 


Lack of relationship between the concentration and 
solubility of hydrocortisone acetate in liquid ve- 
hicles and its availability to human excised skin, 
as shown by the effect of nonionic surface-active 
agents on its release 


Inferiority of a premarketed formulation of chloram- 
phenical (Amphicol) to chloramphenicol (Chloro- 
mycetin) in blood levels and urinary excretion 


Faster absorption of solutions of theophylline than 
equivalent amounts of the drug administered in 
capsules 


Liberation of active substances from soft gelatin 
capsules in vitro and in uiuo 


Importance of drug particle size to biological activity 
The occlusion potential of various ointment vehicles 


Absorption of drugs from various-type suppository 
on percutaneous absorption 


bases 


Table XXIX-Continued 


Ref- 
erence Topic 


1184 


1185 


1186 


Equivalent absorption of diazepam in capsule and 
tablet form 


Doubling the absorption of obidoxime from the rat 
intestine by use of 1 


Factors affecting drug transfer in the presence of 
macromolecules: viscosity as the principal factor 
in transfer of sodium carboxymethylcellulose and 
hydroxypropylcellulose, except in the presence of 
mucin, when drug interaction and interfacial tension 
also appear to be involved 


Effect of antacids on the in vitro and in uiuo absorption 
of ethionamide and prothionamide in various tablet 
and capsule dosage forms 


EDTA 


I187 


a capsule, were both well absorbed. However, differences 
were observed in the urinary recoveries and in the uri- 
nary excretion patterns between these dosage forms, 
which suggested a slower rate of absorption for the 
macrocrystals than for the microcrystals (1 15 1). The in 
uivo absorption and in uitro dissolution characteristics 
of a commercial suspension, a commercial tablet, and an 
experimental tablet formulation of salicylamide were 
compared. The absorption of this drug was shown to be 
dissolution rate-dependent, and the initial in vitro disso- 
lution rate in 0.1 N HC1 correlated well with the initial 
absorption rates of the test dosage forms in human sub- 
jects (1 152). Studies were undertaken to define the effects 
of the emulsion components on the absorption of hepa- 
rin, as measured by clearing factor activity, and to 
determine the optimum composition of the emulsion. 
Data suggested that heparin absorption is directly re- 
lated to, and may vary with, the particle size and total 
surface area of the oil droplets, but that the relation- 
ships presented may be unique for the particular sur- 
factant and oil chosen for study (1153). Low concen- 
trations of polysorbate 80 in the water significantly in- 
creased the absorption- and exsorption-rate constants of 
4-aminoantipyrine in goldfish. It was concluded that 
polysorbate 80 enhances the transfer of the drug by a 
direct effect on the biologic membranes and not by 
interacting with it (1 154). In an attempt to develop an 
oral dosage form of aminoxafen which would produce 
prolonged, stable plasma levels of total drug, an ar- 
bitrary set of in vitro dissolution conditions were chosen 
which correlated well with in uiuo absorption rates. A 
one-compartment open model was used to describe 
the system (1155). The enhanced absorption of dex- 
tromethorphan from trichloroacetate buffers appears 
to be due to the increased surface activity of the dex- 
tromethorphan rather than to ion-pair formation. How- 
ever, thiopental was more strongly absorbed from 
trichloroacetate solution than from physiologic sodium 
chloride solution, apparently because of the preferential 
binding of serum protein with trichloroacetate rather 
than thiopental, thus leaving more unbound thiopental 
available for absorption. Dialysis experiments showed 
the binding of 55 % of the thiopental to human albumin 
in the presence of physiologic phosphate buffer and only 
22 in the presence of trichloroacetate solution (1 156). 
The rate of dissolution of one investigational compound 
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Table XXX-Additional Studies on Absorption Control and 
Alteration 


Ref- 
erence Topic 


1193 


1194 
I195 
1196 


1197 


1198 


1199 


1200 


1201, 


1203 
1 202 


1204 


1205 


1206 


1207 


1208 


1209 


1210 


1211 
1212 


1213 


1214 


1215 


1216 


1217 


1218 
1219 


1220 


1221 


1222 


1223 


1224 


Method for estimating the biologic half-life of tetra- 
cyclines from steady-state serum level data plotted 
semilogarithmically against time 


Review of drug interactions 
Mechanisms of drug interactions 
The comparative pharmacodynamic activity of single 


and divided doses of benzphetamine hydrochloride 
Enhancement in activity of orally administered re- 


serpine-cholanic acid coprecipitates due to reduced 
particle size of reserpine in the coprecipitate 


Theories dealing with the mathematical interpretation 
of competitive actions of drugs on isolated tissues 


Method for estimating individual drug-dosage reg- 
imens 


Alternative approaches in the choice of experimental 
designs for estimating effective doses when there is 
some curvature in the doseresponse relationship 
but a linear approximation is still used 


Review of drug interactions according to therapeutic 
activity 


Block of renal tubular secretion of sulfinpyrazone by 
probenecid and its lack of significant influence on 
the ability of sulfinpyrazone to increase urate excre- 
tion 


Inhibition by dicoumarol of the intestinal absorption 
of D-glucose and its enhancement of the absorption 
of L-arabinose 


Increased rate of conversion of diphenylhydantoin to 
phydroxylphenylhydantoin in the liver as a possible 
reason for the increased rate of disappearance of 
i.v. doses after pretreatment with phenobarbital 


Alteration in metabolism and distribution of metho- 
trexate by neomycin and sulfathiazole so that excre- 
tion by the intestinal route is significantly enhanced 


Thyroxin-accelerated and insulin-delayed absorption 
of isoniazid from the gastrointestinal tract 


Effect on membrane of chymotrypsin permeability 
and binding to serum proteins in enhancing the 
absorption of penicillin G 


Chymotrypsin enhancement of tetracycline blood 
levels 


Heparin-induced increase in absorption of chlortetra- 
cycline 


Review of the biological reactions to drugs 
Reduction of the serum salicylate concentration of 


aspirin to 50% by administration of activated 
charcoal 


Relative in uitro absorption by activated charcoal of 
a wide variety of drugs found in the home 


Effect of drugs on the rate of disappearance of am- 
phetamine in rats 


Effect of simultaneous administration of other phar- 
maceuticals on the competitive inhibition of biliary 
excretion of antibiotics and sulfonamides 


The dog as an experimental model for studying in- 
teraction of drugs with bishydroxycoumarin 


Retardation of wound healing by oral or topical ad- 
ministration of sodium salicylate, prednisone, or 
hydrocortisone and its reversal by local application 
of retinoic acid 


Influence of cholestyramine on thyroxine absorption 
Effect of caffeine on the absorption of salicylic acid 


derivatives from the small intestine of the rat 
Review of various factors in the transfer of drugs 


across the placenta 
Determination of plasma salicylate levels after ad- 


ministration of acetylsalicylic acid and a combina- 
tion of acetylsalicylic acid with ascorbic acid, which 
greatly increases salicylate absorption 


Marked increase in renal excretion of the mono- 
methylated tricyclic antidepressants as sole clinical 
result of changing the acidity of the urine 


Possible difference in metabolism or excretion of 
warfarin and vitamin K ,  as suggested by the marked 
individual variation in ability to antagonize the 
anticoagulant effect after simultaneous administra- 
tion of both drugs 


Therapeutic importance of the ability of fatty acids 
and other drugs to interfere in the binding with 
albumin 


Table XXX-continued 


Ref- 
erence Topic 


1225 


1226 


A mathematical treatment of two-point attachment 
between drug and receptor site 


Possible role of phenylbutazone in masking the in- 
fluence of methandrostenolone on plasma levels of 
oxyphenbutazone by displacing the steroid from 
binding sites on plasma protein 


1227 Salicylate-induced release of L-tryptophan from its 
binding sites on human serum protein 


1228 Phenylbutazone displacement of sulphormethoxine 
from its protein binding site 


from tablet and capsule formulations could not be re- 
lated to its in uivo absorption in dogs. The rate of parti- 
tioning of the drug into organic solvents and its ab- 
sorption in goldfish and through human buccal mem- 
brane depended on the pH of the solution. Absorption 
was shown to increase with a decrease in the degree 
of ionization. In man, however, the dissociation con- 
stant and the elimination rate of the drug are such that 
high blood levels are unlikely to occur after oral ad- 
ministration (1 157). 


Additional studies of the effects of formulation on 
drug availability are provided in Table XXIX. 


Absorption Control and Alteration-The hypothesis 
that the formation of ion pairs and their transport 
across the lipid barrier are important mechanisms for 
drug absorption was examined, using a quaternary 
ammonium compound, isopropamide, as the cationic 
component and trichloroacetate as the anionic com- 
ponent of an ion pair. In vitro, ion pairing greatly in- 
creased organic solubility, while in mice, both the rate 
and the efficiency of oral absorption of isopropamide 
were increased when it was administered with an excess 
of trichloroacetate (1 188). The extent of metabolism of 
the (-) isomer of mandelic acid is not significantly al- 
tered in the presence of sulfadiazine, sulfamethazine, or 
sulfamerazine, and this fact was utilized to calculate the 
ratio of the rate constants of the overall elimination of 
mandelic acid in the presence and absence of the 
sulfa drugs, as a measure of their inhibitory effects 
on its urinary excretion. It was concluded that the 
three sulfonamides probably share the same renal 
tubular transport system for their secretions in humans 
( I  189). Chloramphenicol was shown to retard the bio- 
transformation of tolbutamide, diphenylhydantoin, 
and dicoumarol in man, resulting in an increase in the 
half-life values of these compounds in the blood after 
its adminstration. A case of chloramphenicol-induced 
hypoglycemic collapse in a tolbutamide-treated patient 
was reported (1 190). To design a dosage form, especially 
a sustained-release type, of amphetamine or other drugs 
which have an approximate 12-hr. half-life in blood 
and urine, it was recommended that blood studies be 
conducted to define the pharmacokinetic parameters 
necessary for calculating the initial and maintenance 
doses, and that excretion data be used mainly to con- 
firm the half-life of amphetamine beyond the levels 
which are conveniently measurable in the blood. Blood 
data are more meaningful, since urine levels of am- 
phetamines are highly sensitive to the urinary pH, re- 
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Table XXXI-Additional Studies on the Mechanism of 
Absorption 


Ref- 
erence 


~ 


Topic 


I240 


1241 


1242 


1243 


1244 


1245 


1246 


1247 


1248 


1249 
1250 


1251 


I252 


1253 


1254 


1255 


Dependency of molecular penetration of spore wall 
and consequent toxicity on compatibility between 
geometry and charge distribution of the molecule 
and that around the periphery of the hole in the 
wall 


Concentration and dissociation gradient between the 
aqueous phases of a three-phase system as de- 
cisive factors in the absorption and rate of dissolu- 
tion of drug 


Interfacial barriers in interphase transport: the re- 
tardation of the transport of diethylphthalateacross 
the hexadecane-water interface by an adsorbed 
gelatin film 


Solubility diffusion as the most likely mechanism of 
water permeation through lipid bilayer mem- 
branes 


Suggested model for describing the nonmediated 
transfer of nonelectrolytes in terms of diffusion in 
homogeneous networks 


Review of the mechanisms of absorption, distribution, 
and elimination of drugs, with reference to methods 
of modifying these mechanisms by inducing changes 
in acid-base balance 


Evidence indicating that salicylates retard wound 
healing by inhibiting mucopolysaccharides synthesis 


Passive diffusion mechanism for absorption of dex- 
tromethorphan from the rat’s stomach as a pro- 
tonated species 


Confirmation of absorption of S-benzoylthiamine 0- 
monophosphate into the blood after its dephos- 
phorylation at the mucosal surface of the intestine 


Review of phospholipid cell-membrane models 
Data presented to support the hypothesis that benzyl- 


penicillin is actively transported from the cere- 
brospinal fluid to the blood 


Review of the mechanisms by which cardiac glycosides 
are absorbed through the intestinal wall 


Rate of absorption of secobarbital in goldfish and the 
re!ationship between absorption-enhancing effect 
and surface tension (or concentration) and the 
type of surfactant used 


Three possible modes of interaction between mem- 
branes and surfactants incorporated into ointment 
bases: rupture of membrane, replacement of certain 
phospholipids present in the lipid micelles, and 
induction of configurational changes in the micelles 


Experimental results interpreted as an indication that 
permeability changes of nerve membranes are 
mediated by migration of hydrogen ions 


Suggested formation of a hydrogen-bonded complex 
between drug and acceptor group on the neural 
membrane as a mechanism in the action of local 
anesthetics 


sulting in kidney reabsorption changes and a conse- 
quent wide variation in urinary excretion rates. While 
control of pH compensates for the variation, it is im- 
practical for large-scale clinical studies (1 191). The 
ability of methocarbamol to potentiate aspirin or 
morphine might be due to the competition between it 
and aspirin or morphine for glucuronide formation, 
with consequent enhancement in the aspirin or mor- 
phine blood levels (1 192). 


Additional studies on absorption control and altera- 
tion are listed in Table XXX. 


Absorption Mechanism-A model was presented 
which can describe the overall transfer of a drug across 
biologic membranes in the presence of a complexing 
agent. This model was applied to  the transfer of salicyl- 
amide across a cannulated everted rat intestine in the 
presence of caffeine. The intestinal transfer rate constant 


of the salicylamide-caffeine complex was found to be 
considerably lower than that of salicylamide but es- 
sentially the same as that of caffeine (1229). Some 
fundamentals of micelle formation and of solubilization 
of water-insoluble substances through micelles were 
reviewed. The accelerating effect of micellization on 
rate of solubilization and of transport of solubilizate 
through bulk liquid was considered. Transport across 
the membrane is accelerated whether or not micelles are 
effective within it (1230). Wagner (123 1) presented 
equations to demonstrate the mechanism of gastro- 
intestinal absorption, with special attention to the per- 
meability coefficients for both ionized and nonionized 
species. The in uitro transfer of drugs from a buffered 
aqueous phase through a barrier consisting of a lipid 
liquid into another buffered aqueous phase was sug- 
gested as simulating the process involved in gastro- 
intestinal absorption, i.e., the partitioning of a drug 
between the gastrointestinal fluid and the lipoidal mem- 
brane and the plasma (1232). For studying the oil- 
water interface transport of drugs, a two-phase model 
was investigated. When the oil-water partition coeffi- 
cient is large, the transport is aqueous diffusion-con- 
trolled and the first-order behavior is followed in the 
aqueous phase with time. Deviation from first-order be- 
havior occurs when the partition coefficient is low, when 
the diffusion coefficient in the oil is low, when the dif- 
fusion coefficient in the aqueous phase is large, or when 
the thickness of the aqueous diffusion layer is small. 
These results may be useful in the design and interpreta- 
tion of both in uitro and in uiuo data on drug transport 
(1233). Similar investigations involving two-phase 
methods for investigation of the interphase transport 
of drugs were reported (1234, 1235). Wagner reviewed 
the transport of drugs through membranes and barriers 
other than the gastrointestinal tract, including buccal 
absorption as well as excretion by three different 
glands (1236). DMSO, in combination with sodium 
chloride, decreases skin electrical conductivity, probably 
by reducing skin resistance and facilitating the absorp- 
tion of the electrolyte simultaneously with its own ab- 
sorption (1237). With chlorpromazine, whatever the 
mechanism of absorption, the final therapeutic effect 
was shown to depend on the free radical form (1238). 
Using tritiated digoxin in rats, it was concluded that 
digoxin is absorbed by a passive nonsaturable transport 
process not dependent on metabolic energy (1239). 


Additional references on the mechanism of absorp- 
tion are provided in Table XXXI. 


Kinetic Studies-Wagner (1256) reviewed certain 
aspects of pharmacokinetics and biopharmaceutics in 
relation to drug activity, considering such factors as 
route of administration, dose and dosage regimen, 
absorption, distribution, metabolism and excretion, 
effects of disease, and drug-drug interactions. The dose- 
dependent elimination of bishydroxycoumarin, known 
to occur in man and monkeys, can also be observed 
with warfarin when sufficiently high doses of the latter 
are administered. This effect is not seen clinically, per- 
haps, because the therapeutic dose range of warfarin is 
much lower than that of bishydroxycoumarin. The re- 
sults suggest that the two coumarin anticoagulants are 
subject to  the same major biotransformation pathways 
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Table XXXII-Additional Studies on Pharmacokinetics Table XXXII-Continued 


Ref- 
erence Topic 


1270 Characterization of the kinetics of salicyluric acid 
formation from salicylate by considering the forma- 
tion process as the rate-limiting step in the excretion 
of salicyluric acid after salicylate administration 


Review of the relation between dosage forms, dosage 
regimens, and pharmacokinetics 


Description of a linear relationship between logarithm 


1271 


1272 
of warfarin concentration in the plasma at -a given 
time and the pharmacologic effect at that time, 
and the decline in pharmacologic effect at a constant 
rate following cessation of therapy 


1273 Calculation of the theoretical optimum dosage regi- 
men for antituberculosis drugs 


1274 Pharmacokinetics of large doses of penicillin 
1275, Pharmacokinetics of two sulfonamides in children 


during the 1st year of life 
1277 Pharmacokinetics of clindamycin 
1278 
1279 


1276 


1280 


1281 


1282 


1283 


1284 


1285 


1286 


1287 


1288 


1289 


1290 


1291 


1292 
I293 
1294 
1295 
1296 


I297 


I298 


1299 


1300 


1301 


1302 


Pharmacokinetics of streptokinase 
Pharmacokinetics of Fanasil (sulfaorthodimethoxine) 
Description of the kinetics of salicylic acid and the 


formation of gentisic acid, with the suggestion that 
the elimination of salicylic acid cannot be entirely 
described by first-order kinetics 


Toxicological, chemotherapeutic, and pharmaco- 
kinetic data for sulphormethoxine and other sul- 
fonamides in animals and man 


The kinetics of 2-propanol and acetone in dogs and 
rats 


Postulation that the dose-dependent disposition ki- 
netics of griseofulvin might be attributed to changes 
in the tissue distribution rather than to changes in 
the intrinsic metabolic activity 


Demonstration of the pharmacokinetics of 2-sulfanil- 
amido-3-methoxypyrazine in children, including 
the elimination, intestinal absorption, distribution, 
and dosage 


Review of the pharmacokinetics of antibiotics in 
animals 


An equation for turnover time of goldfish as a func- 
tion of concentration of ethanol, with a theoretical 
derivation based on a combination of occupation 
and rate-receptor theories 


Problems in data collection in analysis in human 
pharmacokinetics 


The value of the buccal absorption test for interpret- 
ing or predicting pharmacokinetic behavior of a 
drug such as imipramine and its metabolites 


Pharmacokinetics of peruvoside compared in man and 


Pharmacokinetics of ouabain, digitoxin, and peru- 


Metabolism and pharmacokinetics of rifampicin in 


Pharmacokinetics of kanamycin 
Kinetics of isoxazolylpenicillins 
Metabolism and pharmacokinetics of medazepam 
Review of pharmacokinetic principles 
Indications that computer analysis of pharmacokinetic 


data is a valuable and indispensable aid in the 
evaluation of experimental chemotherapy 


Some pharmacokinetic aspects of doxycycline metab- 
olism in man 


A simple dilution analog computer for simulation of 
drug distribution processes: its uses in teaching 
and visualizing tandem first-order reactions, such 
as pharmacokinetic models 


Suggestion that linear models, used for compart- 
mental analysis, can also be employed to study inter- 
actions between drugs and their receptors and to 
evaluate the kinetics of the pharmacologic re- 
sponse 


Employment of a digital computer for solution of 
pharmacological problems involving nonfirst-order 
models of drug metabolism 


Employment of a digital computer for statistical 
treatment of the data on a two-compartment model 
of the disappearance of ethoxybenzamide from 
plasma 


Use of apparent rate constants obtained by analog 
computer analysis of plasma and dialysate curves 


dog 


voside in the guinea pig 


animals and humans 


Ref- 
erence Topic 


to compare a variety of compounds for their effect 
on the peritoneal dialysis of salicylate 


1303 Description of dose-dependent effects in pharma- 
cokinetics, indicating that studies should be done 
at more than one dose level, since neither humans 
nor animals have unlimited capacity to metabolize 
drugs 


(1257). A model was presented which can be used to 
obtain the pharmacokinetic parameters of the two- 
compartment open system of drugs which are too 
poorly soluble or too irritating to be adminstered by rapid 
intravenous injection. Experimentally, the method in- 
volves administering the drug by a constant-rate intra- 
venous infusion until the attainment of infusion equilib- 
rium, and determining the plasma concentrations of 
drug in the postinfusion period. The approach was ap- 
plied to literature data and resulted in the evaluation 
of the two-compartment pharmacokinetics of oxacillin 
(1258). The apparent volume of distribution at  the 
steady state in a two-compartment open system cannot 
be used to relate the drug concentration in the piasma 
to the amount of drug in the body, except at the one 
point in time when the rate of change of the amount of 
drug in the peripheral compartment is zero. A new con- 
cept of apparent volume of distribution, introduced for 
the pharmacokinetic analysis of the three-compart- 
ment open system, was applied to the two-compart- 
ment open system (1259). A graphic method was 
described for estimating the absorption half-life from the 
time of the peak level following the extravascular ad- 
ministration of a drug. The method is useful for drug 
products having absorption rates five or more times 
faster than their elimination rates (1 260). The pharma- 
cokinetics of drug distribution was evaluated for two 
types of drug administration-uiz., constant-rate in- 
travenous infusion and instantaneous intravenous in- 
jection. Both modes of administration eventually result 
in a constant tissue compartment-central compartment 
distribution ratio of drug. However, the distribution 
ratios are not equivalent at  pseudodistribution equilib- 
rium and at infusion equilibrium. Consequently, at 
equivalent plasma concentrations, more drug will be in 
the tissue compartment during pseudodistribution 
equilibrium than during infusion equilibrium, although 
the total amount which will enter the tissue compart- 
ment is independent of the mode of administration. 
These findings may have important implications for 
drug distribution studies and with respect to the relative 
effectiveness of continuous and intermittent drug ad- 
ministration (1261). The pharmacokinetic analysis of 
drug concentration in the plasma uersus time data, 
achieved by use of multicompartment models, made it 
possible not only to examine the relationship between 
drug concentration in the plasma and the intensity of 
the pharmacologic effect, but also to  assess the re- 
lationship between pharmacologic effects at  the relative 
drug levels in other apparent compartments of the body 
(1262). A three-compartment open system was pro- 
posed to  explain the influence of route of administration 
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on the area under the plasma concentration-time curve. 
Computer analysis of the model, using estimated phar- 
macokinetic parameters, provided a successful predic- 
tion of the relative area under the plasma concentra- 
tion-time curves after oral and intravenous administra- 
tion of aspirin in man. After intravenous administra- 
tion, the proposed model yielded a curve which may be 
described adequately by a biexponential equation 
(1263). Gladtke (1264) determined the elimination 
half-life of phenylbutazone after intravenous admin- 
istration in children to be 21 hr. After oral administra- 
tion, 8 5 %  of the dose entered the blood within 8 hr. 
In patients with liver disease, the half-life of mepro- 
bamate in the blood was shown to increase to 24.3 hr. 
from the 12.6 hr. observed in the normal patient. In drug 
addicts it was lowered to 4.5 hr. (1265). Benet and Ron- 
feld (1 266) reviewed the use of different types of volume 
terms in pharmacokinetic equations. Amsel and Levy 
(1267), in a pharmacokinetic study of the simultaneous 
conjugation of benzoic and salicylic acids with glycine, 
found that in man the availability of glycine is rate- 
limited by the formation of hippuric acid but not of 
salicylic acid. Apparently the inhibitory effect of benzoic 
acid on the formation of salicylic acid is not due to 
competition for glycine but involves another phase in 
the biotransformation process. In a study describing the 
pharmacokinetics of sulfonamides in patients with 
cirrhosis of the liver, it was noted that the half-life of 
sulfamethoxypyridazine was not sufficiently different 
from the control, while the half-life of sulfadimethoxine 
was significantly diminished as a result of the increased 
binding of the drug by plasma proteins (1268). Data 
generated with a two-compartment open model were 
analyzed according to the one-compartment open 
model, in an attempt to use single-dose blood level data 
to predict blood levels after multiple doses (1269). 


Additional studies on pharmacokinetics are listed in 
Table XXXII. 


Drug Absorption-Using a model consisting of a 
thermostated upper and lower chamber fabricated 
from methyl methacrylate and having various mem- 
branes sandwiched between the chambers, Aguiar and 
Weiner (1304) showed the effect of varying the concen- 
tration of surfactants and of propylene glycol on the 
permeation of chloramphenicol through the barriers. 
The authors measured the activation energies for 
permeation and diffusion of this drug through a filter 
membrane saturated with peanut oil and also those for 
its permeation through hairless mice skins, at the same 
time obtaining an estimation of the partition coeffi- 
cients. The law of corresponding areas was used to 
assess the percent absorption of a drug, by comparing 
the relative areas under the plasma concentration- 
time curves after oral and intravenous administration. 
If any metabolism occurred in the gut wall or liver, the 
areas under the curves would not be similar. This was 
verified using aspirin in dogs (1305). Chiou (1306) 
concluded that it is almost impossible to obtain an 
empty stomach in the rabbit by fasting the animal, since 
the fasting state markedly prolongs the stomach empty- 
ing time; thus the rabbit is not a useful animal in which 
to study drug absorption. A method was reported for 
studying in situ the gastrointestinal absorption of drugs 


Table XXXIIl-Additional Studies on Drug Absorption 


Ref- 
erence Topic 


1313 


1314 


1315 


1316 


1317 


1318 


1319 


1320 


1321 
1322 


1323 


1324 


1325 


1326 


1327 


1328 


1329 
1330 


1331 


1332 


1333 


1334 


1335 


1336 


1337 
1338 


Review of percutaneous absorption of medicinal 
agents 


A new method for calculating ionophoretic per- 
meability of the skin 


Decrease in sweating ability of the skin as cause of a 
decrease in blanching and presumably a decrease in 
percutaneous absorption of steroid 


Occurrence of percutaneous absorption of steroids 
and other large molecules uiu appendages and 
through the unbroken stratum corneum 


Relative magnitude of percutaneous absorption of 
various l*C-labeled steroids as shown by measuring 
urinary excretion 


Review of the cutaneous penetration of dimethyl sul- 
foxide 


Effect of skin conditions on susceptibility of topical 
tolnaftate penetration 


Demonstration that an increase in the perfusion flow 
rate significantly increases the penetration rate of 
some compounds, suggesting that data obtained 
in uirro may be more meaningful when ideal flow 
rates are determined and validated with in uiDo 
data 


Effect of essential oils on drug absorption 
Review of the mathematical treatments used to de- 


scribe the various parameters involved in drug ab- 
sorption 


Review of drug schedules and drug combinations as 
factors influencing absorption and efficacy 


Review of the relationship between receptor structure 
and pharmacological activity 


Comparability of doxycycline plasma concentrations 
achieved orally and after i.v. injection in man 


Intestinal absorption of six tritium-labeled digitalis 
glycosides 


Intestinal absorption of cardiac glycosides in uitro 
and in Giuo 


Significantly higher serum and urine levels obtained 
with oxolinic acid when administered with food 


Absorption of pyrazinamide in man 
Correlation of the analgesic effect of aspirin with the 


blood concentration of salicylic acid, suggesting 
that aspirin probably exerts its effect through its 
hydrolytic product, salicylic acid 


Demonstration that isonicotinic acid derivatives are 
absorbed from the skeletal muscle of the rat, their 
absorption being proportional to the amounts 
remaining at the injection site and to both their 
molecular weights and partition coefficients 


Gastrointestinal absorption of 2-pyridine aldoxime 
methiodide and its derivatives 


Blood levels of 2-pyridine aldoxime methochloride 
and symptoms in humans after single and multiple 
oral doses 


Relative absorption of tetracycline and penicillin G 
after rectal and oral administration in aqueous solu- 
tion 


Independence of the absorption of guanidine and the 
dose used for clinical control of hypertension 


Use of a quaternary ammonium dye to describe bio- 
chemical and morphological correlations of in- 
testinal absorption 


Colonic absorption of thiamine 
Influence of blood flow on the absorption of drugs 


from the jejunum of the rat 


from isolated gut segments of the anesthetized rat. 
Disappearance of the drugs from the lumen of the small 
intestine followed apparent first-order kinetics. How- 
ever, the observed absorption rates were much faster 
than those normally observed in in situ intestinal prepa- 
rations (1307). The effects of fasting on the intestinal 
absorption profiles of salicylic acid, barbital, halo- 
peridol, and chlorpromazine were studied in anes- 
thetized rats. The in situ technique employed in the 
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study yielded absorption rate constants which were 
realistic and comparable to those observed following 
oral drug administration. Although apparent deviation 
in absorption patterns occurred when fasting periods 
were less than 20 hr., with longer periods the absorption 
rates were found to decrease significantly, the decrease 
being dependent on the duration of the fasting period. 
The unusual drug absorption patterns noted in these 
studies might be accounted for by one or more of the 
various physiological and/or biochemical changes 
which occur within an organism subjected to conditions 
of prolonged fasting (1 308). When prolonged admin- 
istration of salicylates in amounts comparable to those 
used in acute rheumatic fever was used, plasma sali- 
cylurate formation occurred at  an essentially constant 
rate practically independent of the amount of salicylate 
in the body, thus demonstrating the capacity-limited 
formation of salicylurate during the prolonged ad- 
ministration of aspirin (1309). The decline in plasma 
concentration of dextroamphetamine was more rapid 
under controlled acidic conditions than under condi- 
tions of fluctuating urinary pH. The apparent rate of 
urinary excretion of amphetamine was proportional to  
its plasma concentration only under controlled acidic 
urinary conditions. Under acid conditions, amphet- 
amine was cleared from blood more rapidly than could 
be accounted for by glomerular filtration, but when 
urinary pH fluctuated, its clearance could be accounted 
for by this route (1310). By using crystalline folic acid 
to study intestinal absorption in rats, it was noted that 
when increasing doses are introduced into the jejunum 
the percent of drug absorption decreases, suggesting an 
active transport mechanism. Absorption from the 
ileum remains constant with increasing dose, suggesting 
passive diffusion (1 31 1). Comparative urinary excretion 
studies after the oral administration of 4’-chloro-2- 
ethylaminopropiophenone in a sustained-release form 
and in single or divided doses indicated that when 
kidney tubular reabsorption is minimized, the biological 
availability of the drug can be followed by examining 
the excretion of either the unchanged drug or the me- 
tabolites that quickly and directly form from the ad- 
ministered drug (1 3 12). 


Additional references on drug absorption are pro- 
vided in Table XXXIII. 
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Intestinal Drug Absorption and Metabolism 11: Kinetic 
Aspects of Intestinal Glucuronide Conjugation 


WILLIAM H. BARR* and S. RIEGELMANt 


Abstract 0 Mechanisms of intestinal salicylamide glucuronide 
formation and transport were studied in the rabbit with in uitro 
cannulated everted intestines and in uiuo perfused and closed loops 
with complete mesenteric venous blood collection. Both experi- 
mental techniques indicate that glucuronide formation is capacity 
limited when the lumen concentration exceeds 1 0 - 3  M. The glu- 
curonide-to-free drug ratio appearing in mesenteric blood (in uiuo) 
and serosal fluid (in uitro) decreases with increasing lumen concentra- 
tions. Appearance of glucuronide across the basal barrier is lim- 
ited by the transport step rather than the rate of glucuronide syn- 
thesis leading to accumulation of glucuronide in the tissue com- 
partment. Transport of glucuronide appears to be a simple first- 
order diffusion process into the lumen contents as well as the mesen- 
teric blood. Some implications of these findings in pharmacokinetic 
studies and dosage form design are discussed. 


Keyphrases Drug absorption, metabolism-intestinal Sal- 
icylamide glucuronide formation, transport-intestinal 0 Everted 
intestinal sacs-experimental technique 0 Intestinal loop-in 
viuo experimental technique 0 Conjugation, intestinal-salicyl- 
amide, glucuronic acid 


The absorbing columnar cell of the intestine appears 
to be equipped with a wide variety of enzyme systems 
capable of metabolizing drugs. It has been shown as 
early as 1952 that in uitro intestinal slices can conjugate 
phenolic drugs with glucuronic acid (1). Glucuronide 
formation in the intestine has been shown in uitro for a 
large number of compounds including salicylic acid, 
salicylamide, anthranilic acid, thyroxine analogs, p-ni- 
trophenol, o-aminophenol, testosterone derivatives, and 
estrogens (1-6). Sulfate conjugation also occurs in 
intestinal slices (8, 9). Recently, Hartiala et al. have 
shown that intestinal acetylation of sulfonamides can 
occur in uitro (10) and the work of Tapley et al. (6,7, 11) 
indicates that reduction, hydroxylation, and oxidation 
of steroids can also take place in the intestinal mucosa. 


The extent to which these metabolic transformations 
can affect the physiologic availability of an orally ad- 
ministered drug in viuo is almost completely unknown. 
Some information on this point has been recently ob- 
tained by use of a technique which allows complete 
collection of all mesenteric blood draining the absorp- 
tion site of an intestinal loop. It has been shown by 
this method that an appreciable amount of salicylamide 
is absorbed in uiuo as the grucuronide (12). That work 
also indicated that the appearance of the salicylamide 
glucuronide in the plasma was diffusion limited rather 
than blood flow limited and that the system could be 
saturated, giving capacity-limited (pseudo-zero-order) 
kinetics for the appearance of glucuronide in the plasma. 


It is the purpose of this report to present further in- 
formation on the manner in which intestinal metabolism 
may affect the in uiuo absorption process using glu- 
curonic acid conjugation of salicylamide as a model. 


The mechanism of glucuronide synthesis and trans- 


port may be considered from the standpoint of the 
previously proposed cell compartment model (12) : 


where Fl,Fz,F3 represent the amount of free drug in the 
lumen, tissue, and plasma (or serosal fluid in uirvo), re- 
spectively; Gl,G2,G3 represent the amounts of glu- 
curonide in the lumen, cell, and plasma (or serosal fluid in 
uitro), respectively; k,, represents the rate constant 
for amount of free drug transferred from Compartment 
m to Compartment n. For example, k23 is the rate con- 
stant for transfer from Compartment 2 (the tissue) 
to the plasma or serosal fluid (Compartment 3); 
kmnG represents the rate constant for the transfer of 
amount of glucuronide from Compartment m to Com- 
partment n; k,, represents the rate constant for the 
metabolism of amount of free drug to glucuronide; 
a! and p refer to the apical and basal barriers, re- 
spectively. 


EXPERIMENTAL 


The methods used in this study are the same as used in the pre- 
vious report in this series (12). Free salicylamide was determined by 
extraction into a 1,2-dichloroethane-cyclohexane mixture (65 : 35) 
from which it is reextracted into 0.2 N sodium hydroxide solution. 
The basic solution is read directly in an Aminco-Bowman spectro- 
photofluorometer at excitation and emission wavelengths of 350 
and 430 mp, respectively (uncorrected). Salicylamide glucuronide is 
determined as the total salicylamide after hydrolysis with bacterial 
8-glucuronidase less the free salicylamide. 


All intestinal studies were done with the midileal portion of the 
intestine from male New Zealand rabbits weighing between 2.0 
and 2.5 kg. Everted intestinal sacs for fixed time and kinetic studies 
were prepared as before (12) and oxygenated by an OrCOz (95:5) 
gas mixture bubbled directly into Krebs-Ringer bicarbonate mu- 
cosal fluid. 


The in uiuo preparation with complete venous collection was 
prepared by cannulating the mesenteric vein serving the intestinal 
loop which was either open and perfused or closed containing solu- 
tions of salicylamide in Krebs-Ringer bicarbonate solution (12). 


RESULTS 


Capacity-Limited Glucuronide Appearance-If metabolism in 
the cell follows first-order kinetics, the ratio of free drug to me- 
tabolized drug appearing in the plasma (in uiuo) or serosal fluid (in 
vitro) should be constant and independent of the initial dose or 
mucosal concentration It can be shown by both in uitro and in 
uiuo experimental techniques that theglucuronide-to-free drug ratio is 
not constant and that the appearance of glucuronide in plasma is 
capacity limited. 


Figures l a  and lb  illustrate the cumulative amounts of glucuro- 
nide and free drug appearing in the serosal fluid in everted intes- 


164 0 Journal of Pharmaceutical Sciences 







tines containing mucosal concentrations of and 10-3 M of 
salicylamide, respectively. When the mucosal concentration 
is low (lo-* M), the amount and rate of glucuronide appear- 
ing in the serosal fluid exceed the free drug. When a higher 
mucosal concentration is used M),  the glucuronide exhibits 
the same prolonged lag time but the rate and amount of glucuro- 
nide appearing in the serosal fluid are always less than that of the 
free drug. 


Figure 2 illustrates the cumulative amounts of glucuronide ap- 
pearing in the plasma in the in vivo intestinal loops with complete 
venous collection perfused with low3, and Msalicylamide. 
The rates of appearance of glucuronide in the plasma as measured 
by the slope of the cumulative amount-time curve (or the cumula- 
tive amounts of glucuronide after 60 min.) do not differ greatly' 
even though the mucosal concentration varies over a hundredfold 


1 
10 30 60 


MINUTES 
Figure la-The cumulative amount of free drug (0) and glucuronide 
(0) in the serosal fluid of the cannulated in vitro everted intestine 
with an initial mucosalconcentration of M SAM. 


MINUTES 
Figure 1 L T h e  cumulative amoiinf of free drug (0) and glucuronide 
(a) in the serosal fluid of the cannulated in vitro everted intestine 
with an initial mucosal concentration of I t 3  M SAM. Bars indicate 
the range of two experiments. 


1 It is difficult to exactly standardize the length of intestine and con- 
trol the mean rate of blood flow in different experiments which causes 
some variation in the total amount of metabolite recovered in a set 
time. This is the probable explanation for the lower amounts of glu- 
cnronide obtained with 10-2 M perfusion shown in Fig. 2 rather than 
inhibition of glucuronide formation at higher concentrations of salicyl- 
amide. 
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Figure 2-Cumulative amounts of glucuronide appearing in the 
mesenteric blood in the in vivo preparation perfused with M 
(O), 10-8 M (M), and I&¶ M (A) SAM. Broken lines show the 
range of amounts of free drug appearing in mesenteric blood perfused 
with M (lower broken line) and IWa M (upper broken line) 
solutions ofSAM. 


range. The amounts of free drug appearing in the plasma, shown by 
the dotted lines for comparison, do show great variations in the 
slope as would be expected. These points are also illustrated by Fig. 
3 which shows the mean rates of appearance in plasma for free 
drug and glucuronide as a function of the perfusion concentra- 
tion. These data provide evidence that appearance of glucuronide 
in the plasma or serosal fluid is capacity limited in both in citro and 
in uiuo experimental situations. Figure 4 compares the glucuronide- 
to-free drug ratio after 1 hr. in the plasma for the in viuo procedure 
and the serosal fluid for the in uitro procedure. The paralie1 lines 
suggest that the in vitro everted intestines serve well to characterize 
the glucuronide-to-free drug ratio that might be observed in uico. 


Implications of a Capacity-Limited System-The data obtained 
from different experimental procedures, both in vitro and in uivo, 
clearly indicate that the appearance of glucuronide in serosal fluid 


T 


1 
10-4 10-8 lo-' 


MOLAR CONCN. OF PERFUSATE 


Figure 3-Comparison of mean rates of appearance in mesenteric 
blood of free drug (0) and glucuronide (M) obtained with in vivo 
preparationsperfused with I&', 1 0 - 8 ,  and M solutions of SAM. 
Each point represents the mean mte of a separate experiment. Bars 
represent the range of rates for each separate experiment. 
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lo-' 10-3 10-2 
INITIAL MUCOSAL OR LUMEN FLUID MOLAR CONCN. 


Figure 4-Illustrates the ratios of the cumulative amounts of glucuro- 
nide to the cumulative amounts of free drug (Gso/FeO) uppearing in the 
plasma afrer I hr. in the in vivo preparation perfused wiih lo-=, 10-3, 
and M SAM (a) and the glucuronide-to-free drug ratio in the 
serosalfluid of the in vitro everted intestine with initial mucosal fluid 
concentrations of 1 0 - 2 ,  1W3, and M S A M  (0). Burs indicate 
the range of two experiments. 


or plasma is independent of the concentration of free drug in the 
lumen compartment at lumen concentrations greater than 10-8 
M. 


There are several possible physiologic mechanisms that might be 
postulated to account for this zero-order kinetic behavior. The 
two most likely possibilities are either capacity-limited glucuronide 
formation or capacity-limited transport of glucuronide out of the 
cell. The formation of glucuronide could be rate limiting if the 
amount of enzyme, glucuronyl transferase, responsible for coupling 
UDP-glucuronic acid and the phenol is limited. It is also possible 
that the amount of the cofactor, UDP-glucuronic acid, is limited 
due to small amounts present in the cell because of a slow rate of 
synthesis by the DPN-dependent oxidation of UDP-glucose or 
rapid breakdown by UDP-glucuronic acid pyrophosphatase (4). 


The alternate possibility is that the transport of the polar glu- 
curonide out of the cell is capacity limited. This would imply that 
some sort of carrier transport mechanism or active transport is 
swamped at high cellular concentrations of the glucuronide. 


Appearance of Glucuronide in Lumen-Because of the extra 
diffusion barriers of the submucosal and muscularis layers on the 
basal side of the in vitro everted intestine, it might be expected that 
greater amounts of glucuronide would diffuse into the mucosal 
fluid than the serosal fluid if passive diffusion was the limiting factor 
of glucuronide transport. Representative data presented in Table I, 
which compares the amounts of glucuronide in mucosal fluid and 
serosal fluid after 1-hr. incubation, show that this is indeed the case. 
The amount of glucuronide in mucosal fluid is from 2 to 5 times 
greater than that in the serosal fluid. The relative permeabilities 
of the mucosal barrier and serosal barrier obtained from the in 
vitro everted intestine are probably not representative of the relative 
permeabilities of the mucosal and plasma barriers in the normal 
in vivo absorption process where the drug does not traverse the 
submucosal and muscularis layers. The fact that significant amounts 
of glucuronide formed in the cell actually appear in the lumen may 
be indicative of the in uivo process, which would be of 
considerable importance. If this phenomenon occurs in the normal 
absorption process, a reduction in the net amount of drug absorbed 
would occur since the drug present as the polar glucuronide is not 


Table I-Comparison of Amounts of SAM Glucuronide 
Appearing in the Mucosal and Serosal Fluid of 
Everted Intestines after 1-hr. Incubation at 37" 


Amount Amount 
Mucosal (mCg.1 in (mcg.1 in 
Concen- Serosal Mucosal 


Initial 


Ratio 
No. tration Fluid Fluid 


1 M 36.3 151 .o 0.24 
2 1 0 - 4  M 29.8  50 .3  0 .59  - 
3 1 0 - 4  M 28.5 168.0 0.17 
4 10-3 M 49.1 156.0 0.31 
5 1 0 - 3  M 25.1 133.0 0 .19  


absorbed unless hydrolyzed (3, 13, 14). These considerations 
prompted the following studies to determine the relative amounts 
of glucuronide which appear in the lumen fluid in uioo. 
In Vivo Lumen-Plasma Glucuronide Ratios-To obtain an indica- 


tion of the amount of lumen glucuronide and the relative permea- 
bilities of the apical and basal barriers in uiuo, the cannulaled prep- 
aration with complete venous collection was employed. There 
are certain difficulties in obtaining true in vioo glucuronide ratios 
even with this preparation. First, hydrolysis of the glucuronide in 
mucosal fluid and possibly in the plasma complicates quantitation 
of the true total amount of glucuronide delivered to each fluid. 
Second, the concentration of glucuronide in the blood depends 
on the distribution ratio between plasma and red blood cells 
which is not known. Salicylamide (free) is equally distributed 
between the erythrocytes and plasma. It is assumed, on the basis 
of its low permeability to other cells, that the glucuronide does not 
enter the erythrocyte. 


The concentration of the glucuronide in the lumen fluid cannot be 
accurately determined by the difference assay when the ratio of 
free drug to glucuronide is greater than 100. For this reason, it proved 
impractical to use a perfused intestine which maintains high con- 
centrations of free drug. Closed loops were therefore used, and the 
cumulative amount of glucuronide in the mucosal fluid was ob- 
tained by multiplying the concentration by the fixed fluid volume. 
The cumulative amount of glucuronide in the blood was estimated 
by multiplying the volume of plasma collected by the concentra- 
tion of glucuronide in the plasma, assuming that no glucuronide 
was present in the erythrocytes. The amount of free drug in the blood 
was obtained by multiplying the plasma concentration by the 
total blood volume as the free drug was found to be equally dis- 
tributed between the plasma and erythrocytes. The cumulative 
amounts of glucuronide appearing in lumen fluid and plasma are 
shown in Fig. 5. It is seen that the amount of glucuronide in the 
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Figure 5-Cumulaiive umounts of free drug in blood (0), glucuronide 
in blood (O), and glucuronide in lumen fluid (a) of a closed loop in in 
vivopreparation containing IQ ml. of M salicylamide in Krebs- 
Ringer bicarbonate solution. 


166 0 Journal of Pharmaceutical Sciences 







mucosal fluid is significant but does not exceed the amount in the 
plasma. The ratio of plasma glucuronide to lumen glucuronide is 
from 3 to 5. 


The occurrence of glucuronide in the lumen in the in uioo can- 
nulated loop gives reasonable evidence that significant amounts of 
drug metabolites may be expected to be found in lumen during the 
normal absorption process in the intact animal. This may be an 
important consideration in explaining the presence of some drug 
metabolites in the lumen which has previously been assumed to be a 
consequence of enterohepatic cycling and biliary secretion. 


It must be realized, however, that some mucosal glucuronide may 
be a result of mucosal cell disruption either as a result of experi- 
mental manipulation or the normal sloughing of intestinal mucosa. 
The latter process occurs to a high degree in normal intestinal func- 
tion. The normal turnover time of intestinal epithelium is quite 
rapid (15). 


Relative Rates of Glucuronide Synthesis and Transport-The 
cumulative amounts appearing in the plasma of free drug and glu- 
curonide shown in Fig. 5 show that glucuronide is still appearing 
in the plasma while free drug is approaching an asymptote. This 
suggests that accumulation of glucuronide in the cell is occurring, 
which would indicate that the rate of synthesis of the glucuronide 
is greater than subsequent transport out of the cell ( ~ F G  >> ktIG, 
k ~ ' ) .  Accumulation of glucuronide in the cell compartment is also 
suggested for in oitro intestinal preparations by the cumulative 
amounts appearing in the serosal fluid of the in uitro everted sacs 
shown in  Fig. 1 and the data given by Herz et a/. (5 ) .  


Further evidence for accumulation of metabolite in the cell, 
in oico, can be obtained by comparing the rates of appearance in 
plasma of free drug and glucuronide as shown in Fig. 6. Several 
facts from this curve support the conclusion that the rate of glu- 
curonide transport out of the cell rather than the rate of metabolism 
in the cell is the rate-limiting step for the appearance of glucuronide 
in the plasma. First, the linear terminal portions of the curve for 
both free drug and glucuronide indicate that exit from the cell is first- 
order and therefore proportional to the concentration in the cell. 
At time 60 min., the amount of free drug in the cell has dropped to 
1 /100th  of its original concentration. The concentration of glu- 
curonide in the cell at this time, however, is still quite high even 
though most of the free drug in the cell is gone. Second,if metabolism 
was the only rate-limiting step, the precursor-successor relation- 
ship (16) would predict that the precursor free drug curve should in- 
tersect the peak of the successor glucuronide curve and both curves 
would then decline with parallel slopes. The delay in the glucuronide 
peak requires an additional rate-limiting step in the model. The 
increase in the slope of the glucuronide curve compared to the slope 
of the free drug then reflects the slower diffusion step out of the 
cell for the glucuronide. 


Active or Passive Transport of Glucuronid+The data presented 
in previous sections do not require an active transport process for 
the glucuronide. All data seem adequately explicable by rapid 
first-order or zero-order cellular glucuronide formation followed 
by a slow diffusion process proportional to the amount of glucuro- 
nide in the cell. This does not rule out an active transport system 
entirely. If such a process was present but saturated at low 
levels, the result would be a simultaneous mixed zero-order- 
first-order process, which at high concentrations of glucuronide in 
the cell would give the appearance of an apparent first-order process. 
Further work is necessary to determine the mechanisms involved 
i n  the transport of glucuronide out of the cell. 


DISCUSSION 


If the results of these studies on intestinal glucuronide formation 
and absorption of salicylamide in rabbits apply to man, there would 
be several important pharmaceutical and clinical implications to be 
considered. There are reasons to believe that these results may, in 
fact, be applicable to man. It has been shown that in uitro human 
intestinal slices produce comparable amounts of salicylic acid 
glucuronide to that formed by rabbit intestine (3). It has also been 
shown in cico that human intestine forms steroid glucuronides (17). 
Analysis of the kinetics of glucuronide formation following oral 
doses of salicylamide in man suggests that intestinal metabolism 
may be a factor in the low plasma levels of free drug obtained after 
oral administration, even though absorption appears to be com- 
plete. Furthermore, as in rabbits, the process appears to be ca- 
pacity limited at higher doses ( 1  8). 
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Figure &-Comparison of the rates of appearance in plasma of free 
drug (0) and glucuronide (0) in a closed loop in vivo preparation. 
These data are from the same experiment shown in Fig. 5.  


The extrapolation of this work to  man offers many interesting 
implications. 


(1) Intestinal metabolism may offer an alternate explanation for 
many drugs which are said to be poorly absorbed. Drug assays 
involving extraction into organic solvents measure only free drug 
and may not detect the amount of drug absorbed as the polar 
metabolite. Several phenolic compounds are said to be poorly 
absorbed orally while their o-methylated or dehydroxy congeners 
are well absorbed, e.g., morphine, phenylephrine, and isoproterenol. 
Decreased or erratic therapeutic effects following oral doses may be a 
consequence of intestinal metabolic inactivation rather than de- 
creased absorption. 


( 2 )  Drug assays which measure only total drug in the plasma may 
also be inadequate to characterize the absorption process of free 
drug when intestinal metabolism is significant. The apparent rate 
constant of absorption as measured by total drug in the plasma 
will be decreased and the peak time delayed due to the slower dif- 
fusion of the metabolite (i.e.,  Fig. 5 ) .  


( 3 )  The fact that appreciable amounts of metabolite are released 
from the cell back into the intestine may also affect the rate and 
extent of absorption. A cycling process may occur in which the 
drug is absorbed and partially metabolized in the cell. A fraction 
of the metabolite is released back into the lumen where it is non- 
absorbable unless it is hydrolyzed to the free drug by bacterial and 
endogenous enzymes. The free drug would be reabsorbed and 
the cycle repeated until all drug is absorbed or eliminated in the 
feces. If the hydrolyzing enzymes are localized in a particular 
portion of the intestine, hydrolysis of the metabolite may be de- 
layed and a discontinuous absorption process observed. 


(4) The total amount of drug absorbed may be decreased if the 
metabolite released back into the intestine is not completely hy- 
drolyzed. Furthermore, if the metabolic process is capacity limited, 
one might expect that the fraction of the total dose which is ab- 
sorbed into the systemic circulation, and subsequently recovered 
in the urine, would be less with small doses thanlarger doses. 


(5) Several factors in formulation might be considered in light 
of the effect of lumen concentration on the glucuronide-to-free drug 
(GIF) ratio absorbed when intestinal metabolism is capacity limited. 
The best dosage form would be that which would give maximum 
availability in the shortest time such as a solution or a form with a 
rapid dissolution rate. A sustained-release form that delivered a low 
concentration over a long period of time could possibly be worth- 
less because of the high glucuronide-to-free drug ratio seen at lower 
concentrations. Competitive inhibition of metabolism may occur and 
one drug of a combination formulation may modify the absorption 
of another (e.g. ,  aspirin, N-acetyl para-aminophenol and salicyl- 
amide). 
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(6) There are also important clinical consequences which deserve 
attention. The use of urinary excretion of drug glucuronides as an 
index of hepatic function is a common clinical procedure (19). It 
has recently been suggested that salicylamide would be an excellent 
choice for this purpose (20, 21). It is possibly unwise, however, to 
use salicylamide, or any other drug which is largely glucuronylated 
in the intestine, as a measure of the ability of the liver to form glu- 
curonides. A further consideration is that intestinal glucuronide 
formation may be well developed in the intestine of the fetus and 
newborn before appreciable hepatic glucuronide formation is 
established (22). The role of the intestine in bilirubin glucuronide 
formation may be important but has not been clearly defined (22, 
23). In cases of neonatal hyperbilirubinemia, caution should be 
exercised in determining hepatic conjugating ability by oral toler- 
ance curves of compounds also metabolized in the intestine. Further 
information is necessary on the relative importance of intestinal and 
hepatic metabolism for both bilirubin and any proposed test drug. 


(7) It is interesting that one of the first reports of intestinal 
glucuronide formation was by Hartiala (24) who found increased 
glucuronide in the portal blood after giving cinchophen. He used 
this finding to support his theory that cinchophen caused ulcers by 
forming glucuronides in the intestine and thus depleting glucuronic 
acid from the mucopolysaccharide protective layer. Actually the 
opposite may be true, and glucuronide formation may operate as a 
protective mechanism. Salicylamide forms large amounts of glu- 
curonide in the intestine but produces no mucosal damage or ulcera- 
tion (25). Aspirin forms relatively small amounts of glucuronide (3) 
and is well known to cause mucosal damage (26,27). 


SUMMARY 


At concentrations below M ,  a considerable fraction of 
salicylamide is rapidly conjugated with glucuronic acid in the in- 
testinal mucosal cell and subsequently appears in the mesenteric 
blood in the in vivo preparation with complete mesenteric blood 
collection or the serosal fluid in the in vitro everted intestinal prep- 
aration. Appearance of salicylamide glucuronide in the plasma 
is rate limited by transport across the basal barrier rather than 
metabolism. Exit of glucuronide from the cell is bidirectional, 
appearing in the lumen contents as well as in the plasma by what 
appears to be first-order diffusion process. 


The relative order of magnitude of the rate constants in the 
general compartment model of intestinal absorption for the in vivo 
preparation is k~c>kza>>k~3G>k~.P. In the in vitro preparation 
greater amounts of glucuronide appear in the mucosal fluid than 
the serosal fluid due to the extra diffusional barriers of the sub- 
mucosal and muscularis layers and kZaC< kzP. 


When lumen or mucosal fluid concentrations are greater than 
M ,  the conjugating system is capacity limited leading to zero- 


order appearance of glucuronide. Some implications of these 
findings in dosage form design, pharmacokinetic studies, and clinical 
studies are discussed. 
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Rate of Crystal Growth of Sulfathiazole 
and Methylprednisolone 


S. C. MEHTA, P. D. BERNARDO”, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract 0 The results of crystal growth rate studies using single 
crystals of sulfathiazole and methylprednisolone are presented. 
The growth rate of sulfathiazole crystals growing in a supersat- 
urated aqueous solution showed stirring rate dependence from 10 
to 400 r.p.m. The same stirring rate dependence was found for all 
three faces studied. In alcohol solutions, however, the stirring rate 
dependence appeared to disappear above 150 r.p.m., suggesting 
that at the higher stirring rates the rate of crystal growth of sul- 
fathiazole is surface controlled. A plot of the growth rate versus 
the supersaturation ratio appeared to be linear for all studies with 
intercepts exhibited on the supersaturation ratio axis. The inter- 
cept appeared to be a function of its solvent varying from 1.07 to 
1.43 and to be a function of the polarity of the alcohol. The crystal 
growth rate of methylprednisolone, on the other hand, showed no 
stirring rate dependence in the range from 20 to 400 r.p.m. and 
appears to be surface controlled even at low stirring rates. 


Keyphrases 0 Crystal growth rates-single crystal method 0 
Sulfathiazole crystals-growth rate Methylprednisolone crys- 
tals-growth rate 0 Stirring rate effect-rystal growth 0 Re- 
fractive index-crystal axes determination 


There are a number of situations where an under- 
standing of the growth behavior of crystals may pro- 
vide a basis for improving pharmaceutical formulations. 
Crystal growth in a suspension formulation, as a result 
of temperature fluctuations or Ostwald ripening, may 
lead to undesirable changes in its particle-size distri- 
bution. Such changes whether they affect the ease of 
administration, efficacy, or the esthetic appearance of 
suspensions constitute “physical instability.” Investi- 
gations (1-5) of crystal growth behavior involving 
systems of pharmaceutical interest are relatively few. 
Furthermore, most of these studies have not been 
mechanistically oriented, i.e., aimed at  establishing the 
molecular mechanisms. Generally such studies have 
only answered the question of whether or not crystal 
growth occurs under the particular prevailing condition. 


The present report describes the results of crystal 
growth studies involving the two drugs, sulfathiazole 
and methylprednisolone. A simple but convenient 
method to  study crystal growth is described. The crystal 
growth rate data were obtained as a function of super- 
saturation, crystal orientation, and stirring rate and 


kA 


I I 
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Figure 1-Crystal growth apparatus. Key: A ,  synchronous motor: 
B, sampling port; C, Teflon lid; D ,  jacketed beaker; E,  supersaturated 
solution: F, stirrer; G,  glass stopper with a fused stainless steel rod 
(L); H ,  optical glass window; J,  inlet for water (30”); K, outlet for 
water (30”); M ,  microscope: S, stainless steel coupling to hold 
removable crystal holder shown in Fig. 2; and W, tungsten wire holding 
crystal holder described in Fig. 2. 


provided much insight as to  the probable rate-de- 
termining processes governing crystal growth. Further- 
more, this method is well suited for the screening and 
evaluation of potential crystal growth inhibitors. 


GENERAL CONSIDERATIONS 


Previous experiences have indicated the need to develop a 
technique utilizing a relatively convenient experimental system 
yet capable of providing much insight into the factors governing 
the rates of growth of crystals. Since the prime purposes of this 
study were the quantitation of crystal growth rates and the deter- 
mination of the effect of various factors upon this growth, it was 
decided that a single crystal technique which measures linear growth 
rather than techniques which utilize gross volume changes should 
be employed. The single crystal technique is more reproducible 
and therefore more quantitative because of the following reasons: 


1. Surface area is not important, as linear growth is a function 
of the chemical potential of the solution relative to the solid surface 
which can be expressed in terms of unit area. Furthermore, the 
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Figure 2-Measurement of crystal growth. Key: H ,  inert rubber of 
crystal holder to keep crystal in position: D ,  original crystal; A ,  
increase in half the length: B, increase in width; C ,  increase in thick- 
ness; and W ,  tungsten wire attached to stainless steel coupling (s) 
shown in Fig 1. 


same crystal can be exposed to a variety of conditions, all of which 
are affecting the same surface. 


2. Nucleation does not present a problem as it is readily detect- 
able. This is not true for the gross volume technique, and its pres- 
ence must be determined by separate means such as a Coulter 
counter technique. If the proper growth rate is to be determined in 
a gross volume technique, the rate of nucleation must also be de- 
termined and its contribution subtracted. 


3. The random heterogeneity of the surface free energy at the 
solid-liquid interface of all particles is not a problem in single 
crystal methods. 


4. The need for a significant quantity of material to be transferred 
from the solution phase to the solid phase which causes the super- 
saturation ratio to be significantly decreased during experiments 
using the gross volume technique is also not present in single crys- 
tal work. 


In addition, single crystal techniques, unlike gross volume tech- 
niques, not only permit the linear growth rate of each face of a 
crystal to be studied independently but also under varying condi- 
tions. This is essential in mechanistic studies. Finally the single 
crystal technique will also permit the crystal growth rate experi- 
ments to serve as a baseline for subsequent crystal growth inhibi- 
tion studies. Furthermore, in order to separate diffusion-controlled 
cases from surface-controlled rates, it was decided to employ 
variable stirring conditions as well as varying supersaturation 
conditions. 


5 10 15 20 25 
TIME, MIN. 


Figure 3--Crystal growth of sulfuthiuzole in 95 % u/v ethunot 
along the long axis ut different supersaturation ratios. Key: A, 
S = 1.26; 0, S = 1.37; 0, S = 1.52; ando,  S = 1.73. 


Table I-Solubility of Sulfathiazole and Methylprednisolone 
in Different Solvent Systems at 30" 


Solubility, Xrnax., 
Solvent g./100 g. mP 


Sulfathiazole 
Water 0.065 282 
95 x vlv Ethanol 


in water 1.06 288 
50 % v/v Ethanol 


in water 1.30 
60% v/v Ethanol in 


sec- butanol 0.555 
Methy lprednisolone 


Water O.OO72 
1 v/v Ethanol 


in water 0.0077 
2 x v/v Ethanol 


in water 0.0085 


249 


MATERIALS 


All solvents utilized in the experiments were distilled. The sul- 
fathiazole crystals used in the crystal growth experiments were pre- 
pared by double recrystallization either from 95x ethanol or 
from water. The methylprednisolone crystals used in these studies 
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Figure &Crystal growth rate of sulfathiazole in water along the 
long axis of the crystal as a function of supersaturation at different 
stirring speeds. Key: A, 10 r.p.m.; e, 150 r.p.m.; and 0,400 r.p.m. 
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Figure 5-Crystal growth rate of sulfathiazole in water along the 
dimension designated as width as a function of supersaturation at 
different stirring speeds. Key: A, 10 r.p.m.: e, 150 r.p.m.; and 0, 
400 r.p.m. 
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Figure 6-Crystal growth rate of suIJathiazole in water along the 
dimension designated as thickness as a f i c t i o n  of supersaturation at 
different stirring speeds. Key: A, I0 r.p.m.; 0, 150 r,p.m.; and 0, 
400 r.p.m. 
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Figure 9-Crystal growth rate of sulfnthiazole in 95z u/u 
ethanol along the dimension designated as thickness as a function o 
supersaturation at different stirring speeds. Key: m, 10 r.p.m.; 0, 
150 r.p.m.; 0 , 2 4 0  r.p.m.; and A, 400 r.p.m. 


were prepared by recrystallization either from a 50% v/v alcohol- 
water mixture or from acetone. 


The crystalline modifications of both compounds were the same 
as those designated as the most stable forms (Form I) in previous 
studies (6,7) and were confirmed by melting point, refractive index, 
X-ray diffraction, and IR spectra. 


In addition, refractive index determinations were used to char- 
acterize the long axes of the individual crystals of both compounds. 
The refractive index of the long axis of the hexagonally shaped 
face of sulfathiazole crystal was found to be 1.674, in agreement 
with the reported value (8). For methylprednisolone the refractive 
index along the long axis of the rod-shaped crystal was found to be 
1.602 (9). 


The supersaturated solutions used in these studies were prepared 
by either of two methods, saturating at higher temperatures using 
steam heat or by solvent mixing. Because of chemical instability, 
supersaturated methylprednisolone solutions were always pre- 
pared by solvent mixing. 9, APPARATUS AND PROCEDURE 


Figure 1 shows the apparatus used to study the growth rate of 
sulfathiazole. The temperature of the system was controlled at 30" 
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Figure 7-Crystal growth rate of sulJathiazole in 95Z a/ti 
ethanol along the dimension designated as the long axis as a function 
of supersaturation at different stirring speeds. Key: w, I0 r.p.m.; 
0,150 r.p.m.; 0 ,240  r.p.m.; and A, 400 r.p.m. 
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Figure I-Crystal growth rate of sulfathiazole in 95% u/u 
ethanol along the dimension designated as width as a function of super- 
saturation at different stirring speeds. Key: m, 10 r.p.m.; 0, 150 
r.p.m.; 0,240 r.p.m.; and A, 400 r.p.m. 
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Figure 10-Crystal growth rate of suIfathiazole in 50% u/v 
ethanol-water along the long axis as a function of supersaturation at 
different stirring speeds. Key: H, I0 r.p.m.; 0, 150 r.p.m.; and 
A, 400 r.p.m. 
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I I 
Figure 11-Crystal growrh rate of sulfathiazole in 50% V/U 
ethanol-water along the dimension designated as width as a function 
of supersaturation at different stirring speeds. Key: a, I0 r.p.m.; 
0,150 r.p.m.; andA, 400 r.p.m. 


1.2 1.6 2.0 


Figure 1 S C r y s t a l  growth rate of sulfathiazole in 40% u/v sec- 
butano1-60% u/v ethanol along the long axis as a fwtction of super- 
saturation at different stirring speeds. Key: a, I0 r.p.m.; 0, 150 
r.p.m.;andA, 400r.p.m. 
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by means of a water jacket through which 30" water was circulated. 
For crystal growth studies, a single crystal of sulfathiazole is mounted 
in a slit made in a piece of rubber for this purpose (10). See Fig. 2. 
This piece of rubber is held by a tungsten wire attached to a stain- 
less steel coupling. This coupling permits the crystal holder to be 
removed to facilitate the delicate and tedious process of mounting 
the crystal. In addition the coupling prevents the crystal from lateral 
movement during the experiment after the crystal holder is mounted 
in place. After a mounted crystal is immersed in the supersaturated 
solution, a microscope calibrated in microns is used to study crystal 
growth through an optical-glass window. Figure 2 shows the manner 
in which the length, width, and thickness of a crystal are followed 
as a functon of time. The supersaturated solution was stirred at a 
constant rate during an experiment by means of a synchronous 
motor mounted on the container lid. The effect of the stirring rate on 
crystal growth rate, on the other hand, was studied by interchanging 
motors of different speeds. A stopwatch was used to obtain the 
time of each crystal measurement. During the experiment, samples 
were periodically withdrawn from the solution and assayed spectro- 


photometrically in order to determine the concentration of the 
solution. 


RESULTS AND DISCUSSION 


The solubilities of sulfathiazole and methylprednisolone were 
determined in the following manner. Excesses of the amounts of 
the recrystallized compounds needed to  produce saturated solutions 
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Figure 1 6 C r y s t a l  growth rate of sulfathiazole in 40% u/v sec- 
butanol-6Oz ujv ethanol along the axis designated as width as a 
function of supersaturation at different stirring speeds. Key: m, 
I0 r.p.m.; 0,150 r.p.m.; and A, 400 r.p.m. 


Figure 12-Crystal growth rate of sulfathiazole in 50% v/u 
ethanol-water along the dimension designated as thickness as a func- 
tion of supersaturation at different stirring speeds. Key: H, I0 r.p.m.; 
0,150 r.p.m.; and& 400 r.p.m. 
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Figure 15-Crystal growth rate of sulfnthiazole in 40% u/u  sec- 
butanol-6Oz v/o ethanol along the axis designated as thickness as a 
function of supersaturation at different stirring speeds. Key: a, 
I0 r.p.m.; 0, 150r.p.m.; and A, 400 r.p.m. 


were placed in volumetric flasks with the solvents and agitated in a 
water bath at 30”. Duplicate samples were withdrawn at 12-24-hr. 
intervals, filtered through a 0.45-p Millipore filter, and analyzed 
spectrophotometrically. The solubilities of sulfathiazole and of 
methylprednisolone in the various solvents used are listed in 
Table I. 


Sulfathiazole Studies-Figure 3 represents the results of a 
typical sulfathiazole crystal growth experiment in 95 v/v 
ethanol where the growth in microns along the long axis was 
measured and plotted as a function of time. The growth-time plots 
were always found to be linear with little scatter, except in cases 
where the apex of the crystals was initially not sharp due to prior 
washing in a solvent. In the latter situations the slopes of the 
plots became linear after a short initial period during which time 
sharpening of the crystal edges occurred. Size variations of the 
crystals employed in these experiments were found to have little or 
no effect upon the rate of growth over a crystal length range of 450 
to 2000 p. Also the method of preparation of the seed crystals 
usually had no effect upon the growth rates. 


From limiting linear portions of the data such as those presented 
in Fig. 3, the rates were obtained by determining the slopes for each 
experiment and are plotted in Figs. 4 1 5  for each of the three di- 
mensions of the sulfathiazole crystal in a number of solvents under 
different stirring rates. These rates have been presented as a function 
of the supersaturation ratio, S, which is the supersaturated solution 
concentration divided by the solubility. The data for sulfathiazole 
crystal growth studies in water (Figs. 4-6) appeared to be linearly 
dependent upon the supersaturation ratio, S, for all stirring speeds 
and for all three dimensions. Least-squares parameters calcu- 
lated for these studies are tabulated in Table I1 and showed that a 
common intercept of S = 1.17 was consistent with all of the water 
experiments. 


The stirring rate dependence found in these experiments 
strongly supports a diffusion-controlled process in region S > 1.17. 


Table ILI-Linear Least-Squares Parametersa for Sulfathiazole 
Using 95 % Hydroalcoholic Solution as a Solvent 


Av. 
Inter- Inter- 


Axis Stirring, r.p.m. ceptb cept Slope 


Length 1.15 1.14 6.89 
1 5fl 1 10 18.00 


10 
-- - 
240 1.22 21.63 
400 1.09 18.46 


150. 240. 400 1.12 18.62 
Width ’ 10 0.94 1.05 2.95 


150 1.17 8.40 


Thickness 


~~ - 
400 1.04 7.20 


150,400 1 . 1 1  7.91 
10 0 .80  1.08 1.90 


150 1.16 5.90 
400 1.29 5.50 


150,400 1.17 5.70 
Av. for all data 1.10 


0 See Appendix. b Both slope and intercept were allowed to vary. 
c Curve was forced through average intercept for all three axes, S = 
1.10. 


The growth rates of all of the dimensions appear to be determined 
by the transport of solute through the solvent at even the highest 
stirring speeds. For comparison purposes, the growth rate curves 
as a function of the stirring rate shown by Figs. 4, 5, and 6 were 
arbitrarily fitted by linear curves passing through the 1.17 intercept, 
with arbitrary slopes chosen so that a constant slope ratio as a 
function of the stirring rate was maintained in all three figures; i.e., 
the ratios of the slope at 400 r.p.m. to that at 150 r.p.m. to that at 
10 r.p.m. was constant. The agreement of these arbitrary 
curves with the experimental data points strongly suggests that the 
stirring rate dependence is the same for all three dimensions. 


The intercept value of about S = 1.17 might be related to a 
“critical” supersaturation for two-dimensional nucleation. There- 
fore, at very low supersaturation ratios, crystal growth may occur 
extremely slowly or may be dependent upon the existence of screw 
dislocations. 


Sulfathiazole crystal growth experiments with the other solvent 
systems studied (Figs. 7-15) generally appeared to show stirring 
rate dependence at the lower speeds but interestingly the rates were 
much less stirring dependent at the higher speeds in these solvents 
than in the water experiments. The growth rates observed in 95 
v/v ethanol, 50% ethanol-water, and 40% butanol-60Z ethanol 
were found to be essentially independent of stirring rates above 150 
r.p.m. The growth rates at 10 r.p.m. were generally much slower in 
these studies See Tables 111-V. 


These experiments in the alcohol-containing solvents appear 
to be consistent with the interpretation that at lower agitation 
conditions (-10 r.p.m.) the crystal growth rates are solvent dif- 
fusion controlled at the higher supersaturations. However, at higher 


Table IV-Linear Least-Squares Parameters“ for Sulfathiazole 
Using 50% Hydroalcoholic Solution as a Solvent 


Table 11-Linear Least-Squares Parameters’ for Sulfathiazole 
Using Water as a Solvent 


~ ~ 


Stirring, Av. 
Axis r.p.m. Interceptb Intercept Slope’: 


Length in  0.99 1.10 1.26 ---- - ... ~~ _. 


150 i .09 3.41 
400 1.22 5.56 


1.24 0.04 Width 10 1 .33  
150 1.08 1.67 
400 1 . 3 1  2 .54 


Thickness 10 1.27 1.16 0.29 
150 1.01 0.84 
400 1.20 1.59 


Av. for all data 1.17 


0 See Appendix. b Both slope and intercept were allowed to vary. 
c Curve was forced through average intercept for all three axes, S = 
1.17. 


~~ ~~ ~ ~~ 


Av. 
Inter- Inter- 


Axis Stirring, r.p.m. ceptb cept Slopec 


150 1.04 9.98 
4 0  I .05 13.34 ~ .~ 


150;-&0 1.05 11.77 
Thickness 10 1.15 1.02 2.70 


150 0.84 4.87 
400 1.08 5.27 


150,400 0 .98  5.07 
Av. for all data 1.07 


_ _ _ _ _ _ _ _ ~  ~~ 


0 See Appendix. b Both slope and intercept were allowed to vary. 
c Curve was forced through average intercept for all three axes, S = 
1.07. 
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Table V-Linear Least-Squares Parameters“ for Sulfathiazole 
Using 40 sec-Butanol-60 Ethanol as a Solvent 


Table VI-Linear Least-Squares Parameters for 
Methylprednisolone Using Water as the Solvent 


Av. 
Inter- Inter- 


Axis Stirring, r.p.m. ceptb cept Slope0 


Length 10 1.53 1.39 6.27 
150 1.33 21.04 
400 1.30 15.39 


150,400 1.29 13.13 
Width 10 1.52 1.40 2.01 


150 1.27 J.GI  
400 1.42 6.49 


150,400 1.31 5.17 
Thickness 10 1.41 1.50 0.90 


~ .~ 
150 1.27 5.91 _ _  
406 1.42 6.49 


150,400 1.31 5.17 
Thickness 10 1.41 1.50 0.90 


150 1.56 3.57 
400 1.52 3.86 


150,400 1.54 4.67 
Av. for all data 1.43 


a See Appendix. 6 Both slope and intercept were allowed to vary. 
c Curve was forced through average intercept for all three axes, S = 
1.43. 


stirring rates, the crystal growth rates are surface controlled rather 
than diffusion controlled. 


In all the plots shown in Figs. 7-15, there appear to be significant 
intercepts on the supersaturation axes as were found to be the case 
in the water experiments Figs. 4 4 .  In the cases of ethanol and 
ethanol-water experiments, the intercepts are the order of S N 1.1. 
For the 40% sec-butanol-6Ox ethanol the intercept is much larger, 
the order of S N 1.43. These intercepts might again be related to 
the “critical” supersaturation for two-dimensional nucleation in 
the respective solvents. It is noteworthy to mention at this point 
that in n-propanol, crystal growth of sulfathiazole did not occur 
even at supersaturation of 2.2, and that in sec-butyl alcohol a super- 
saturation ratio of 5.5 showed no growth. The observations in 
conjunction with the S-intercepts found in the present studies sug- 
gest a direct relationship between the “critical S” for two-di- 
mensional nucleation and alcohol solvent polarity-uiz., the higher 
the alcohol solvent polarity the smaller the S-intercept. 


METHYLPREDNISOLONE CRYSTAL GROWTH 
IN WATER 


The growth rate along the rod axis (refractive index = 1.602) of 
the methylprednisolone crystal in water at various supersaturations 
and stirring speeds was also studied. The results are shown in Fig. 
16. The data at all stirring speeds appear to be linear with super- 
saturation and show a small intercept on the S-axis. The least- 
squares linear curves were calculated and the slopes and intercepts 
tabulated in Table VI. As opposed to sulfathiazole crystals, Table VI 
clearly shows that the rates for methylprednisolone appeared 
to be virtually independent of stirring for all stirring rates over the 
range of 20 to 400 r.p.m. This supports a mechanism in which the 
crystal growth rate of methylprednisolone in water is surface con- 
trolled in the range of agitation rates employed in these studies. 


2 30 
cn 0, h 20 401 
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Figure 16-Crystal growth rate of methylprednisolone in water as 
a function of supersaturation at different stirring speeds, Key: A, 
20 r.p.m.; 0,150r.p.m.; 0,240r.p.m.; andO,400r.p.m. 


Stirring, r.p.m. Intercept“ Slopea 
~ ~ 


20 1.43 
1 50 1.27 
240 1.37 
400 0.90 
All data points 1.23 


18.732 
17.498 
19.163 
13.329 
16.896 


a Both slope and intercept were allowed to vary. 


For this reason a least-squares linear curve was calculated using 
all the methylprednisolone growth rates regardless of stirring rate, 
and this curve was drawn in Fig. 16. 


SUMMARY 


These results show the advantage of using a single crystal tech- 
nique to obtain quantitative data regarding the growth rate of 
crystalline drugs. In particular, it permits meaningful quantitation 
of the stirring rate dependence and the effect of the composition of 
the solution on the crystal growth rate. This permits an insight as to 
the controlling mechanism operative under the conditions of the 
experiment. 


APPENDIX : LEAST-SQUARES PARAMETERS 


It is generally accepted that the results of a least-squares optimiza- 
tion of the data will depend on the function chosen, i.e., straight 
line, parabola, exponential, etc. It is not always recognized, however, 
that one must be careful to use the appropriate least-squares treat- 
ment if one is to fit the best linear curve to the experimental data. 
For example, one can assume that the experimental error resides 
solely in the y data, in the x data, or in both. Obviously the best 
fit curve obtained will depend on which approach was used. 


It also should be noted that the least-squares approach (a mathe- 
matical interpretation as opposed to a physical interpretation) 
should not contradict any known facts and/or limitations set by the 
experimental system. For example, if it is known that the data plot 
passes through the origin, then a least-squares set of equations which 
ignores this requirement may not only result in an artificial inter- 
cept but also an incorrect slope. 


By definition, a crystal must be exposed to a supersaturation ratio 
greater than 1 in order for it to  grow. Therefore, any optimization 
of the authors’ data that yields a curve which displays a positive y- 
intercept must be incorrect. This means the least-squares approach to 
be used must yield an x-intercept of the supersaturation ratio axis if 
the most correct slope is to  be calculated. 


In addition, it is reasonable to assume that all curves of a given 
system should be represented by the same intercept for the following 
reason. At the x-intercept, the crystal growth is obviously indepen- 
dent of the stirring rate and most likely is regulated by a surface- 
controlled process. If this is true, all curves must intercept at the 
same point as the only difference between curves is the stirring 
rate. 


With the above in mind, the following approach was arbitrarily 
used to determine the intercepts and slopes for the systems studied. 
First the least-squares parameters were determined allowing both 
the intercept and slope to vary, i.e., y = mx + b where rn is the 
slope and the x-intercept is b/m. The average x-intercept for all 
curves in a given system was calculated and assumed to be the best 
estimate of the supersaturation ratio axis intercept. The best esti- 
mate for the slope of each curve was then determined using the 
least-squares equations for y = m(x - I ) ,  where I is the average 
intercept for the system. 
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Theoretical Model Studies of Drug Absorption 
and Transport in the Gastrointestinal Tract I 


AKIRA SUZUKI, W. I. HIGUCHI, and N. F. H. HO 


Abstract 0 The simultaneous chemical equilibria and mass transfer 
of basic and acidic drugs through a two-phase compartment model 
were theoretically investigated. The model consisted of a well- 
stirred bulk aqueous phase, an aqueous diffusion layer, and a 
lipid barrier for perfect and imperfect sink cases. The nonsteady 
and quasi-steady-state changes in the concentration-distance dis- 
tributions in the lipid phase were studied. The rate of change of 
the total drug concentration in the bulk aqueous phase was de- 
scribed in the general form of a first-order equation useful for the 
evaluation of experiments. A limiting steady-state relationship in- 
volving the transport rate with the partition coefficient, pH at the 
aqueous-lipid interface, dissociation constant of the drug, aqueous 
and lipid diffusion coefficients, and thickness of the diffusion layer 
was derived. Increasing the agitation rate in the aqueous phase 
markedly affects the pH profiles for the rate of transport. The pH- 
partition theory is shown to be a limiting case of the more general 
approach presented. 


Keyphrases Drug absorption, transport-theoretical model 
Model, two-phase compartment-theoretical investigation 
Chemical equilibria, mass transfer-two-phase compartment 
model 0 Agitation rate effect-rate transport pH profiles 


The increasing interest in the mechanistic understand- 
ing rather than in only a mathematical representation of 
drug transport and absorption phenomena should dic- 
tate systematic physical model analyses of various in 
uitro situations. Thus, detailed theoretical considerations 
of diffusion and equilibria involving multibarrier sys- 
tems and the carrying out of appropriate model experi- 
ments are necessary for the isolation of the important 
in uiuo factors. 


Recent investigations (1-4) in these laboratories have 
been devoted to the physical model approach to a num- 
ber of situations in this regard. The present paper is 
concerned with the problem of treating the time de- 
pendency and the pH-buffer dependency for the trans- 
port of basic and acidic solutes into and across lipoidal 
barriers. It is, to some extent, an extension of the works 
of Howard et al. (3) and Stehle (4) and should be useful 
in the understanding of gastrointestinal and buccal 
absorption problems. In the accompanying paper ( 5 ) ,  
the techniques developed here are applied to some of the 


data on in situ drug absorption published by Koizumi 
et al. (6 ,  7). 


THEORY 


General Description of the Model-The simultaneous mass 
transfer and chemical equilibrium reactions in a system consisting 
of two homogeneous phases will follow the one-dimensional 
model in Fig. 1.  The bulk aqueous phase is well stirred and consists 
of a basic drug and buffer. At x 2 - h, 


(Eq. 1) 


(Eq. 2) 


(TR1-h = (R)--h + (RH'1-n 


(TB)-h = (B-1-h -I- (HB1-h 


where (TR) is the total drug concentration of R and RH+ species 
and (TB) is the total buffer concentration of B- and HB species. 
It is assumed that electrical neutrality holds everywhere in the 
aqueous phase. Consequently, at x 5 0, 


(H+) + (RH+) + (Naf) - (OH-) - (B-) = 0 (Eq. 3) 
where (Na+) is the cation concentration derived from the buffer. 
It is further assumed that the following equilibrium reactions are 
instantaneous, 


(H+)(OH-) = K, (Eq. 4c) 
where &.R, K o l ~ ~ ,  and K, are the dissociation constants of drug, 
buffer, and water, respectively. 


Under the assumption of quasi-steady-state conditions existing 
within the aqueous diffusion layer, the total flux of the drug to the 
water-lipid interface is expressed by the equation 


( - h  5 x 5 -0) 
where G is the total flux of the drug and DRH and DR are the dif- 
fusion coefficients ; upon integration, the solution is 


Gh = DRH (RH+)-h + DR(R)-~ - DRH (RH+)-o - 
DR(R)-o (Eq. 6) 


In an analogous procedure for the buffer species, 


DHB(HB)-A + DB(B-)-~ - DHB(HB)--o - DB(B-)-o = 0 (Eq. 7) 
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in Polyethylene Glycol 6000 
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Abstract 0 Four different dosage forms of griseofulvin were 
administered orally to dogs: (a)  griseofulvin in the solution of 
polyethylene glycol (PEG) 400; (b) griseofulvin dispersed in PEG 
6ooo (1 : 9 w/w) prepared by the fusion method and administered 
in capsule form; (c) a commercial tablet of micronized griseofulvin; 
and (d) a commercial capsule of micronized griseofulvin. The drug 
can be followed in the blood for 8-12 hr. after a 250- or 500-mg. 
dose. However, the blood data can lead to a false conclusion as to 
the degree and duration of the absorption process. This is due to fast 
metabolism (ti/% = 40-50 min.), to absorption being a dissolution 
rate-limited process, and finally to an assay that is insufficient to 
follow the total time course of the drug in the body. In contrast, 
the urinary excretion data for 6-demethylgriseofulvin (6-DMG) yield 
convincing evidence for prolongedabsorption of griseofulvin for over 
30 hr. for the commercial preparations. By comparison of the per- 
cent 6-DMG excreted to that obtained after i.v. administration, 
absorption was found to be complete for the solution form, 88% 
for the PEG dispersion, 45% for the commercial capsule, and 
33 for the commercial tablet. 


Keyphrases 0 Griseofulvin dosage forms, oral-absorption, dogs 
0 Polyethylene glycol 6OOO effect-griseofulvin absorption 0 
Dissolution rates-griseofulvin dosage forms 0 Absorption, dis- 
solution rates-correlation 0 Urinary excretion-griseofulvin me- 
tabolites 


One major and commonly used approach to enhance 
oral absorption is micronization. Yet, no study has 
been reported to compare the absorption of a drug in 
micrbnized form and in a solid dispersion form. There- 
fore4 the clinical and practical value of the solid disper- 
sion approach has not been fully established. The main 
obje tive of this communication is to  compare quantita- 
tivel the absorption characteristics of a water-insoluble 
anti iotic, Gris, in dogs. The absorption properties of 
thes i systems in man will be reported in a future article. 


14 another communication (lo), the authors re- 
port' d that the dissolution rate of Gris was increased 
con 'derably when dispersed in the carriers of poly- 
ethy ene glycol (PEG) 4000, 6000, and 20,000; citric 
acid i pentaerythritol; and pentaerythrityl tetraacetate. 
Theiresults obtained after i.v. studies of Gris and its 
met bolite, 6-demethylgriseofulvin (6-DMG), in the 
sam 1 dogs have also been previously reported (1 1). The 
PEG 6000 was selected as a model carrier to test in dogs. 


EXPERIMENTAL 


Sekiguchi and Obi (1) were the first to apply the 
principle of solid dispersions utilizing a water-soluble 
carrier as a matrix for a poorly soluble drug to increase 
the rate of dissolution and oral absorption. They 
proposed the formation of a eutectic mixture of a 
poorly water-soluble drug with a physiologically inert, 
readily soluble carrier. Goldberg et al. (2) later sug- 
gested the formation of solid solutions (mixed crystals) 
rather than eutectic mixtures to obtain faster dissolution 
and absorption rates. Recently, Chiou (3) proposed, 
from the theoretical standpoint, that a poorly soluble or 
insoluble drug can achieve the fastest rates of dissolution 
and absorption when dispersed in a glass solution of a 
water-soluble carrier. Upon exposure to aqueous fluids, 
the active drug will be released in a state of fine par- 
ticles (eutectic mixture) or single molecule (solid or glass 
solution). The enhancement of in uitro dissolution rates 
has been shown with solid dispersions containing 
chloramphenicol (4, 5), griseofulvin (Gris) (6, 7), and 
reserpine (8). However, the in viuo investigation of such 
systems has been limited. Only sulfathiazole (l), chlor- 
amphenicol (4), and reserpine (9) have been studied. 


Dosage Forms-Four different dosage forms were used for oral 
studies: 250 mg. of Gris dissolved in 50 ml. of PEG 400; 250 mg. 
of Gris dispersed in 2250 mg. of PEG 6000 (250 mg. 10% Gris- 
PEG 16000) by the melting method (10) and packed loosely into five 
gelatin capsules (size 00); a commercial tablet containing 500 mg. 
of micronized Gris; and a commercial capsule containing 250 mg. 
of micronized Gris. 


Protocol in Dog Studies-Male, mongrel, conditioned, un- 
anesthetized dogs weighing 19-22 kg. were used throughout the 
studies. Dogs were fasted with water ad libitum for 16 to 18 hr. 
prior to experiments. The Gris in the solution form was adminis- 
tered through a stomach tube followed by 30 ml. of 50% aqueous 
PEG 400 solution to rinse the syringe and the stomach tube. 
The solid dosage forms, mixed with a small amount of ground 
meat, weie swallowed quickly by the dogs. One hundred fifty 
milliliters of lukewarm tap water was then given through the 
stomach tube. Dogs were observed for at least 2 hr. to make sure 
that there was no vomiting of the drug. Food was withdrawn for 
8 hr. after administration, while water was freely available. 


Blood samples (5 ml.) were drawn at 0,1,2,3,5,8, and occasionally 
up to 12 hr. after drug administration from a cephalic vein with a 
22-gauge disposable needle attached to a 6-ml. syringe. For the 
solution dosage form, additional samples were taken at 15 and 30 
min. Urine samples were taken at 0,2,5,8,30, and 48 hr. through a 
urethral catheter. After the initial withdrawal of urine, at least 20 
ml. of saline was used to wash the bladder. Both the urine and the 
washing were combined together for the asssy. Occasionally, only 
blood or urine samples were taken. 
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Table I-Plasma Data (mcg./ml.) after Oral Administration of Various Dosage Forms of Gris to Dogs 


A'.=, 
Time 7 nun. 


Dosage Forms Expts. 15 min. 30 min. 1 hr. 2 hr. 3 hr. 5 hr. 8 hr. mcg./ml. 


250 mg. in solution F-5 
G-13 
H-3 
K-1 
Av. 
1 SEM 


250 mg. dispersed in PEG 6000 H-2 
(capsule) H-5 


H-6 
G-2 
G-19 


250 mg. dispersed in PEG 6000 H-2 
(capsule) H-5 


H-6 
G-2 
G-19 
K-2 
K-19 
Av. 
1 SEM 


500 mg. micronized (tablet) H- 1 
H-4 
H-14 
G- 1 
CI-4 - .  


G-14 
G-15 
K-15 
Av. 
=k SEM 


250 mg. micronized (capsule) D-2 
D-6 
F-12 
G-12 
H-12 
H-13 
H-15 
Av. 
f SEM 


1.00 0.92 2.12 
2.52 2.08 2.46 ~ .~ ~ -~ ~ 


1.56 3.43 3.25 
2.19 2.25 2.73 
1.82f 2.17& 2 . 6 4 3 ~  
0.34 0.51 0.24 


0.35 
0.94 
0.34 
1.20 
0.62 
0.12 
0.08 
0 .55+ 
0.18 
0.10 
0.14 
0.19 
0.88 
0.33 
0.05 
0.41 
0.17 
0 . 2 8 f  
0.10 
0.20 
0.41 
0.10 
0.13 
0.11 
0.18 
0.19 
0.19+ 
0.04 


1.23 
1.63 
2.20 
2.34 
1.85f 
0.26 
1.33 
1.44 
0.59 
1.71 
1.08 
0.40 
0.28 
0 . 9 8 4 ~  
0.21 
1.60 
0.25 
0.38 
1.27 
0.50 
0.12 
0.48 
0.31 
0 . 6 1 1  
0.19 
0.24 
0.22 
0.32 
0.26 
0.34 
0.35 
0.30 
0.29f 
0.02 


0.55 0.17 
0.95 0.32 
1.44 0.71 
1.82 0.82 
1.19 0.51 
0.28 0.15 
1.50 0.66 
i.28 0.58 
0.77 0.32 
2.87 2.16 
1.17 0.95 
0.65 1.27 
0.70 0.56 
1.24zk 0.97f 
0.34 0.27 
1.97 1.01 
0.31 0.34 
0.59 0.31 
1.73 1.04 
0.53 0.18 
0.11 0.13 
0.53 0.20 
0.36 0.29 
0 . 7 7 1  0.44* 
0.24 0.13 
0.21 0.12 
0.25 0.17 
0.36 0.07 
0 . 5 4  0.26 
0.23 0.10 
0.43 0.22 
0.37 0.17 
0 . 3 4 3 ~  0.16zk 
0.04 0.02 


0.00 
0.08 
0.21 
0.26 
0.14zt 
0.06 
0.22 
0.19 
0.13 
0.80 
0.39 
0.61 
0.53 
0 . 4 1 4 ~  
0.09 
0.40 
0.10 
0.12 
0.34 
0.04 
0.06 
0.05 
0.10 
0 . 1 5 1  
0.05 
0.06 
0.14 
0.00 
0.07 
0.03 
0.07 
0.06 
0 . 0 6 f  
0.02 


280 
434 
647 
658 
505zt 
91 


345 
367 
185 
830 
445 
335 
217 
389f. 


81 
466 
112 
145 
471 
129 
46 


137 
115 
203 =k 
57.4 
69 


112 
68 


118 
67 


107 
95 
91 f 
6.7 


Samples of urine and plasma obtained after separation from red 
cells by centrifugation were stored at 4" until required for analysis. 
The spectrophotofluorometric assay of Gris in the plasma (12) 
and the UV assay of 6-DMG in the urine (13) were conducted as 
previously described. An interval of at least 1 week separated each 
experiment. 


I n  Vitro Dissolution Rate Studies-Dissolution rate studies of 
125 mg. of Gris in three solid dosage forms were run in 18 1. of 
simulated intestinal fluid (14) at 36.7 1 0.05" in an apparatus 
previously described (10). For dissolution studies, dispersed Gris 
was filled in two gelatin capsules (size 00), an equivalent amount of 
powder from the commercial capsule was refilled in a size 1 gelatin 
capsule, and a single mass was cut from the commercial tablet. 
Dissolution was studied using the USP disintegration apparatus 


J a 


(Scientific Glass Apparatus Co., Bloomfield, N. J.). However, a 
single cylindrical covered basket, diameter 2.8 cm. and height 5.6 
cm., made up of an 8-mesh stainless steel screen, was used instead 
of the conventional basket-rack assembly, because Gris-PEG 
preparation was found to stick to the plastic wall in the standard 
basket. 


d 
E 
6 5 100 
(0 


U 
0 


-- 
I,/- I 


0 
0 2 4 6 8 


TIME, hr. 


Figure I-Mean plasma levels of Gris a fe r  oral administration of 
various dosage forms to dogs. Key: A, 250 mg. in solution; @, 
250 mg. dispersed in PEG 6000; 0, commercial tablet of 500 mg. 
micronized Gris; and 0, commercial capsule of 250 mg. micronized 
Gris. 


0 10 20 30 40 


IIY 
I I I 


0 10 20 30 40 
TIME, hr. 


Figure 2-Average cumulative excretion of 6-DMG after oral and 
i.v. doses of Gris. Key: A, i.v. Gris; 0, Gris in solution; 0, Gris 
dispersed in PEG 6000; A, commercial capsule of micronized Gris: 
and 0, commercial tablet of micronized Gris. (All data corrected 
for 250-mg. dose.) 
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RESULTS AND DISCUSSION 


Plasma Levels of Gris after Oral Administration-The plasma 
concentration data after oral administrations of four different 
dosage forms of Gris are shown in Table I and their average values 
are plotted in Fig. 1. 


Although Gris has long been used for antifungal therapy in dogs 
(15), its oral absorption has not thus far been reported. The recom- 
mended dose of 5 mg./lb./day in dogs is the same as that used in 
man. The results reported from this laboratory (11, 16) indicated 
that the metabolic rate of Gris in dogs may be 20-30 times faster 
than that in man. Therefore, it is not surprising that very low blood 
levels of Gris were obtained from 250 mg. of commercial capsule 
(Table I) administered to dogs weighing 45 Ib. (approximately 
5 mg./lb.) as compared with that obtained from man (12). The 
average peak level was found to be about 0.3 mcg./ml., and the 
concentration after 8 hr. of administration was almost negligible. 
Furthermore, even the blood level from the solution dosage form 
was very low after 8 hr. of administration. It has been reported 
that the minimal plasma concentration of Gris required for the 
effective therapy in man is about 1 mcg./ml. (17). Hence, it is highly 
doubtful that the presently recommended dose in dogs is adequate. 
Further study of this aspect should be pursued. 


Peaks of plasma level of Gris from three solid formulations were 
all reached at  about 3 hr. after administration as found in man 
(12), cats (18), and rats (19). The absorption from the solution form 
was much faster, as expected. The peak plasma levels after adminis- 
tration of the Gris-PEG solution were in the range of 15-30 min. 
in Dogs G and H. 


The absorption from the commercially available micronized 
preparations appears to be quite incomplete. The average peak 
levels from these preparations are about 25 to 2 9 x  of that from 
Gris dispersed in PEG 6000 on the basis of equal amount of Gris 
administered. 
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Figure 3-Plasma concentration of Gris after administration of’ oar- 
ious dosage forms to Dog H (oral doses all corrected to 50 mg.  
Gris). Key: A, Gris in solution ( 8 3 ) ;  0, Gris dispersed in PEG 
6000 (H-6); 0, commercial capsule of micronized Gris (H-1-31; 
A, commercial tablet of micronized Gris (H-14); and 0, 50 mg. 
Gris i.v. (H-9). 


Table 11-Cumulative 6-DMG Urinary Excretion Data (mg. of 6-DMG) after Oral Administration of Various 
Dosage Forms of Gris to Dogs 


Time 
Dosage Forms Expts. 2 hr. 5 hr. 8 hr. 30 hr. 48 hr. 


250 mg. in solution F- 5 
G-13 
H-3 
K-5 
Av. 
=t SEM 
F-6 250 mg. dispersed in PEG 6000 


(capsule) F-9 
G-2 
G-19 
H-2 
H-6 
H-5 
Av. 
i SEM 


500 mg. micronized (tablet) H- 1 
H-4 
H-14 
H-8 
G- 1 
G-4 
G-8 
G-14 
G-15 
F-8 
F-14 
K-15 
Av. 
f SEM 


250 mg. micronized (capsule) F-2 
G-12 
H-12 
H-13 
H-15 
Av. 
=t SEM 


54.0 
59.6 
55.0 
- 


56.2 i 1.72 
16.3 
28.8 
17.0 
19.7 
15.9 
27.4 
46.5 


24.5 f 4.2 
11.8 
10.0 
9 . 0  


14.3 
14.4 


6.8 
17.8 


- 


- 


- 


12.0 f 1.4 
5.2 
6.0 


10.3 
15.7 
7.8 


9 . 0 3 ~  1.9 


82.2 
89.6 
91.6 - 


87.8 f 2.8 
54.7 
63.5 
53.6 
49.6 
44.8 
71.7 
72.7 


58.7 f 4.1 
64.2 
29.4 
30.9 


49.9 
32.6 


20.0 
46.9 


- 


- 


- 
- 
- 


39.1 =t 5.7 
20.6 
25.1 
21.1 
38.9 
20.8 


25.3 f 3.5 


90.7 
97.2 


103.0 


97 f 3.5 
69.0 
81.7 
71.3 
65.4 
56.2 
81.4 
83.4 


72.6 f 3.8 
80.8 
39.2 
40.2 
37.4 
66.1 
37.6 
46.3 
26.3 
61.3 
66.5 


50.2 f 5 . 5  
24.3 
30.6 
24.6 
45.5 
25.8 


30.2 f 4.0 


114.3 
122.4 - 


118 + 4 . 0  
97.1 


103.1 
108.0 
108.6 
88.3 


117.2 
117.0 


105.6 f 3.9 
103.3 
72.5 
63.5 
68.1 


62.1 
89.5 
52.1 


119.8 
122.5 


- 


- 


83.7 d= 8.7 
72.2 
60.4 
36.3 
59.6 
40.0 


53.7 i 6.7 


128.3 
130.4 
132.8 
- 


130.5 * 1.3 
109.8 
113.3 
119.0 
123.8 
96.3 


124.2 
125.0 


115.9 f 3.9 
106.4 
75.8 
67.1 
71 . O  


75.0 
98.2 
63.0 


136.8 
138.7 
85.6 
37.8 


87 f 9 . 3  
75.8 


- 


72.4 
37.0 
68.9 
43.5 


59.5 f 8.0 
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Figure &Replot of the data shown in Fig. 3 on 500 mg. Gris ad- 
ministered to Dog H (see Fig. 3 for details). Extrapolation difference 
curves (solid circles and triangles) indicate the faster of the two rate 
processes. 


The solution form of Gris might be presumed to be more com- 
pletely absorbed and could be used as a standard for comparison of 
the dosage forms. By comparison with the area under the plasma 
concentration-time curve in 8 hr. from the solution form, the 
availability is 77% for Gris dispersed in PEG 6000, 2 6 z  for the 
commercial tablet, and 18% for the commercial capsule. There is, 
however, a fallacy in this method of comparison, since it was re- 
ported in a previous communication ( 1  1) that the elimination 
characteristics of Gris after i.v. administration in some dogs fol- 
lowed dose-dependent kinetics. Therefore, it seems invalid to 
compare the availability on the basis of the blood area. However, 
as reported in the previous communication (1 l), the total urinary 
excretion of 6-DMG, its major metabolite, was found to be almost 
constant for every dog studied and to be independent of doses in 
dogs exhibiting dose-dependent kinetics of Gris. Therefore, it was 
concluded that the total 6-DMG excretion in the urine can be used 
to evaluate the extent of drug absorption. 


The absorption of micronized Gris preparation in man has been 
shown in this laboratory to continue for more than 30 or 40 hr. 


14 


0 10 20 30 
TIME,,d.. hr. 


Figure 5-6-DMG excretion rate plots after oral administration of 
various dosage forms to Dog H (see Fig. 3 for details). The half-life 
of 6-DMG excretion from i.v. dose to Dog His  4.8 hr. 


0.3 
0 10 20 30 


TIMEmld.. hr. 


Figure 6-6 -DMG excretion rate plots after oral administration of 
various dosage forms to Dog G (all data corrected to 500-mg. dose). 
Key: 0, Gris in solution (G-13); A, Gris dispersed in PEG 6000 
(G-2); 0, commercial capsule of micronized Gris (G-12); and *, 
commercial tablet ofmicronized Gris (G-14). 


(12). However, after the fist 10 hr., the rate of absorption is much 
reduced. This may also take place in dogs; the drug concentration 
might fall below the level of spectrophotofluorometric assay sensi- 
tivity after 8 or 12 hr. postadministration, even though the drug is 
continuing to be absorbed. Theauthors, therefore, may not be able 
to  follow the drug long enough in the blood to detect the total 
absorption process. This will be discussed further. 


Urinary Excretion of 6-DMG after Oral Administration-Two 
urinary metabolites, 6-DMG and 6-DMG glucuronide, were 
previously identified in this laboratory after an i.v. dose of Gris to 
dogs (16). The excretion of 6-DMG glucuronide was found to 
contribute only insignificantly to the metabolic process either after 
i.v. or oral administration of Gris (1 1). 


The excretion of 6-DMG after administration of four different 
dosage forms is shown in Table 11. The average cumulative data 
for 6-DMG from i.v. (1 1) and oral doses are shown in Fig. 2. The 
percent of the total excretion of 6-DMG in 48 hr. from four dogs 
was surprisingly constant with an average of 55.1 x, which is vir- 
tually identical to that obtained from i.v. dose, 56.4% (ll), and 
indicates complete absorption from Gris in solution form. Using the 
amount of metabolite excretion in 48 hr. after the i.v. doses, the 
metabolite recovery is 88% from the Gris dispersed in PEG 6000, 
45 Z from the commercial capsule, and 33 % from the commercial 
tablet. Therefore, it is evident that the insoluble Gris dispersed in a 
water-soluble matrix of PEG 6000 does indeed result in a faster and 
more complete absorption than micronized products. Of additional 
importance is the fact that the absorption appears to be more 
consistent from the PEG dispersion. 


There appear to be many potential physical and chemical advan- 
tages of a solid dispersion prepared with water-soluble carriers. 
The carriers will obviously be chosen on their ability to dissolve the 
required amounts of the drug in the solid dispersion. As such, it 
may show an increased tendency to produce supersaturated solution, 
fast dissolution rate, and good wetting and dispersion on exposure 
to the aqueous fluids. Although the micronization of insoluble 
drugs can increase the specific surface area and thereby increase 
the dissolution rate, this potential advantage may be easily lost due 
to the aggregation or agglomeration during the formulation or 
processing, which may not be overcome by adequate wetting in the 
biological fluids during the absorption process. It appears that the 
physicochemical advantages intrinsic in the solid dispersion form 
markedly influence the biological availability of the Gris in dogs. 
It is hoped that the approach of solid dispersion can also be applied 
to other insoluble drugs. 


Long Absorption Time of Gris in Dogs-An interesting absorption 
phenomenon was frequently observed in dogs. Typical plasma 
concentration curves of Gris after administration of different 
dosage forms to a dog are shown as semilog plots in Fig. 3. One 
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Figure 7-Gris dissolution rate data (amount remaining to be dis- 
solved) from 125 mg. in 18 1. of simulated intestinal fluid at 36.7". 
Key: (l), commercial capsule; (2), commercial tablet; and(3), capsule 
of Gris dispersed in PEG 6000. 


certainly would wonder why four different preparations with 
different dissolution rates will have the same postpeak disappearance 
curve with a half-life of about 2 hr. (even up to 12 hr. postadminis- 
tration). This would usually be defined as the elimination half-life 
of the drug. 


The elimination half-life (t i /* = 52 min.) in this dog after i.v. 
dose was found to be dose-independent (Fig. 1 in Reference 11). 
Therefore, it indicates that the postpeak curve is primarily due to 
the slower process, the absorption process, which continued for at 
least 8 hr. Further evidence for this contention is seen in Fig. 4 
in which some of the data from the previous figure have been re- 
drawn. The linear portions of the postpeak curves for the capsule 
and tablet experiments have been extrapolated back to zero time, 
and the method of extrapolation difference has been used to esti- 
mate the rate constant for the faster of the two competing processes 
which primarily contribute to the rising portion of the blood curves. 
The extrapolation difference values led to the dashed lines repre- 
senting the contribution from this first-order rate process. These 
lines show essentially the same slope as found after i.v. administra- 
tion of Gris (shown as the heavy solid line). This interpretation 
would require the definition of the postpeak curve as indicative of 
the apparent absorption rate of the drug with a half-life of approxi- 
mately 2 hr. Figure 5 includes plots of the 6-DMG excretion rate 
for the same experiments. The slopes of these curves during the 
same time interval are compatible with the previous interpretation 
of the blood data. This unusual pattern of absorption is similar 
to that of the oral administration of spironolactone (a drug of 
similar insolubility to Gris) to man (21) and was left unexplained 
by Levy (22). 


The prolonged slow absorption of Gris can be shown-by review 
of the urinary excretion rate data for the metabolite of Gris which 
are found in Table I1 and Figs. 5 and 6. If the absorption process 
stops at 8 hr., the excretion rate should be the same as that of 
the slow phase of excretion after i.v. dose of Gris (till = 3-4.8 hr. in 
the two dogs shown). However, it is clear from Figs. 5 and 6 that the 
apparent excretion rate is much slower. Indeed, the half-life of the 
processes contributing to the postpeak curves 8 or more hr. after 
administration of the drug ranges from 10 to 20 hr. The authors 
interpret this to mean that the absorption process is the rate-limiting 
step and continues for more than 30 hr. This finding is in agreement 
with the report of Gris absorption in man from this laboratory 
(12). 


The urinary excretion method described in this communication 
can serve as a convenient means of screening dosage form effects 
on a drug which is dissolution rate limited on the absorption. 
Thus, even though the blood data are of limited value due to slow 
absorption followed by rapid metabolism, the urinary excretion of 
the metabolite continues long after the drug is undetectable in the 
blood. 


Correlation between the Absorption and the Dissolution Rate- 
Dissolution rates of Gris in three solid dosage forms in the 18 1. 
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Figure 8-Correlation between dissolution rate and total 6-DMG 
excretion in 48 hours. 


of simulated intestinal fluid are shown in Fig. 7. An interesting 
correlation appears to exist between the in uitro dissolution rate 
d a b  and the in v i m  data discussed; namely, the cumulative urinary 
exfretion of 6-DMG in 48 hr. was found to correlate linearly with 
the logarithm of percent of Gris dissolved in 25 min. in the simulated 
intestinal fluid. This is shown in Fig. 8. It should be noted that 
similar correlation between the area under the blood concentration- 
time curve with the specific surface area of Gris powder (23) and 
the dissolution rates (24, 25) of Gris dosage forms in the simulated 
intestinal fluid have been reported in the past. The amount of 
data available to include in this plot is very minimal; it merely 
serves once again to point out in vivo-in uitro correlations can be 
established. 
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Synthesis of Some Glycidic Hydrazides and Amides 
as Potential Psychotropic Agents and Anticholinergic Agents 


REYNALDO V. SAENZ*, ROBERT G .  BROWN, E. I. ISAACSONt, and JAIME N. DELGADO 


Abstract 0 A series of glycidic hydrazides and amides was prepared 
by hydrazinolysis or aminolysis of glycidic esters obtained uia a 
modified Darzens condensation. The hydrazides thus obtained were 
subjected to suitable acylating or alkylating reagents to obtain N- 
substituted hydrazides. The results of a preliminary pharmacologi- 
cal evaluation are summarized. The synthesized compounds were 
tested for their ability to reverse reserpine hypothermia in mice. 
Compounds synthesized as potential anticholinergics were evalu- 
ated for their spasmolytic activity using isolated rabbit ileum. 


Keyphrases 0 Glycidic hydrazides, amides-synthesis 0 Hydra- 
zides, glycidic-synthesis 0 Amides, glycidic-synthesis 0 IR 
spectrophotometry-identity 0 Pharmacological screening-gly- 
cidic hydrazides, amides 


Appropriately substituted hydrazides and amides 
have been of interest to the medicinal chemist for 
various reasons. Monoamine oxidase-inhibitory hy- 
drazides have proved to possess dynamic pharma- 
cological properties ( i e . ,  antitubercular and/or anti- 
depressant properties). Amides that are analogous to  
bioactive esters (e.g., procaine versus procainamide) 
offer models for structure-activity analysis on the basis 
of the predicted greater metabolic stability of amides 
due to their greater resonance stabilization. 


Since the epoxide group affects the physicochemical 
properties (e.g., lipid-water partition coefficient) of a 
compound, this function might also influence pharma- 
cologic properties. Hence, it was decided to  prepare 
qP-epoxy hydrazides and amides for pharmacologic 
evaluation and to provide a basis for the study of the 
effect of the epoxide moiety on bioactivity. 


Literature reports and reviews (1-4) substantiate the 
utility and applications of the Darzens glycidic ester 
condensation. Consequently, this reaction was applied 
to  the synthesis of a,P-epoxy esters which, when exposed 
to hydrazinolysis and/or aminolysis, yield potentially 
active hydrazides and amides. 


a,P-Epoxy amides and hydrazides have been of 
interest to  the authors and others ( 5 )  as potential 
therapeutic agents. In appropriately substituted glycidic 
hydrazides, the presence of the epoxide function may 
.affect the distribution of compounds possessing mono- 
amine oxidase-inhibiting pharmacophores. In addition, 
the epoxide function may affect the susceptibility of 


such compounds to metabolic degradation. Conceivably, 
the drug-receptor interaction would be influenced as 
well, depending upon the degree of hydrolysis of the 
hydrazide linkage. Zeller (6) and others (7) have postu- 
lated that certain substituents play an important func- 
tion in the bioactivity of appropriately substituted 
hydrazine derivatives. Several basic structural features 
appear to  be associated with optimal monoamine 
oxidase inhibitory activity. These can be summarized 
as follows: (a) there should be at least one alkyl sub- 
stituent on the hydrazine moiety, and (b )  N-1 alkylation 
and N-2 acylation yield compounds with increased 
activity and decreased toxicity. On the other hand, di- 
substitution of either hydrazine nitrogen leads to in- 
active compounds. The alkyl and aralkyl substituents 
contribute to electronic, steric, and hydrophobic factors 
involved in the inhibitor-enzyme interaction, whereas 
the acyl moiety has been implicated as affecting the 
distribution and should be of such a nature that it can 
be easily hydrolyzed (8). Accordingly, the choice of the 
acyl moiety presumably is important with regard to 
tissue selectivity and susceptibility to metabolic cleavage 
to  yield the postulated active moiety. 


Since this work involves the synthesis of selected 
a,P-epoxy hydrazides as potential psychotropic agents, 
it is fundamental to the study of the effect of the epoxide 
function on absorption, distribution, and metabolic 
fate of hydrazine derivatives. 


Additionally, glycidic amides were prepared modeled 
after classical anticholinergic agents. Such compounds 
possessing the a,P-epoxy amide function, in addition to 
the potential ammonium group and appropriately 
positioned bulky, semirigid, and hydrophobic moieties, 
should exhibit anticholinergic spasmolytic activity; 
those without a potential ammonium function should 
be less active. Accordingly, it was decided to compare 
Compound X with the classic anticholinergic atropine 
as well as with the analogous amides: Compounds 
VII and VIII, which do not possess potential ammonium 
functions. The epoxide cycle should affect distribution 
as well as the receptor interaction ; hence, a,P-epoxy 
amides were chosen for this study. 


The compounds described herein were prepared by 
the application of the following reactions : Darzens 
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In Vitro Dissolution from Several Experimental 
Capsule Formulations 


JOSEPH C. SAMYN and WAN YIN JUNG* 


Abstract 0 The in vitro dissolution behavior of several experi- 
mental capsule formulations is presented. The first series of powder 
blends clearly demonstrated that the capsule lubricant, magnesium 
stearate, and the filler, lactose or dibasic calcium phosphate dihy- 
drate, had the greatest influence on the disintegrations of the capsules. 
Additional blends of these ingredients with an added drug were 
studied. In those instances where a slow dissolution was observed, 
thecapsulecontentscharacteristically remainedas a wet powder pack 
long after the gelatin wall had dissolved. The drug dissolution was 
thus limited by the rate of erosion, diffusion, and/or solution of the 
drug and/or filler from this wet powder mass. Auxiliary measure- 
ments of liquid penetration rates of the packed powders and water 
content and viscosities of the wet powder packs were performed. 
These data suggested that the high viscosities of several of these 
powder packs were due to their restricted water content arising from 
the added hydrophobic lubricant. 


Keyphrases 0 Capsules-in uirro dissolution 0 Formulation com- 
ponents, effect-capsule dissolution 0 Powder beds-liquid pene- 
tration rate IJ Disintegration, capsules-lubricant, filler effects 


Different dosage forms containing various drugs 
have been compared by several investigators (1-3). 
Reviews of the physical factors affecting drug avail- 
ability have been published by Wagner (4) and Nelson 
(5). Wood (6) has considered the in uitro evaluation 
of the tablet in some detail. The influence of granula- 
tion, granule size, compressional load, particle size, 
and the presence of surfactants, lubricants, and other 
tablet additions on in uitro drug availability have been 
studied (7-13). 


Capsule formulations have received considerably less 
attention than tablets, presumably because of their 
apparent simplicity and consideration as loose powders. 
Wood (14) pointed out that although the hard gelatin 
capsule is widely used in preliminary studies of a new 
drug, very little literature on drug availability, even in 
uitro, exists for this type of dosage form. He quoted the 
National Formulary XI1 (15) as follows: “Disintegra- 
tion time limits are not specified for capsules, since the 
shell dissolves rapidly in the gastrointestinal tract.” 


He further reported the release of aspirin from hard 
gelatin capsules to be irregular and showed a mean 
delay time of about 15 min. The importance of 
particle dispersion from tablets and capsules has been 
reported (16, 17). The failure of the capsule contents to 
disperse during in uitro testing has also been reported. 
Calesnick et al. (2) stated that during their study, 
“the contents of the hard gelatin capsule remained as a 
pasty mass for some time after the gelatin capsule had 
dissolved.” Aguiar et al. (18) reported a similar observa- 
tion in the in uitro testing of several generic chlor- 
amphenicol preparations. 


The method of assessing drug availability has also 
been the subject of much concern. The disintegration 
requirements of various official compendia have re- 
cently been reviewed and compared (19). Levy (20) 


and Steinberg (21) reviewed the medical literature and 
suggested that low agitation conditions should prevail 
in the in uitro dissolution studies. In addition, higher pH 
values than that of the USP simulated gastric fluid, 
pH 1.2, have also been reported in the stomach. Kuna 
(22) stated that the pH of the gastric juice of the human 
resting stomach is near neutral, pH 7.3. 


The present study is concerned with the influence of 
commonly used pharmaceutical adjuvants on disintegra- 
tion and drug dissolution from experimental capsule 
formulations. Capsule fillers employed were lactose 
and dibasic calcium phosphate dihydrate. The latter is 
water insoluble and acid soluble. Preliminary mixtures 
were made with different concentrations of talc, starch, 
and magnesium stearate. These preparations clearly 
indicated that the filler, lactose or dibasic calcium 
phosphate dihydrate, and the capsule lubricant, mag- 
nesium stearate, had the greatest influence on the dis- 
integration and dissolution characteristics. A low con- 
centration of a water-soluble dye was incorporated in 
these preparations to permit dissolution measurements. 


More typically, capsules are formulated to  contain a 
relatively high proportion of the drug moiety. There- 
fore, a second series of preparations were prepared in 
which a drug of moderate solubility and no dominant 
hydrophobic or hydrophilic characteristics was used as 
a test drug. It was incorporated at approximately two- 
thirds of the total capsule weight. The two capsule 
fillers, lactose and CaHP04.2H20, and the lubricant, 
magnesium stearate, which were the dominant factors 
in the first study were also added. 


As with the first series of powder blends, dissolution 
rates of capsules were measured. They were found to 
vary over a wide range. In those cases where the dis- 
solution rates were slow, the capsule contents charac- 
teristically remained as a “slug” of wet powder; i.e., 
after dissolution of the gelatin capsule walls, the powder, 
although wet, remained intact as one or a few large 
masses. Additional measurements of liquid penetration 
rates, water contents of the wet powder beds, and the 
viscosities of the wet powder beds were performed to 
aid in explaining this behavior. The data suggested that 
the wet powder beds remained essentially intact because 
of their high viscosities. It will be shown that these high 
viscosities resulted from a reduced amount of water in 
the wet bed due to the presence of hydrophobic mag- 
nesium stearate. 


MATERIALS AND PROCEDURES 


The capsule fillers used in this study were lactose USP No. 80- 
mesh powder and dibasic calcium phosphate dihydrate. The 
magnesium stearate, corn starch, and talc were each USP grade 
powders. 


level in the first portion of the study 
was F. D. & C. Red No. 1. The drug employed in the second 


The dye tracer used at 0.1 
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Table I-Powder Blends Studied Showing Disintegration Times for 
No. 2 Capsules Packed with These Powders 


Disintegration Time in HzO, min. 
(6  Capsules) 


-% Magnesium Stearate- 
0 1 2 5 


Lactose 5-6 8-12a 30-19a 21-3P 
Lactose-3 % talc 6-1 1 
Lactose-10 talc 7-10 13-1 8" 29-3 la 


CaHPOa. 2H20 8-12 >60c >60c >60b 
Lactose-10 % starch 10-13 10-150 


CaHPOi.2H90-10Y talc 10-15 
CaHPO;.2H&5%starch 10-12 >6OC 


a Capsule contents break up into small pieces which dissolve. * Cap- 
sule contents remain in capsule shape-powder does not wet. c Capsule 
contents remain in one or a few pieces which slowly dissolve or erode. 


portion of the study was approximately lOO-nlesh chemical (90z 
through a No. 100-mesh screen and 50% through a 200-mesh). 
Dissolution test media easily wetted the drug. A powder blend of 
the drug with lactose yielded a 90% dissolution value in less than 
5 min. under the test conditions employed. All of the powder mix- 
tures were prepared by blending and screening the various in- 
gredients. The low levels of magnesium stearate were added by 
serial dilutions. The No. 2 capsules were hand-filled to the desired 
weights. 


Drug dissolution was measured in the USP disintegration appara- 
tus without the use of disks. This is in keeping with the reduced 
agitation conditions suggested above and is essentially a return to 
the USP XV method (23). Test fluids employed were simulated 
gastric fluid (low pH) and water (neutral pH). All tests were run at 
37 3~ 1 '. One capsule was added to 800 ml. of the selected media at 
zero time. Five-milliliter samples were withdrawn as a function 
of time and rapidly filtered through a type HA 0.45-p Milliporel 
membrane held in a Swinney adapter. 


All dilutions were made with distilled water and the amount of 
drug in solution was determined by visible or UV measurement on a 
Beckman DU spectrophotometer. The data were converted to 
percent drug dissolved. 


The liquid penetration rate measurements and water contents of 
the various powder blends were determined by the method of 
Studebaker and Snow (24). A straight Plexiglas tube (1.25 cm. i.d., 
12 cm. length) open at both ends was filled with 4.0 g. of the in- 
dividual powder blends packed to a bulk density of 0.94 g . / ~ m . ~  
with the aid of the Fisher Sub-sieve SizerZ compaction apparatus. 
This represented the same bulk density as in a No. 2 capsule. 
The packed tube, free of the packing plugs, was mounted in a 
vertical position. Eight milliliters of distilled water was added to the 
upper surface of the bed at zero time. The rate of movement of the 
water interface through the packed bed was measured with the aid 
of a Gaerdner cathotometer3 except for the dibasic calcium phos- 
phate powder blends at high magnesium stearate levels. These 
readings were made with a scale held up to the powder bed because 
insufficient visual contrast existed between the wet and unwet 
portions of the powder when viewed through the cathotometer. 
The additions of the 0.1 % of a water-soluble dye to the first series 
of powder blends provided a clearer measure of the liquid interface 
since the dissolved dye migrated with the interface. Dye was not 
added to the second series of drug-filler-lubricant mixtures. These 
measurements were carried out a t  room temperature (no tempera- 
ture controls). The data have been plotted as the square of the 
distance of penetration uersus the elapsed time in agreement with 
the Washburn equation (25). 


The water contents of the wet powder beds were determined on 
the samples after the completion of the liquid penetration rate 
measurements. The wet powder beds were removed from the 
Plexiglas tubes and segmented. Portions were immediately weighed 
and reweighed after overnight drying to constant weight. The water 
content was calculated based on the difference. 


The comparative viscosities of the powder blends with varying 
amounts of water were measured with a Universal penetr~meter.~ 


1 Marketed by Millipore Filter Corp., Bedford. Mass. 
2 Fisher Scientific Co., Pittsburgh, Pa. 
3 Gaerdner Scientific Co., Chicago, Ill. 


Precision Scientific Co., Chicago, Ill. 
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Samples were prepared as follows: 40 g. of powder blend was 
mixed with 20 ml. of distilled water in a 250-ml. beaker. The wet 
mass was transferred to a glass conical container and packed to give 
a smooth surface. The penetrometer consisted of an inverted cone 
(30" and 90" double cone) and a rod with a combined weight of 
150 g. The apex of the cone was adjusted so as to  just touch the 
surface of the wet powder bed prior to release. The combined cone 
and rod assembly was allowed to free fall for a 5-sec. period into the 
wet mass. The depth of penetration of the cone was read in 0.1-mm. 
units on the attached scale. Several readings were made on each 
bed, remixing the wet mass and reforming the smooth surface each 
time. A portion of the wet powder bed was weighed, dried to con- 
stant weight, and reweighed to determine the water content; the re- 
mainder of the wet mass was mixed with additional water and the 
measurements repeated. By this procedure, a series of penetration 
measurements were obtained at various water contents. 


RESULTS AND DISCUSSION 
The first series of powder blends using lactose or CaHP04.2Hz0 


as the filler with varying quantities of talc, starch, and magnesium 
stearate are listed in Table I. The lactose blends were filled to 350 
mg.; the CaHP04.2Hz0 to 400 mg. In addition, disintegration 
times-range values for six capsules-are shown. The values varied 
from the rapid, 5-6 rnin., to the very slow or nondisintegrating 
capsule, greater than 60 min. Magnesium stearate has the greatest 
influence on the disintegration times. The filler, lactose or CaHP04. 
2Hz0, also appears to have a measurable effect on disintegration. 
The starch and the talc at the levels investigated in the blends with 
and without magnesium stearate did not markedly affect the dis- 
integration times. 


Dissolution data shown in Figs. 1 and 2 for several of these same 
blends confirm this interpretation. The physical nature of the wet 
capsule contents for several of these powder blends has been noted 
in Table I. The extended disintegration coincides with the observa- 
tions that the capsule contents either remain intact or break up 
into a limited number of wet powder masses. In one instance the 
compacted powder niass did not wet. This occurred with the Ca- 
HP04.2H20 plus 5 magnesium stearate blend. 


Additional liquid penetration rate measurements were performed 
on these same powder blends. Figure 3 shows the decreased pene- 
tration rates measured for the lactose-magnesium stearate systems. 
Figure 4 shows the relatively slight decrease in liquid penetration 
caused by the addition of starch up to the 10% level. Similar data 
were obtained with the lactose-talc blends. In blends containing 
magnesium stearate, the influence of starch or talc on the liquid 
penetration rate was not detectable. This was true for both the 
lactose and the CaHP04.2Hz0 systems. The data in Fig. 5 are for 
the CaHP04.2HzO-2z magnesium stearate blends with starch. 


This first series of experiments has shown that magnesium stearate 
has the greatest influence on the disintegration/dissolution behavior 
of the various capsule blends. The nature of the filler has also been 
shown to be of importance. 


The second portion of this study consisted of capsules prepared 
with a drug at a relatively high concentration (approximately 


100 L 
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Figure I-Dissolution of dye from capsufes of lactose-magnesium 
stearate. Key: X, 0% magnesium stearate: A, 2% magnesium stea- 
rate: 0 , 5 %  magnesium stearate. 
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Figure 2-Dissolution of dye from capsules (lactose + 2% magne- 
sium stearate). Key: A, 0% corn starch; 0, 3% corn starch; 0, 
10 % corn starch. 


two-thirds of total weight). The two fillers and the various 
levels of magnesium stearate found to be of importance 
in the first portion of the study were studied. The talc and starch 
were not included in these studies because of their apparently 
limited role. Dissolution behavior studies in both water and simulated 
gastric fluid were carried out. Disintegration times were noted in 
some of the figures. 


The dissolution behavior of No. 2 capsules filled with the drug- 
lactoseand drug-dibasiccalcium phosphatedihydrate blends in water 
and in simulated gastric fluids are shown in Fig. 6. The dissolutions 
were rapid in all cases and essentially the same for the two different 
dissolution media and the two capsule fillers. The influence of 2% 
magnesium stearate on these two blends is shown in Fig. 7. 


The slowest dissolution was observed for the drug-dibasic calcium 
phosphate-2z magnesium stearate system tested in water. This was 
due to the hydrophobic nature of the magnesium stearate and the 
insolubility of the calcium phosphate in the water. In simulated 
gastric fluid, this combination dissolved as fast as the comparable 
lactose system. In acid the dibasic calcium phosphate is soluble and 
the magnesium stearate is decomposed (26). The drug-lactose2 
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Figure >Liquid penetration of packed powder beds. Key: 
X ,  lactose; 0, lactose + 1 % magnesium stearate; 0, [actose + 
2% magnesium stearate; A, lactose f 5 %  magnesium stearate. 
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Figure &Liquid penetration of packed powder beds. Key: X , lac- 
tose; 0, lactose + 3% corn starch; A, lactose + 10% corn starch. 


magnesium stearate system also showed a difference in dissolution 
rate when tested in gastric fluid and water. The release in water, 
although slowed, was faster than the comparable dibasic calcium 
phosphate system. This probably was due to the water solubility 
of the lactose which permitted a faster erosion of the wet powder 
mass. 


The magnesium stearate was further increased to -5% in both the 
lactose and dibasic calcium phosphate blends. In water these sys- 
tems failed to wet after dissolution of the capsule walls. The powder 
remained as an essentially dry powder pack. Therefore, under these 
conditions, 5 % magnesium stearate prevented dissolution when 
tested in water. In simulated gastric fluid, the powder beds did wet 
but remained as a wet mass during the dissolution process with 
erosion and dissolution slowly occurring. Figures 8 and 9 show the 
pronounced effect of this higher level of magnesium stearate with 
both fillers, even in simulated gastric fluid. 


Figure 10 gives the dissolution data obtained in simulated gastric 
fluid by increasing the packing density in the No. 2 capsule with 0 and 
5 %  magnesium stearate formulations (356 mg. versus 400 mg.). 
The data indicate that the packing density did not influence the 
dissolution rate in the absence of magnesium stearate. For the 5% 
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Figure 5-Liquid penetration of packed powder beds. Key: X, 
CaHP04.2Hz0 f 2% magnesium stearate; A, CaHPOa'2Hz0 + 
5%cornstarch; [3, CaHP04.2HzO + lO%cornstarch. 
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left, drug-lactose, no magnesium stearate; right, 
drug-CaHPOr. 2H20, no magnesium stearate. Key: 
X , simulatedgastricjhid; 0, water. 
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magnesium stearate samples, the 50% dissolution value did increase 
for both systems with increasing packing density; the dibasic 
calcium phosphate system showed the greatest increase of the 50% 
dissolution time, changing from about 7 min. to 23 min. 


The behavior of the capsule blends shown in Fig. 6 indicates 
that the wettability and solubility of the drug used were adequate 
for rapid dissolution under these test conditions. In the majority 
of the systems in which the dissolution rate was slowed, the capsule 
contents-even after solution of the gelatin capsule walls-remained 
as an intact wet powder mass. Occasionally, this wet powder mass 
would break into more than one fragment. However, the dissolution 


12 16 


was still essentially occurring from a very limited surface area. 
Because of these observations on the wet powder mass, further 
examination of the liquid penetration rates of the powder blends 
and water contents and viscosities of the wet powder beds were 
undertaken. 


Due to  the very limited size of the packed powder beds in an 
actual capsule, the measurements of liquid penetration, water con- 
tent, and viscosities could more readily be carried out on larger 
samples of these powder blends. Using the method of Studebaker 
and Snow (24), the powder blends were therefore packed into open- 
ended cylindrical tubes for measurements. This method provided 
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Figure 7-Dissolutiorz of drug from capsules: left, drug-lactose-2 
stearate. Key: XI simulatedgastricJluid; 0, water. 
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magnesium stearate; right, drug-CaHPOc .2H20-2 % magnesium 







n 3 100 


z 80- 


9 90- 
+ 
3 
0 60- z 
a 50- 


3 40- 
5 30- 


z 70- 


J 


LL g 20- 


+ 10- 
g o  


I 


large samples, controlled packing density, and permitted measure- 
ments of penetration rates and water content of the wet powder 
beds. 


The liquid penetration rates of the various drug-lactose and drug- 
dibasic calcium phosphate with magnesium stearate blendsare shown 
in Figs. 11 and 12, respectively. The data were plotted as the square 
of the depth of liquid penetration uersus time (25) .  From these 
figures, decreased liquid penetration rates are seen with increasing 
magnesium stearate levels. The dissolution data on some of these 
systems were shown in Figs. 6-9. It is clear that extended dissolution 
rates are obtained with powder blends that show reduced liquid 
penetration rates. 


During these liquid penetration measurements, it was observed 
that the wet powder beds varied quite widely in viscosity when 


- 


I I I I ! u.1 ! I I I I I 


-I w 
LL 
g 40 


20 


100 
n 
3 90-  
a 
W 


LL 
$ 80-  


5 70-  
3 


60- 
4 
J 50- 
4 
0 $ 40-  
LL 


I 
30- 


I- 20- 
8 


10 


P 


- 


- 


0 
0 2 4  6 


TIME, min. 


01 I ' I ' 1  ' 1 ' # 


0 2 4 6 8 10 12 14 16 18 
TIME, rnin. 


Figure l)--Dissolutioti of' drug from capsules i i i  siinirlutc4 gasl ric 
f(uid(drug-CuHPO4~2Hn0-magiiesi~iin steurute). Key:  X, 0% tilug- 
tresium steuratc; D, Q, 2 % mugtiesiuni stcwrrtte; 0, 5 niugirc,siliill 


steurute. 


extruded from the Plexiglas tubes. Some of the wet compacted 
powders were thick pastes while others were quite fluid,almost tothe 
point of flowing. Since many of the capsule blends remained intact 
long after the gelatin shells had dissolved, it would appear that 
these observations might also contribute to the prolonged dissolu- 
tion rate measured. 


Therefore, after completion of the liquid penetration experi- 
ments, the wet powder plugs were extruded from the tubes and 
segmented into two portions. The quantities of water present were 
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Figure 11-Liquid penetrurion of packedpowder beds (drug-luctose- 
magnesium stearate blends), Key: X , 0% magnesirrm stearate; 
0, 1 %  magnesium stearate; 0, 2% magnesium stearate; m, 5 %  
magnesium stearate. 


cetermined and are shown in Fig. 13. It can be seen that the water 
dontent did decrease with the added magnesium stearate level. 
Qualitatively, the physical appearance of the wet powder beds 
varied from a semifluid mass (no magnesium stearate) to a stiff 
paste ( 5 %  magnesium stearate) for both the lactose and dibasic 
calcium phosphate systems. 


Comparative measurement of these viscosity changes with 
variable water content in the powder blends was carried out with a 
penetrometer. Three systems were checked: (a)  drug-lactose-2 
magnesium stearate; (b) drug-CaHPOc. 2H20; and ( c )  drug- 
CaHP04. 2H20-2z magnesium stearate. Figure 14 shows the 
depth of cone penetration versus the amount of water in the powder. 
The samples low in water were more rigid and the depth of pene- 
tration was less than in the more fluid samples. The two CaHP04--  
2H20 samples tested (with and without 2 % magnesium stearate) 
described the same curve. This would suggest that the magnesium 
stearate affected the viscosity of the wet powder bed solely by limit- 
ing the water content in the bed. 


At any given water content, the lactose-based capsule blend 
would appear to be more fluid than the CaHP04.2Hi0 blend. 
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Figure 12-Liquidpenetration of packedpowder beds (drug-Ca HPOa. 
2H~O-niagnesi~1m stearate blends). Key: X , 0 % magnesium stearate; 
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segment ofbed. 


This may be due to partial solution of the lactose or other factors 
such as particle size and shape. 
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Figure 14-Penetrometer measurements of powder beds containing 
varying quantities of water. Key: 0, drug-k1ctose-2 magnesium 
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drug-CaHPO4.2H20-2z magnesium stearate. 
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Although these data clearly showed that the comparative vis- 
cosity decreased with added water as would be expected, the actual 
differences in viscosity between the various systems were felt to be 
greater than the numerical differences in the penetrometer readings. 
This is because the probe used for the measurements was an in- 
verted cone and at greater penetrations, a greater cross section of 
the cone would contact the sample. Therefore, for greater penetra- 
tion, a larger portion of the sample would support the load and 
prevent further penetration. A better estimate of the difference in 
relative viscosity of these samples would take into account this 
change in effective contact area of the probe with the sample. 
Considering this aspect, it would then be estimated that the sample 
with 27.5 water would be over 200 times as viscous as the sample 
with 48.5% water. From Fig. 14, the 5x magnesium stearate 
sample would therefore approximately correspond to the 27 
water sample while the drug-CaHPO4.2Hz0 behaved like the 4 8 x  
water sample. 


The combined interpretation of Figs. 13 and 14 would suggest 
that magnesium stearate did reduce the water content in the powder 
bed and that this, in turn, yielded a wet powder blend of high vis- 
cosity. Dissolution of the drug would then be slowed due to the 
limited area of contact between the wet powder mass and the fluid. 
Dissolution would proceed by mechanical erosion, diffusion, and/or 
solution of drug and filler. I r z  uiuo it would seem these powder 
masses might remain intact for a considerable time if the agitation 
conditions are indeed low. In addition, an in vivo pH near neutral 
would favor stability of the wet powder mass. 
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Hydrolysis of Lincomycin-%phosphate and Clindamycin-2-phosphate 


T. 0. OESTERLING and E. L. ROWE 


Abstract The aqueous stabilities of lincomycin-2-phosphate and 
its 7-deoxy-7(S)-chloro analog, clindamycin-2-phosphate, were 
studied at a variety of temperatures and pH values. The predomi- 
nant degradative routes of lincomycin-2-phosphate in the pH range 
1-10 are thioglycoside and phosphate ester hydrolysis, and pH-rate 
studies show that it is most stable at pH 6-10. Clindamycin-2- 
phosphate degrades by three major routes from pH 1 to 10 with 
phosphate ester and thioglycoside hydrolysis predominating at pH 
less than 6 and scission of 7(S)-C1 to form the 7(R)-OH analog 
predominating at pH greater than 6. The rate of 7(S)-C1 to 7(R)-OH 
conversion was obtained using gas chromatography to measure the 
disappearance of clindamycin in reaction mixtures prepared under 
identical conditions as clindamycin-2-phosphate reaction mixtures. 
Rates of phosphate ester hydrolysis of the two compounds were 


measured by spectrophotometric determination of the amount of 
inorganic phosphate formed in reaction mixtures as a function of 
time. Apparent first-order rate constants of phosphate ester hy- 
drolysis as well as activation energies (32.1 kcal./mole for lincomy- 
cin-2-phosphate and 32.9 kcal./mole for clindamycin-2-phosphate) 
agree favorably. The rate of lincomycin-2-phosphate hydrolysis in a 
formulated pediatric syrup at room temperature agrees favorably 
with extrapolated rates from high temperature hydrolysis in simple 
solutions. 
Keyphrases Lincomycin-2-POr-hydrolysis kinetics 0 Clinda- 
mycin-2-P04-hydrolysis kinetics 0 Stability-lincomycin-, clinda- 
mycin-2-P04 aqueous solutions pH effect-lincomycin-, clinda- 
mycin-2-P04 hydrolysis rates Colorimetric analysis-spectro- 
photometer 


The antibiotics lincomycin and clindamycin are disadvantages such as bitter taste or poor absorption in- 
herent in the parent molecule. The derivatives must 
possess the same activity as the parent compound or be 
rapidly reverted to parent in Dim. Lincomycin has a bit- 
ter taste which is difficult to mask in pediatric liquid 
formulations. The Cz phosphate ester of lincomycin 


highly effective in the treatment of infections caused by 
Gram-positive organisms (1, 2) and clindamycin pos- 
sesses marked antiplasmodial activity as well (3). At times 
it is desirable to make derivatives from compounds such 
as lincomycin and clindamycin in order to circumvent 
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Estimation of Steroid Solubility: Use of Fractional 
Molar Attraction Constants 


J A. OSTRENGA and C. STEINMETZ 


Abstract 0 The fractional molar attraction constant up), an em- 
pirical constant related to  the solubility parameter, was defined and 
chosen to  be related to  the solubilizing capacity of solvents for a 
given steroid because it was thought to assess the relative polarity 
of solvent molecules. Experimental solubilities for two steroids 
are reported which indicate that f, may be a useful parameter for 
solubility estimations. 


Keyphrases 0 Steroid solubility-estimation 0 Fractional molar 
attraction constants-steroid solubility 0 X-ray diffraction- 
identification 0 Scintillometry-analysis 


The solubility of a drug in one or more components 
of a pharmaceutical dosage form is valuable informa- 
tion which can be used to  characterize its behavior in 
such a physical system. The solubility is usually not 
difficult to determine and often it is one of a few physical 
parameters readily available to the formulator which 
can aid him in the design of suitable dosage forms. 
This is particularly true in the case of topical dosage 
forms and where the solubility of the active ingredient 
can be related to phenomena such as thermodynamic 
activity, vehicle release rate, dissolution rate, and ap- 
parent penetration rate. 


THEORETICAL 


Methods or techniques for estimating or predicting the solubilities 
of drugs in various pharmaceutical solvents have obvious practical 
implications. One of the most useful concepts has been that of the 
solubility parameter (6) as defined by Hildebrand and Scott (1) 
in Eq. 1 for nonelectrolytes: 


(Eq. 1) 


where E is the molar cohesive energy, V the molar volume, and F 
the molar attraction constant (2). It was originally derived for 
regular solutions (4H>O) where a good solvent for a given solute 
has a 6 value close to that of the solute according to 


A G m  = V&q& (61 - 62)' - TASm 


where 4G, is the free energy of mixing, T the absolute tempera- 
ture, S, the entropy for mixing, V,,, the volume of the mixture, 
and 9 the volume fraction of component 1 or 2. This requirement 
corresponds to fulfilling the thermodynamic condition that 4G, 
be large and negative for good mixing. Burrell (3) has explored its 
potential for application in the paint and polymer coatings industry. 
The main limitation, however, has been that the solubility param- 
eter concept is strictly applicable only to nonpolar systems where 
dispersion or London forces are predominant and other forces 
such as those related to hydrogen bonding and polarity are absent. 
In attempting to increase its applicability, these other forces and 
their effects have been considered by Burrell (4) and Gardon ( 5 )  
and have proven to be worthwhile efforts. 


In the case of steroids one encounters a somewhat specific solu- 
bility problem regarding prediction or estimation. The solubility 
parameter is not very useful for estimating the solubilizing ca- 
pability of solvents for steroids because the circumstances are such 
that certain assumptions associated with 6 are no longer valid; 
namely, that the solutes are crystalline, and specific interactions 
become highly significant in defining the solubility characteristics 


6 = (E/V)'/Z = (EV')'/2JV = F/V 


(Eq. 2) 


(both of these conditions tend to make AH < 0). For steroids one 
finds that a proper hydrophilic-hydrophobic balance on the part of 
the solvent is associated with good solvent properties. That is, 
steroids are relatively insoluble in nonpolar solvents such as hexane 
and very polar solvents such as water but have appreciable solu- 
bility in solvents with partial polarity. This realization suggested 
that what is required is a parameter which assesses the fraction of 
the solvent molecule which can participate in the solubilization of a 
steroid and thereby hopefully place solvency on a common scale. 
This notion led to the defining of an empirical quantity called the 
fractional molar attraction constant cf,). That is, since the presence 
of certain functional groups (e.g., esters, ketones, ethers, alcohols) 
play a critical role in governing the solubility capacity of solvents 
for steroids and since apparently the relative abundancies of these 
groups are also important, the separation of 6 into two components 
was considered according to Eqs. 3 and 4: 


6 6, + 6, = (Fp + Fn)/V 0%. 3) 
6, = F,/V; 6, = Fn/V (Es. 4) 


where 6, and 6, are the contributions made to 6 by participating 
and nonparticipating functional groups, respectively. F, and F, 
are similarly defined for F; that is, Fp is the sum of F for all par- 
ticipating groups in the solvent molecule and F, is the corresponding 
sum for all nonparticipating groups ( F  = Fp + F"). The fractional 
molar attraction constant then was defined as in Eq. 5. 


(Eq. 5 )  


In order to demonstrate the possible usefulness of f p ,  the solu- 
bilities of two steroids in various solvents were determined at 25". 
The steroids employed in this report were fluocinolone acetonidel 
and fluocinolide.2 


EXPERIMENTAL 


f, = &I6 = FpKFp + Fn) = FpIF 


Materials-Cellosolve acetate,karbitol acetate,3 n-butyl carbitol,3 
glyceryl t r ia~etate ,~ methyl cellosolve a ~ e t a t e , ~  ethylene glycol di- 
acetate, 3 isopropyl myristate,4 cellosolve solvent, methyl cello- 
solve,3 diethylene glyc01,~ propylene glyc01,~ Ucar solvent LM,3 1,4- 
butanediol, polyethylene glycol 400, carbitol,3 propylene carbon- 
ate,6 toluene (scintillation grade): PPO? POPOP,? dioxane (scintil- 
lation grade)? naphthalene: fluocinolone acetonide, and fluocino- 
lide were used as received. All other materials were of analytical 
reagent grade. 14C-labeled (acetonide label) steroids were used in 
all determinations and were provided by the Institute of Organic 
Chemistry, Syntex Research, Palo Alto, Calif. The radioactive purity 
was checked by developing a radioactive sample on a TLC plate 
with chloroform-methanol (95:5 for the acetate and 100:5 for the 
alcohol) and then scanning on a Vanguard model 880-D glass 
plate scanner. These radiochromatograms indicated that the purity 
was 298 %. 


Solubility Determinations-Solubilities were determined in the 
various solvents in duplicate by one of two methods. In the first 
method, anexcess quantity of radioactive steroid with known spe- 


6a, 901-Difluoro-l1& 1601, 1701, 21-tetrahydroxy-1,4-diene-3,20- 


2 601. 9a-Difluoro-llB. 16a. 17a. 21-tetrahvdroxv-1. 4-diene-3.20- 
dione 16, 17-acetonide. 


I - I  


dione 16, 17-acetonide 21-acetate. . 
3 Union Carbide Chemicals Co., New York, N. Y. 
4 General Aniline and Film Corn.. N e w  York. N. Y. 
6 Jefferson Chemical Co., Inc., Houston, Tex.' 
6 Matheson, Coleman & Bell, Div. Matheson Co., Inc., Norwood, 


nhin 
7 Arapahoe Chemicals, Div. Syntex Corp., Boulder, Colo. 
8 Baker Analyzed Reagent Grade from J. T. Baker Chemical Co., 


Phillipsburg, N. J. 
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Table I-Solubilities of Phase I Fluocinolone Acetonide (Compd. A) and Fluocinolide (Compd. B) in Various Solvents at 25" 


-Solubility (mg./ml.) at 25' 7 


-------Compd. A~ -------Compd. B-- 
Solvent f P  Exp. Calcd. Exp. Calcd. 


Isopropyl myristate 0.109 0.80" 0.71 0.14 0.16 
n-Amy1 acetate 0.244 8 . 6 9  11.71 3.35 2.82 
n-Butyl carbitol 0.289 51.84 21.09 5.95 5.14 
Carbitol acetate 0.292 17.66 21.86 5.75 5.33 
Cellosolve acetate 0.315 16.39 28.44 9.01 6.98 


8.W 8.23 Polyethylene glycol 400 0.330 - - 
Methyl cellosolve acetate 0.352 43.03 41.83 9.75 10.36 


43.51 7.80 10.78 
14.0b 11.67 


Ethyl acetate 0.356 20.77 
Carbitol 0.364 - 
Cellosolve solvent 0.392 82.26 60.80 11 .44 15.18 
Ucar solvent LM 0.416 118.5 107.5 13.55 32.62 
Methyl cellosolve 0.451 66.87 48.82 18.99 12.16 


14.0 9.55 Propylene carbonate 0.460 
Ethylene glycol diacetate 0.412 16.97 31.29 5.28 6.97 
Glyceryl triacetate 0.498 24.42" 18.53 2.96 3.62 
1 ,CButanediol 0.508 14.55" 15.26 - - 
Diethylene glycol 0.538 8.205 - 8.71 1.95 1.41 


0.69 0.41 Propylene glycol 0.595 
Water 1 .000 0.021 0.020 0.00053 


- 


- - 


- - 
0.00072 


a The most stable phase is the clathrate; values for the solubility of Phase I were obtained by extrapolation (see text). b Values obtained by extrap- 
olation to 100% of solvent in a plot of log solubility uersus percent solvent in water. 


cific activity was added to approximately 10 ml. of each solvent in a 
culture tube. The preparations were capped, sealed with rubber tape, 
and agitated on a Vibro-Mixer9 at 25" in a thermostated bath 
until equilibrium was attained (2-5 days). All preparations were 
protected from the light. The only difference in the second method 
was that prior to agitation the preparations were heated to 60" to 
aid solubilization. Equivalent results were obtained by the two 
methods. Samples were withdrawn at appropriate times and passed 
through a suitable Gelman Metricel filterlo (13 mm., 0.2~). One 
milliliter of each filtrate was then analyzed on a liquid scintillation 
counter. Upon termination of the solubility experiments, the excess 
steroid was collected from each preparation by filtration and 
dried. X-ray powder diffraction patterns using copper & radia- 
tions on a Stoe Weissenberg goniometer system with a 57.3-mm. 
diameter camera were obtained on each dried sample as a means for 
identifying the polymorphic phase at equilibrium. 


Radiochemical Assays-The specific activities of the radio- 
chemicals were 20.7 mc./mmole for both steroids. Samples of the 
filtrates for each solvent were assayed for steroid utilizing a Nu- 
clear Chicago Unilux ll liquid scintillation counter. One-milliliter 
samples were mixed directly with either 15 ml. of scintillation 
fluid consisting of 13 g. of PPO (2,5-diphenyloxazol), 0.26 g. of 
dimethyl POPOP (1,4-bis-2-[4-methyl-5-phenyloxazolyl] benzene), 
208 g. of naphthalene, 0.6 1. of methanol, 1 1. of dioxane, and 1 1. 
of toluene or 10 ml. of scintillation fluid consisting of 4 g. of POP, 
0.1 g. of dimethyl POPOP, and 1 1. of toluene. The extent of quench- 
ing was determined from a channels ratio analysis utilizing a stan- 
dard quench correction curve which included the correction factor 
for counter efficiency. The steroid content for each sample was 
calculated from the known specific activities and the disintegra- 
tions per unit time as obtained from the standard correction curve. 


RESULTS 


The solubilities of Phase I fluocinolone acetonide (A) and Phase 
I fluocinolide (B) at 2.5" in the various solvents are given in Table I 
and correspond to the mean value of two determinations. Solvents 
were chosen so as to give a wide range off, values. In the case of 
B, X-ray diffraction powder patterns of the steroid before and after 
equilibration indicated that no polymorphic conversion had oc- 
curred in any of the solvents. In the case of A, however, a poly- 
morphic conversion to the clathrate was detected in five solvents 
(Table I). In these instances the solubilities for Phase I were ob- 
tained by extrapolation of a plot of solubility versus time (t) to 
t = 0 where such plots correspond to experiments employing pure 


Chemapec Corp., Hoboken, N. J. 
lo Gelman Instruments Inc., Ann Arbor, Mich. 


Phase I as the starting material. Consequently, the reported values 
in these instances are approximations. 


The f ,  values for the various solvents in Table I were calculated 
according to the definition cf, = FJF = Fpf6V). F, values were 
calculated from structure alone by summing the F values corre- 
sponding to each participating group present in the solvent 
molecule (esters, ethers, alcohols). Such group F values for many 
functional groups have been reported by Small (6). It should be 
pointed out that for diols such as ethylene glycol, propylene glycol, 
etc., the value of F for a single OH group is 275 as calculated from 
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Figure 1-Apparent linear relationship between log solubility and 
log fp for jluocinolone acetonide (0) and fluocinolide (A) in various 
solvents at 25". * Coordinares for data point (water) which did not fit 
on axes. 
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F = 6 V for the whole molecule and subtracting the reported values 
for the other groups, while for monofunctional alcohols such as 
carbitol, cellosolve, etc., the corresponding value is 325 (7). To 
obtain F = 6V, 6 values taken from the technical literature of the 
supplier or from Reference 2 were used and molar volumes ( V  
= p/mol.wt.) were obtained utilizing densities ( p )  at 20” from the 
technical literature of the supplier or Reference 8. In a few in- 
stances where 6 values were not available, F was calculated in the 
same manner as F,. Fractional molar attraction constants so 
calculated are included in Table I for each solvent. 


The solubility data for both steroids were found to be related 
to the calculated f, values of the solvents and an optimum value of 
f, was evident. For a log solubility-log f ,  correlation the relation- 
ship appeared to exhibit linearity separately on each side of a max- 
imum for both steroids. These empirical relationships are shown in 
Fig. 1 along with the calculated regression lines. Linear equations 
as determined by the method of least squares which best fit the 
plots in Fig. 1 are for A 


r I I  


l o g s  = 3.474log.6, + 3.197 0.939 9 (Eq. 6) 
l o g s =  -9.773log.f,- 1.691 0.994 7 (Eq.7) 


and for B 


l o g s  = 3.55410gf, + 2.627 0.989 10 (Eq. 8) 
log S = -12.215 logf, - 3.139 0.990 8 (Eq. 9) 


where n is the number of data points. The correlation coefficients ( r )  
indicated a high degree of linearity for the apparent relationships 
cited. Solubilities have been calculated employing Eqs. 6-9 and are 
included in Table I for comparison with the experimental values. 
A linear correlation between calculated and experimental values 
gave r = 0.916 at p = 0.01 for A and r = 0.732 at p = 0.01 for B. 
This result indicated that the relationship is significant but that 
much of the deviation is masked by the log-log relationship. A 
relationship between solubility for f ,  is apparent, however, from 
linear plots. Perhaps a more meaningful and practical use of this 
relationship can be obtained by graphical estimation from linear 
plots and an empirical log-log relationship need not be forced or 
assumed. 


Fractional molar attraction constants were defined with the inten- 
tion of placing the solubilizing capability of solvents on a common 
scale in order hopefully to assess the importance of specific inter- 
actions and their relative abundance in various solvents. For 
strictly nonpolar solvents such as heptane, F, = 0 and.f, = 0, while 
for a strictly polar solvent such as water, F, = F and f ,  = 1. It can 
be shown that F values are additive on a molar basis (6, 9). They 
are at best only approximately additive on a constitutive and/or 


atomic basis but nonetheless the limited additivity of F can be 
useful in calculating the value of F for solvent molecules if certain 
limitations and rules are recognized (7). Equations 6-9 indicate 
the maximum solubility occurs at approximately the same solvent f ,  
value for A and B (0.428 and 0.431, respectively). Thus, the solvents 
studied are effective in solubilizing both steroids, the difference being 
the magnitude of their effect. An optimum in a plot of solubility 
versus f, is in agreement with the notion that a proper hydro- 
phobic-hydrophilic balance is required for good solvent properties. 


The described techniques and relationships may be useful in 
estimating the solubilities of test compounds in additional solvents, 
once limited solubility data have been obtained. It should be pointed 
out that solubilities obtained utilizing these relationships can give 
predicted values which are substantially in error. Nonetheless, the 
relationships can be used to aid in the choice of solvents in appro- 
priate situations and should find application in formulation work. 
In addition, it is anticipated that these relationships will be appli- 
cable to semisolid systems such as creams and ointments where 
solubility determinations are experimentally impractical or very 
difficult. Since the solubility of a topical drug in pharmaceutical 
solvents is necessarily required for the intelligent design of efficacious 
creams and ointments, additional methods for estimating solubility 
are an asset to the formulator. 


REFERENCES 


(I )  J. H. Hildebrand and R. L. Scott, “The Solubility of Non- 
Electrolytes,” 3rd ed., Dover Publications, New York, N. Y., 1964, 
p. 129. 


(2) J. Brandrap and E. H. Immergut, “Polymer Handbook,” 
Interscience, New York, N. Y., 1966, p. IV-341. 


(3) H. Burrell, Ofic. Dig. Fed. Soc. Paint Techno/., 27 (369), 
726( 1955). 


(4) H. Burrell, E.A T.I.P.E.C., 21 (1962). 
( 5 )  J. L. Gardon, J. Paint Technol., 38,43(1966). 
(6) P. A. Small, J.  Appl. Chem., 3, 71(1953). 
(7) J. A. Ostrenga, J.  Pharm. Sci., 58, 1281(1969). 
(8) C. D. Hodgman et al., Eds., “Handbook of Chemistry and 


Physics,” 44th ed., The Chemical Rubber Publishing Co., Cleveland, 
Ohio, 1961. 


(9) J. A. Ostrenga, J. Med. Chem., 12, 349(1969). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 13, 1969, from Sytttex Research, Institute of 
Pharmaceutical Sciences, Stan ford Industrial Park, Palo Alto, CA 
94304 


Accepted for publication October 10, 1969. 


416 Journal of Pharmaceutical Sciences 








Stabilization of Homatropine Methylbromide-Iodobismuthate 
Complex in Solution for Quantitative Analysis 
of Homatropine Methylbromide 


S. AHUJA, D. SPIEGEL, and F. R. BROFAZI 


Abstract 0 The colorimetric reaction between homatropine methyl- 
bromide (HMB) and the Dragendorff reagent was investigated as a 
means of quantitative analysis for HMB. The reaction was found 
to be unstable under normal laboratory lighting conditions. Sta- 
bilization of the colorimetric reaction was achieved by the addition 
of methanol to an acetone solution of the HMBiodobismuthate 
complex in the ratio of 1 : 1. The stabilization was accompanied by a 
hypsochromic shift from 474 to 382 mp. The stabilized colorimetric 
reaction follows the Beer-Lambert law in the range of con- 
centrations of HMB studied for this investigation. The sensitivity 
of the method was found to be 0.1 mg. of HMB under the experi- 
mental conditions described. However, with slight modifications. 
this method should be useful for much smaller concentrations of 
HMB. 


Keyphrases 0 Homatropine methylbromide analysis-reaction 
mechanism 0 Iodobismuthate complex stabilization-homa- 
tropine methylbromide analysis 0 Colorimetric reaction-sta- 
bilization 


For many years, the Dragendorff reagent has been 
used as a qualitative test reagent for alkaloids. However, 
it is only recently that the applications of this reagent for 
quantitative analysis have been reported (1-4). Pfordte 
(1) used the Dragendorff reagent, as modified by 
Trabert ( 5 ) ,  in the paper chromatographic analysis of 
atropine, hyoscyamine, and scopolamine. The orange- 
colored alkaloid spot was eluted from the sprayed paper 
chromatographic strips with acetone, and the absorbance 
of this solution was measured at  400 mp, because the 
maximum at 475 mp faded quickly. Paris and Saint- 
Firmin ( 2 ,  3) employed a thin-layer chromatographic 
method instead of the paper chromatographic method 
for quantitative analysis of hyoscyamine and scopol- 
amine bromide with the Dragendorff reagent, as modi- 
fied by Trabert (5). They used 365 mp as the analytical 
wavelength and noted that the colorimetric solutions 
were stable in the dark for 30 min. ( 2 )  to several days (3) .  


The present investigation was initiated with the ob- 
jective of studying the colorimetric reaction of homa- 
tropine methylbromide and the Dragendorff reagent as 
a means of quantitative analysis for homatropine 
methylbromide (HMB). In the earlier stages of investi- 
gation, it was discovered that the colorimetric reaction 
was unstable, so efforts were made to  stabilize the 
colorimetric reaction in order to  achieve a more reliable 
method of analysis. 


EXPERIMENTAL 


Reagents-Acetone and methanol, spectroquality, Baker; homa- 
tropine methylbromide NF; 5 sulfuric acid; Dragendorff reagent, 
as modified by Munier and Macheboeuf (6). Ten milliliters of 
glacial acetic acid and 40 ml. of water are added to 850 mg. of 
bismuth subnitrate. To 40 ml. of this slurry, 40 ml. of 40% aqueous 
potassium iodide solution, 125 ml. ofglacial acetic acid, and 250 ml. 
of water are added. 


Table I-Stability of HMBIodobismuthate Complex in Solution 


Solvent 
Acetone : A,,,. Absorbance at Indicated Time, min. 
Methanol (mp) 0 15 30 60 


1oo:o 474 0.438 0.453 0.406 0.260 
90:lO 464 0.448 0.420 0.276 0.199 
80 : 20 459 0.420 0.400 0.350 0.295 
70 : 30 449 0.351 0.329 0.301 0.285 
60:40 380 0.497 0.500 0.502 0.634 
50 : 50 382 0.505 0.503 0.502 0.501 
4o:m 383 0.492 0.488 0.487 0.487 
30 : 70 387 0.460 0.427 0.449 0.756 


Method-An accurately weighed amount of homatropine methyl- 
bromide was dissolved in distilled water to yield a 0.25-mg./ml. 
solution. Five milliliters of this solution (equivalent to I .25 mg. of 
homatropine methylbromide) was transferred to a 100-ml. beaker, 
and 2 drops of 5z sulfuric acid and 1 ml. of freshly prepared 
modified DragendorfF reagent were added. The resulting precipitate 
was allowed to stand for 1 hr. to facilitate filtration. (The precipita- 
tion is quantitative and cannot be readily extracted into any of the 
common immiscible organic solvents; therefore, filtration is used.) 
The precipitate was filtered through a fine-porosity sintered-glass 
funnel with the aid of vacuum. The precipitate was dried by suction 
and dissolved in acetone directly in the sintered-glass funnel and the 
solution was collected in a 50-ml. volumetric flask containing a 
known volume of methanol. The volume was made up with acetone. 
The resulting solutions were scanned with a recording spectro- 
photometer' in I-cm. cells. 


RESULTS AND DISCUSSION 
The Dragendorff reagent, as modified by Munier and Macheboeuf 


(6), was used for this investigation. This reagent iscommonly used in 
these laboratories as a spray reagent for TLC plates (7) and in that 
respect, it is similar to that used by previous workers (1-3). 


The reaction product of an alkaloid and the Dragendorff reagent 
has been called alkaloid-iodobismuthate complex (1, 8, 9) and will 
be so referred to in this paper. The HMB-iodobismuthate complex 
is obtained as an orange precipitate when HMB is reacted with the 
Dragendorff reagent, as modified by Munier and Macheboeuf (6). 
This precipitate, when solubilized in acetone, yields an orange- 
colored solution with a maximum at 474 mp. Due to some change in 
the iodobismuthate complex, the absorbance at 474 mp decreases 
rapidly with a resulting shift of the maximum to 362.5 mp. From in- 
vestigations in these laboratories, the stability of the maximum at 
362.5 mp under regular laboratory lighting conditions, appears to be 
questionable. [The complex obtained with Dragendorff reagent, as 
modified by Trabert (5), was also found to be unstable.] Therefore, 
stabilization of the iodobismuthate complex was considered desir- 
able so that quantitation could be achieved by the use of the complex 
itself rather than an unknown by-product. 


Studies were conducted with several mixtures of solvents to 
determine a suitable solvent system which would offer greatest 
stability characteristics for the complex. 


Stabilization of the HMB-iodobismuthate complex could be 
achieved by the addition of methanol to the acetone solution of the 
complex in the ratio of 1 :l. The resulting 50% acetonemethanol 


1 Cary 15 recording spectrophotorneter, Cary Instruments, Monrovia, 
Calif. 
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Table II-Relationship between Concentration of HMB and 
Absorbance 


w 
Figure 1-Stability of hornatropine methylbromide-iodobismuthate 
complex in 50% acetone-methanol solution (recorded at 15-min. 
intervals over a period of I hr.). 


solution was stable for at least 1 hr. in normal laboratory lighting 
conditions. This time period was considered adequate even if a 
large number of samples have to be analyzed at the same time; 
therefore, longer time periods were not checked. 


The stabilization was accompanied by a hypsochromic shift from 
474 to 382 mp. Stabilization of the complex could be demonstrated 
by allowing the acetone-methanol solution to stand for half an 
hour, evaporating the solvents, dissolving the residue in acetone, 
and observing the return of the maximum at 474mp. This was not the 
case with solution of the complex in acetone alone, thereby suggest- 
ing a definite change in the complex. Table I shows the hypsochro- 
mic shifts caused by the addition of various amounts of methanol to 
the acetone solution of HMBiodobismuthate complex. The stabil- 
ity of these solutions under normal laboratory lighting conditions, 
as indicated by change in absorbance readings at A,,,., is also shown 
in Table I. (The reagent blank readings were found to be negligible.) 


From these results, it is apparent that stabilization can be achieved 
when 50 to 60% methanol is present in the acetone-methanol solu- 
tion with greatest stability being indicated for 50% methanol con- 
tent. The stability of 50% acetone-methanol solution of the HMB- 
iodobismuthate complex over a 1-hr. period can be seen in Fig. 1. 
These data also show that greater sensitivity is obtained with 50% 
acetone-methanol solution. This was confirmed by studying ace- 
tone-methanol solutions of the HMB-iodobismuthate complex 
containing 55.0, 52.5, 47.5, and 45.0% of methanol. Therefore, it is 
logical to conclude that of the various acetone-methanol solutions 
investigated, 50 2 acetonemethanol solution offers the greatest 
stability and sensitivity for the quantitation of iodobismuthate 
complex. 


Table I1 shows that the colorimetric reaction follows the Beer- 
Lambert law from 0.1 to 1.8-mg. concentrations of HMB. Higher 
concentrations than 1.8 mg. were not investigated. Lower workable 
limits were found to be 0.1 mg. under the experimental conditions 
described. However, with slight modifications such as final dilution 
volume and the size of the spectrophotometric cell, it should be 
possible to work with much smaller concentrations of HMB. 


These investigations have shown that Dragendorff reagent, as 
modified by Munier and Macheboeuf (6), can prove to be a useful 
reagent for quantitative analysis of homatropine methylbromide. 
The colorimetric reaction is stable and sensitive to small concentra- 


Concentration of HMB, mg. Absorbance at 382 mp 


0.1 0.035 
0.2 
0.4 
0.6 
1 .o 


0.070 
0.152 
0.245 
0.390 


1.2 0.480 
1.4 0.540 
1.6 0.600 
1.8 0.680 


tions of HMB. Furthermore, the colorimetric reaction should prove 
useful for quantitative analysis of other alkaloids and compounds 
reactive with the Dragendorff reagent. 


CONCLUSIONS 


The Dragendorff reagent, as modified by Munier and Macheboeuf 
(6), has been found to be a useful reagent for quantitative analysis of 
homatropine methylbromide. The resulting homatropine methyl- 
bromide-iodobismuthate complex in acetone solution has been 
stabilized by the addition of methanol in the ratio of 1 : 1 .  The 
colorimetric solution obtained has a maximum at 382 ml.r and is 
stable for at least 1 hr. under normal laboratory lighting conditions. 
The colorimetric reaction follows the Beer-Lambert law down to 
a 0.1-mg. concentration of HMB, under the working conditions de- 
scribed in this publication. With small modifications, this reaction 
could become sensitive for much smaller concentrations of HMB. 
Furthermore, it may be logically concluded that this method should 
prove useful for chemical compounds reactive with the Dragendorff 
reagent. 
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Theoretical Model Studies of Drug Absorption 
and Transport in the Gastrointestinal Tract I 


AKIRA SUZUKI, W. I. HIGUCHI, and N. F. H. HO 


Abstract 0 The simultaneous chemical equilibria and mass transfer 
of basic and acidic drugs through a two-phase compartment model 
were theoretically investigated. The model consisted of a well- 
stirred bulk aqueous phase, an aqueous diffusion layer, and a 
lipid barrier for perfect and imperfect sink cases. The nonsteady 
and quasi-steady-state changes in the concentration-distance dis- 
tributions in the lipid phase were studied. The rate of change of 
the total drug concentration in the bulk aqueous phase was de- 
scribed in the general form of a first-order equation useful for the 
evaluation of experiments. A limiting steady-state relationship in- 
volving the transport rate with the partition coefficient, pH at the 
aqueous-lipid interface, dissociation constant of the drug, aqueous 
and lipid diffusion coefficients, and thickness of the diffusion layer 
was derived. Increasing the agitation rate in the aqueous phase 
markedly affects the pH profiles for the rate of transport. The pH- 
partition theory is shown to be a limiting case of the more general 
approach presented. 


Keyphrases Drug absorption, transport-theoretical model 
Model, two-phase compartment-theoretical investigation 
Chemical equilibria, mass transfer-two-phase compartment 
model 0 Agitation rate effect-rate transport pH profiles 


The increasing interest in the mechanistic understand- 
ing rather than in only a mathematical representation of 
drug transport and absorption phenomena should dic- 
tate systematic physical model analyses of various in 
uitro situations. Thus, detailed theoretical considerations 
of diffusion and equilibria involving multibarrier sys- 
tems and the carrying out of appropriate model experi- 
ments are necessary for the isolation of the important 
in uiuo factors. 


Recent investigations (1-4) in these laboratories have 
been devoted to the physical model approach to a num- 
ber of situations in this regard. The present paper is 
concerned with the problem of treating the time de- 
pendency and the pH-buffer dependency for the trans- 
port of basic and acidic solutes into and across lipoidal 
barriers. It is, to some extent, an extension of the works 
of Howard et al. (3) and Stehle (4) and should be useful 
in the understanding of gastrointestinal and buccal 
absorption problems. In the accompanying paper ( 5 ) ,  
the techniques developed here are applied to some of the 


data on in situ drug absorption published by Koizumi 
et al. (6 ,  7). 


THEORY 


General Description of the Model-The simultaneous mass 
transfer and chemical equilibrium reactions in a system consisting 
of two homogeneous phases will follow the one-dimensional 
model in Fig. 1.  The bulk aqueous phase is well stirred and consists 
of a basic drug and buffer. At x 2 - h, 


(Eq. 1) 


(Eq. 2) 


(TR1-h = (R)--h + (RH'1-n 


(TB)-h = (B-1-h -I- (HB1-h 


where (TR) is the total drug concentration of R and RH+ species 
and (TB) is the total buffer concentration of B- and HB species. 
It is assumed that electrical neutrality holds everywhere in the 
aqueous phase. Consequently, at x 5 0, 


(H+) + (RH+) + (Naf) - (OH-) - (B-) = 0 (Eq. 3) 
where (Na+) is the cation concentration derived from the buffer. 
It is further assumed that the following equilibrium reactions are 
instantaneous, 


(H+)(OH-) = K, (Eq. 4c) 
where &.R, K o l ~ ~ ,  and K, are the dissociation constants of drug, 
buffer, and water, respectively. 


Under the assumption of quasi-steady-state conditions existing 
within the aqueous diffusion layer, the total flux of the drug to the 
water-lipid interface is expressed by the equation 


( - h  5 x 5 -0) 
where G is the total flux of the drug and DRH and DR are the dif- 
fusion coefficients ; upon integration, the solution is 


Gh = DRH (RH+)-h + DR(R)-~ - DRH (RH+)-o - 
DR(R)-o (Eq. 6) 


In an analogous procedure for the buffer species, 


DHB(HB)-A + DB(B-)-~ - DHB(HB)--o - DB(B-)-o = 0 (Eq. 7) 


644 0 Journal of Pharmaceutical Sciences 







AQ. 


Figure 1-Two-phase diffusion model consisting of a bulk aqueous 
phase, aqueous diffusion layer, and a lipid phase. Concentration dis- 
tribution of total drug species is governed by steady-state rate into 
the diffusion layer, and concentration of the diffusing nonionized 
drug in the lipid phase is governed by nonsteady-state rate determined 
by numerical finite-difference methods. 


D. 1. LI I! 


in which case the total flux of the buffer is zero. 
If only the nonprotonated drug molecule is capable of diffusing 


into the lipid phase, the equilibrium assumed to  be established in- 
stantaneously at the aqueous-lipid interface is expressed by the 
partition coefficient, 


AQ. 


where P is the partition coefficient; (R) is the concentration of the 
nonionized drug; and the subscripts, -0 and +0, refer to  the 
aqueous and lipid side of the interface, respectively. The continuity 
of flow through the interface is given by 


0. 1. LIP 


where D R , ~ ~ ,  is the diffusion coefficient of RIin lipid. In this model 
the flux of the total drug species in the aqueous diffusion layer is 
taken to be the same as the flux of the nonionized drug from the 
interface to the lipid phase. Within the lipid, Fick's second law 
applies: 


( x  > 0) 


and at x = L two extreme boundary conditions can exist, that is, 
(a) for the impermeable boundary, 


(ip) = o  
z =L 


(Eq. l l a )  


(b) for the perfect sink, 


(R)==L = 0 (Eq. l l b )  


Changes in the Concentration-Distance Distribution in the Aqueous 
and Lipid Phases with Tim-The simultaneous time change of the 
total drug concentration-distance distribution in the aqueous phase 
in which steady-state conditions are assumed and that for the dif- 
fusing basic drug molecule in the lipid phase in which nonsteady- 
state conditions exist cannot be solved analytically. Numerical 
methods and the utilization of a high-speed computer are necessary. 


In using the finite-difference method (8), the lipid compartment 
is divided into a number of cells of equal intervals as shown in Fig. 
1.  Accordingly, the concentration of drug in the bulk aqueous phase 
and each cell in the lipid phase and at the interface can be calculated 
by solving the following set of differential equations: 


Figure 2-Model used to estimate F(t) by linear approximation of 
the concentration-distance curves in the lipid phase. Key: A, im- 
permeable boundary case: and B, perfect-sink case. 


( i = 2 , 3 , 4 . .  . n - 1 )  


and at x = L, for the impermeable boundary or no-sink case, 


and for the perfect-sink case, 


where A is the surface area, V is the volume of the bulk aqueous 
phase, (Ri) is the concentration of neutral drug in the ith cell, 
Ax is the length of each cell, n is the total number of cells, and 
the other terms are defined as before. 


Since the concentration of drug species at the various aqueous 
boundaries is dependent upon pH, the hydrogen-ion concentration 
must be known. From Eqs. 1 through 4 the hydrogen-ion concentra- 
tion in the bulk phase is given by 


(H% + ( K ~ , R  + K~.HB + (TR1-h + (Na+)-h) (H+)% f 
([(TR)-h -k K ~ . R  - (TB)-&,HB - 


( K ~ , R  + K,.HB)(Na+)-nK,)(H+)t, - 
(Ka.HB(TB)-h + (&.R + K ~ . H B K ~  f 


K,.RKG,HB(Na+)-h )(H+)-h - 


(Eq. 16) 


K ~ . R K ~ , H B K ~  = 0 


Table I-Numerical Dimensions of Constants and Initial 
Drug and Buffer Concentrations Used for Computation 


~ 


V = 1 0 ~ m . ~  A = 10 cm.z h = cm. 
K a . ~  = 10-8 D = cm.2 sec.-1 for all 


Initial concentrations: (TB)-h = M 
diffusion coefficients 


(TR)-~ = 1 0 - 4  M 
No-Sink Case Perfect-Sink Case 


L 10- l  cm. 5 X 10-2cm. 
(Na+)-h 0 '/dTB)-h 
P 1,100 100 
PLHB 4, 6, 8, 10, 12 4, 6, 8, 10 


~~ ~ 
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Figure 3-Time-dependent concentration distribution curves of total 
drug species (TR) in the aqueous phase and the nonproionated drug 
( R )  in the oil phase for the no-sink case: ( A )  initial bulk aqueous 
p H  = 3.05 andpartition coeficient P = 100; ( B )  pH = 8.82, P = 
lOO;(C)pH = 8.82,P = 1.0. 


Table "--Change in the Bulk and Surface pH with Time for the 
No-Sink Case in a Low Buffer Capacity System with P = 100 


-----Initial- ---After 500 SK- 


LHB PH-I PH-o PH-A PH-o 


10-6 3.05 3.05 3.05 3.05 
10-8 6.01 5.71 5.98 5.95 
10-10 7.79 6.84 7.67 7.33 
10-12 8.82 7.70 8.71 8.22 


The equation for the hydrogen-ion concentration at the interface 
is derived from Eqs. 3,4, and 6-9; thus, 


( W ~ O  + [ P  + YT + + Y(N~+)-&H+)?~ + 
Ma + B)T - yKW - YS + (YV + P)(N~+)-oI(H+)% - (Eq. 17) 


KP + rv)L - P S  + PS(N~+)-OI(H+)-O - 
BqKw = 0 


where 


P = D R + T  2hPD~.,ii 


Y = DRH/Ka,R 
&.HB 6 = -  DB [DB(B-)-h + DHB(HB)-~] 


q=- K~,HBDB 
DHB 


Here, it is assumed that (Na+)-n = (Na+)-o. Finally, the concentra- 
tion of the diffusing specie at the aqueous side of the interface, i.e. 
(R)-o, is expressed by 


Rate of Change of the Total Concentration of Drug in the Bulk 
Aqueous Phase-To relate the theory of the diffusion model to the 
usual treatment of experimental data, i.e., the rate of change of the 
total drug concentration in the bulk aqueous phase, it is useful to  
rewrite Eq. 12 in the following manner, 


where F(t) is defined as 


F(t) = GIGmBx. 
and 


Equation 20 is the ratio of the actual flux to the maximum flux 
which takes place when all of the drug species in the bulk aqueous 
phase is nonprotonated and the concentration of R at the interface 
is zero. By performing the integration, Eq. 19 becomes 


(0 < F(t) I 1) 
and by utilizing the mean-value theorem to evaluate the integral, 


(0 5 Q 5 0 
If F(+) is relatively invariant with a, an apparent first-order de- 
crease in the drug concentration with time will be observed. In 
general, the slope of In (TR)-n versus t plots is 
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Figure 4-First-order plot of the change in the total drug concentra- 
tion in the bulk aqueous phase with rime. No-sink case for different 
initial bulk aqueous pH.  


Approximation of the Function F(t)-Since the function F(t) 
influences the apparent first-order rate constant, the elucidation of 
the nature of the function in terms of the partition coefficient, pH 
at the interface, diffusion coefficients, and thickness of the diffusion 
layer would lead to meaningful physical interpretation. For this 
purpose, an approximation of F(t) is derived for two cases, per- 
fect-sink and no-sink situations. 


No-Sink Case-The analysis is based on the model for the con- 
centration-distance distribution changes with time in Fig. 2A. It 
assumes a linear approximation of the nonsteady-state concentra- 
tion profile of R at time t in the lipid phase. From Eqs. 8 and 9, 


D ~ , ~ i i  P(R)-o 
A1 G = .  


where A1 is the distance from the interface to  the point where 
(R)+o is zero and changes with time such that 0 < A1 > L. Further- 
more, assuming that the flux G has not changed appreciably during 
the period needed to build up the concentration distribution in the 
lipid phase, the total amount of drug transported through the 
interface is approximated by 


l' G dt = 1' (R),ii dx (Eq. 2 w  


Thus, 


Gt = '/Z(R)-aPAl (Eq. 26b) 


and it follows from Eqs. 25 and 26b that 


A1 = (2D~.,iif)'/2 m. 27) 
Solving for (R)-o with the aid of Eqs. 6 and 25 and DRH = DR, 


(Eq. 28) (TR1-h 
1 + [(H+)-o]/(KG.R) + (hDR,oi&')/(A1 DR) (R1-o = 


and with Eq. 27, 


(Rko = 


It is convenient to define a new function f ( t )  as the approximation 
of F(t). By means of Eqs. 1, 4, 6, 20, and 21, the function can be 
simply expressed by 


(Eq. 29) (TR)-n 
1 + [(H+)-ol/(Ka.~) f (~DR.,~IP)/(DR~/~DR,.~~~) 


f ( t )  - F(t) = G/Gmax. = 


{ 1 + [(H+)-oI/(K..R))(R)-o 30) 1 -  
(TR1-h 


8 


x 


0 0 0 0 , 8  
- 0 . .  


@ Q & ?  


1 


0 200 400 600 800 1000 
TIME, sec. 


Figure 5-Change in the diffusion efficiency coefficient with time 
for the no-sink case. The numerically calculated coefficient F(t) by 
Eq. 20 is compared with the approximation f(t) by Eq. 31. 


and the substitution of Eq. 29 leads to 


where 


Therefore, in this case of an impermeable boundary in the lipid 
phase, the time-dependent nature of the function f( t)  makes it 
evident that first-order diffusion kinetics are not applicable. 


Perfect-Sink Case-In this situation the diffusion of the drug 
can be divided into two stages (Fig. 2B). The first stage is the period 
of nonsteady-state rate in the lipid phase leading to the second 
stage of quasi-steady-state conditions. In other words, F(t) will 
eventually be constant (time independent) after an initial lag 
period. 


In the nonsteady-state period the approximate function f ( t )  
given by Eqs. 31 and 32 can be applied. From Eq. 27, with A1  = 
L always, the time lag is 


33) 


where 7 is the lag time, and L is the thickness of the lipid 
phase. 
In the steady-state period, Eq. 25 can be rewritten as 


D R , ~ ( R ) - O  
L G =  


After the substitution of Eqs. 21, 28, and 34 into 20, the function' 
f(T) takes the same form as Eq. 31; that is,2 


where, in this case, 


Therefore, in the perfect-sink case, a log (TR)+ versus t plot should 
be linear after a lag period. 


1 Note that f ( t )  is replaced by f(T) since the function is time-inde- 
pendent in the steady-state period for the perfect-sink case. 


2While this theoretical treatment is based on an amine dru the 
following equation can also be derived in an analogous manner k r  an 
acidic drug, like a barbiturate, 


where K,,.R is the dissociation constant of the acidic drug and T is 
either Eq. 32 or 36, depending upon the perfect- or no-sink case. 
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Figure 6-Time-dependent concentration distribution profiles in 
aqueous and lipid phases for the perfect-sink case. Partition coefficient 
P = 100. ( A )  Dissociation constant of bufler, K,.HB = I c e .  (B)  
K % , H B  = (C) K,.HB = Sodium-ion concentration was one- 
half of the total bufler concentration always. 


CAJXULATIONS 


Computations were carried out for a range of parameters with 
the aid of the IBM 360/67 digital computer. Table I gives the di- 
mensions of the constants and initial drug and buffer concentra- 
tions. The dissociation constant of the buffer and partition co- 
efficient were varied. The detailed method of computation is given 
in the Appendix. 


RESULTS AND DISCUSSION 


In this section the interphase diffusional transport of an amine 
drug is analyzed for a wide range of pH and partition coefficients, 
other parameters being constant. It is discussed in relation to  two 
extreme situations, the no-sink (impermeable lipid boundary at 
x = L) and the perfect-sink cases. In contrast to  the later, the 
former case simulates the situation of retarded drug absorption in a 
simple way when the rate-determining step is due to one kind of 
interfacial barrier, like an impermeable membrane. There are also 
intermediate situations, i.e., 


(Eq. 37) 


where C is some nonzero value. 
No-Sink Case-Typical changes of drug concentration-distance 


distribution curves in the aqueous and lipid phases with time are 
shown in Fig. 3. Steady-state and nonsteady-state conditions prevail 







Table 111-The Initial Slope K ,  and F(t) Values for the No-Sink Case with P = 100 
~~ ~ 


PH-h 
LHB a t r  = 0 KU F(@) R r )  f(t) 


10-4 3.05 -0 N O  0.121 x 1 0 - 3  0.157 X 
10-8 6.01 0.123 X 0.123 0.0973 0.1096 
10-10 7.79 0.736 X 0.736 0.7163 0.6969 
10-12 8.82 0.915 X 10P 0.915 0.9053 0.8946 


Table IV-Comparison of the Functionf(T) during the Steady-State Period and the Lag Time T~ with Theory for the 
Perfect-Sink Case in a Strong Buffer System 


-Initial- - -Steady-State -Lag Time, sec.- 
K ~ . H B  pH-a PH-o F(T) f (TI 7 robs.* 


10-4 4.03 4.03 2.16 x 10-3 2 .2  x 10-3 125 100 
10-6 6.02 6.01 0.167 0.17 125 100 
10-8 8.01 8.00 0.902 0.91 125 100-200 
10- 10 9.98 9.98 0.948 0.95 125 100-200 


a r calculated by Eq. 33. b Tobs .  estimated from Fig. 9. 


in the respective diffusion layer and lipid phase. Because of the 
impermeable barrier, a t  sufficiently long times there will be a 
concentration buildup in the lipid that approaches some equilibrium 
concentration as determined by the partition coefficient. 


Upon comparing Figs. 3A and B, the pH effect on the distribu- 
tion profiles is evident. When PK~,HB = 4 [and the bulk pH N 3 
with (Na+) = 01, the ratio of the initial bulk aqueous concentration 
of nonprotonated drug to  the total concentration is only 1.11 X 


This results in a relatively small concentration gradient in 
the diffusion layer and, consequently, in a small amount of non- 
protonated drug being transported into the lipid phase, even though 
the partition coefficient is favorable. On the other hand, when 
K a , a ~  = (and the bulk pH - 8.8), the initial (R)-h/(TR)-h 
is 0.887. Here the flux in the diffusion layer and the amount trans- 
ported into the lipid are large. In Figs. 3A and C the results indicate 
that the rate of diffusion is influenced more by the amount of the 
free amine drug available for transport at the interface rather than 
the partition coefficient. In this regard, the pH profile of the dif- 
fusion model should be considered. Based on Eqs. 16 and l7,Table 11 
shows the pH of the bulk aqueous phase and the interface for various 
K a . ~ ~  values and at different times with P = 100. Since (Na+) = 0, 
the buffer capacity is very low. It is found that pH-,, < pH-h 
initially and can be explained by the fact that RH+ and R species, 
as well as buffer, have some flux according to the concentration 
gradient within the diffusion layer and some RH+ arriving at the 
interface dissociates into H+ and R. The pH-h will decrease in time 
and eventually will be equal to  pH-o when the diffusion rate is 
zero. 


The semilogarithmic plots of (TR)-h versus t (Fig. 4) do not show 
a true linear relationship, as expected from Eq. 22, since the slope 
Ku is time dependent. When pH-0 of the system is approximately 
equal to or greater than the pKa of the drug, the initial rate is very 
rapid; however, due to the backup drug concentration in the lipid 
later on, the rate approaches zero. In Table 111 the initial apparent 
first-order rate constant is given and the function F, determined in 
various ways for the first 250-sec. period, shows good agreement. 
F(0) was calculated by using Eq. 23 and the initial slope from Fig. 
4, F(t) by the computer-simulated transport program from the gen- 
eral Eqs. 20 and 21, andf(t) by Eqs. 31 and 32. However, in Fig. 5 
the functions F and, therefore, the rate constants are always chang- 
ing with time. That the rate constant in early period (- 500 sec.) 
from the log (TR)-h versus t plot is apparently constant with time 
can be explained by the fact that it is less sensitive to time than the 
differentially calculated K,. Also, after 500 sec., the F(t) and 


f ( t )  tend to diverge. Since the derivation off(t) is based on a linear 
approximation of the flux in the lipid (see Fig. 2A), the function 
f(t) becomes a poorer approximation of F(t)  when backup occurs 
in the lipid compartment at the impermeable boundary. 


Perfect-Sink Case-In Fig. 6 the concentration distribution curves 
are shown for various values of K=,EB with P = 100. Nonsteady- 
state diffusion in the lipid occurs in the initial period. Later, when 


the concentration-distance profile is linear, the system is at steady 
state and the diffusional rate is first order with respect to the total 
drug concentration in the bulk aqueous phase (Fig. 7). From Fig. 8, 
which shows the time change in (TR)-a and Q, the amount of non- 
protonated drug in the sink, the lag time can be obtained by ex- 
trapolation and'also predicted by Eq. 33. The results of this perfect- 
sink case are summarized in Table IV. Because of the strong buffer 
capacity, (Na+)-h = (Na+)-o = 1/2(TB), the pH of the bulk aqueous 
phase and at the interface is nearly the same. There is good agree- 
ment between the lag time values obtained from the theory and the 
computer-simulated experiments and between the steady-state rate 
constants obtained in part from rigorous calculation by Eq. 19 and 
the approximation by Eqs. 35 and 36. Referring to Fig. 9, one can 
readily follow the course of the interphase transport by an analysis 
of f(T). The curve is characterized by a rapid change with time, 
followed by an asymptotic relationship during the steady-state 
period. As the pH is more alkaline, the functionf(T) approaches 
1 and the apparent first-order rate constant increases in magni- 
tude. 


Significance of the Function f(T) for the Perfect-Sink Case-Thus 
far, the rate-determining factors have been discussed from the 
general viewpoint of the partition coefficient and the pH at the 
interface influencing the amount of nonionized drug available 


t 
0.2 


0 250 500 750 1000 
TIME, sec. 


Figure 7-First-order change in the total drug concentration in the 
bulk aqueous phase with time. Perfect-sink case for different initial 
bulk aqueous pH. 
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for diffusion across the lipid phase. It is useful to examine the 
nature of the time-independent function f(T) by Eqs. 35 and 36 
and the steady-state rate constant K,, (Eq. 24) relative to pH-,,. 


As shown in Fig. 10, when the (pH-o - pK,) for a basic drug 
becomes increasingly positive and T is sufficiently small, say 10-6 
to lo-*, f(T) is unity in the limit. Consequently, a few selected and 
interesting cases can be pointed out. If 


limf(T) = 1, thenK, = - ~ ADR 
Vh 


P+ m 


(H+)-o 5 I(, 
h = constant 


On the other hand, if 


lim f(T) = 1, then K, - 0 


h - ,  m 


P-, m 


(Hi)-,, 5 Ka 
In both of these cases the rate-determining factor is the flux across 
the aqueous diffusion layer. These examples emphasize the im- 
portance of the aqueous diffusion layer, which is affected by the 
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Figure 9-Change in the diffusion egciency coefficient with time for 
theperfect-sink case. Ajier lag time, F(t) calculated is the same as 
the approximation f(t). 


Figure 10-Relationship of the pH at the aqueous-lipid interface and 
the p K  of the drug with the diffusion efficiency coefficient for various 
T,  which includes all transport parameters such as diffusion and 
partition coefficients, thickness of diffusion layer, and lipid phases. 


degree of stirring or agitation. More significantly, it shows that the 
pH-partition theory (9) is only a special case of the theory presented 
here. A very small value of D ~ . ~ i l  can also slow down the rate. In 
accordance with the pH-partition theory, the f(T) and, consequently, 
K, - 0 when the ( ~ H - O  - pKa) becomes more negative. 


Another interesting point in Fig. 10 is the shifting of thef(T) 
uersus (pH-0 - pKa) profiles with various T values. For T = 10, 
the profile approaches the dissociation curve characteristic of the 
basic drug; for other T values the profile deviates to the left of the 
dissociation curve. 


From Eq. 36 it can be seen that increasing the partition coefficient, 
increasing h, increasing D ~ , ~ i i ,  decreasing DR, or decreasing L, all 
have the effect of shifting the profile leftward away from the dissoci- 
ation curve. The effect of agitation mentioned previously is particu- 
larly noteworthy in this regard. Thus it is important for investigators 
to recognize that the degree of agitation may not only influence the 
drug-absorption rate but that it can significantly influence the rate 
versus pH profiles. Another interpretation of the curves in Fig. 10 
can be given; that is, at a constant diffusion layer thickness and a 
given rate of diffusion, the effect of a low concentration of non- 


I 1 . I t A l  I 


I x 


Scheme I-Flow diagram for the computation of concentration dis- 
tributions 
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ionized species at the interface is balanced by a high partition co- 
efficient and vice versa. All of these conclusions also apply to  
the case of acidic drugs in an analogous way. 
In the study of rat intestinal and gastric absorption of sulfon- 


amides, Koizumi et al. (6, 7) derived a first-order rate constant, 


abP K, .\/M = ___ 1 + a P  


where M is the molecular weight of the sulfonamide, K, is the 
absorption rate of the nonionized moiety, a and b are constants, 
and P is the partition coefficient. 


Equation 38 was found to be in good agreement with a large 
number of in situ experiments. It is noteworthy that the substitution 
of Eq. 35 or 35a into 24 gives 


K - - A D R . -  BP 
Vh 1 + B P  l k -  (Eq. 39) 


Both equations have the same form, although the methods of 
derivation are different. In the next paper, the results of Koizumi 
et a[. and others will be discussed and compared with a similar 
model as presented in this study but modified to simulate the gastric 
and intestinal membrane. 


APPENDIX 


Numerical Calculating Procedure-To calculate the change of 
(TR)-*, the concentration profile of R in the lipid phase with time 
and other parameters, the procedure shown in Scheme I is 
used. The input data are given in Table I. After t = 0, a series 
of calculation procedures undergo integration for each time incre- 
ment, f + At. The (TR)-h and (Ri) at time t are determined by the 
stepwise integration of Eqs. 12-15a or 156, depending upon the 
choice of the perfect-sink or no-sink case, by the Runge-Kutta 
technique for the initial period, t 5 3At, and thereafter by the pre- 
dictor-corrector method of Hamming (10). The calculation of the 
derivatives in Eqs. 12-15 is performed in the subroutine DRVT 
after evaluating G in the subroutine CALCG. 


The procedure of subroutine CALCG is as follows. The first 
step involves the calculation of (H+)-h from the fourth-power poly- 
nominal Eq. 16 by the Newton-Raphson method. Then (R)+ 
(RH+)-A, (B-)-h, and (HB)-A are obtained from Eqs. 1,2, and 4, re- 
spectively. The next step is the evaluation of (Hc)-o from Eq. 17. 
In turn, (B-)--o, (HB)-0, (RH+)-o and (R)-o are found, using Eqs. 4, 
7, and 18 and finally G by Eq. 6. 
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Theoretical Model Studies of Drug Absorption 
and Transport in the Gastrointestinal Tract I1 


AKIRA SUZUKI*, W. I. HIGUCHI, and N. F. H. HO 


Abstract 0 Multicompartment diffusional models for the absorption 
of neutral, acidic, basic, and amphoteric drugs were investigated. 
The general model consisted of a bulk aqueous phase, an aqueous 
diffusion layer, n-compartments of homogeneous and heterogeneous 
phases, and a perfect sink. With the mathematical techniques 
reported previously, equations were derived in general terms 
for the nonsteady- and steady-state periods. Utilizing the steady- 
state diffusion efficiency function of the barrier systems, the first- 
order rate constants for various examples of two- and three-com- 
partment models were obtained from the general model and some 
computations were given. Various sets of in situ experimental rat 
data have been analyzed by means of the different models. These 


include the intestinal, gastric, and rectal absorption of sulfon- 
amides and barbit uric acid derivatives. Self-consistent dimensional 
constants and diffusion coefficients were arrived at and the correla- 
tions obtained with the models have been found to be generally 
satisfactory. 


Keyphrases 0 Theoretical models-drug absorption, transport, 
gastrointestinal tract 0 Drug absorption, transport, gastrointestinal 
tract-theoretical models, equations derived 0 Kineticsdrug 
absorption, transport 0 Sulfonamides-absorption, diffusion 
data, rats 0 Barbituric acid derivatives-absorption, diffusion 
data, rats 


In a previous paper the diffusion of basic and acidic 
drugs across an aqueous diffusion layer and a lipid 
compartment in a homogeneous two-phase model was 
presented (1). It provided a mathematical technique 
whereby more complicated models can be handled. A 


function was also derived which was found useful in 
analyzing the diffusion rate with respect to the parti- 
tion coefficient, surface and bulk pH, dissociatiQn con- 
stant, diffusion coefficients, and diffusion layer thick- 
ness. 
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Synthesis of Some Glycidic Hydrazides and Amides 
as Potential Psychotropic Agents and Anticholinergic Agents 


REYNALDO V. SAENZ*, ROBERT G .  BROWN, E. I. ISAACSONt, and JAIME N. DELGADO 


Abstract 0 A series of glycidic hydrazides and amides was prepared 
by hydrazinolysis or aminolysis of glycidic esters obtained uia a 
modified Darzens condensation. The hydrazides thus obtained were 
subjected to suitable acylating or alkylating reagents to obtain N- 
substituted hydrazides. The results of a preliminary pharmacologi- 
cal evaluation are summarized. The synthesized compounds were 
tested for their ability to reverse reserpine hypothermia in mice. 
Compounds synthesized as potential anticholinergics were evalu- 
ated for their spasmolytic activity using isolated rabbit ileum. 


Keyphrases 0 Glycidic hydrazides, amides-synthesis 0 Hydra- 
zides, glycidic-synthesis 0 Amides, glycidic-synthesis 0 IR 
spectrophotometry-identity 0 Pharmacological screening-gly- 
cidic hydrazides, amides 


Appropriately substituted hydrazides and amides 
have been of interest to the medicinal chemist for 
various reasons. Monoamine oxidase-inhibitory hy- 
drazides have proved to possess dynamic pharma- 
cological properties ( i e . ,  antitubercular and/or anti- 
depressant properties). Amides that are analogous to  
bioactive esters (e.g., procaine versus procainamide) 
offer models for structure-activity analysis on the basis 
of the predicted greater metabolic stability of amides 
due to their greater resonance stabilization. 


Since the epoxide group affects the physicochemical 
properties (e.g., lipid-water partition coefficient) of a 
compound, this function might also influence pharma- 
cologic properties. Hence, it was decided to  prepare 
qP-epoxy hydrazides and amides for pharmacologic 
evaluation and to provide a basis for the study of the 
effect of the epoxide moiety on bioactivity. 


Literature reports and reviews (1-4) substantiate the 
utility and applications of the Darzens glycidic ester 
condensation. Consequently, this reaction was applied 
to  the synthesis of a,P-epoxy esters which, when exposed 
to hydrazinolysis and/or aminolysis, yield potentially 
active hydrazides and amides. 


a,P-Epoxy amides and hydrazides have been of 
interest to  the authors and others ( 5 )  as potential 
therapeutic agents. In appropriately substituted glycidic 
hydrazides, the presence of the epoxide function may 
.affect the distribution of compounds possessing mono- 
amine oxidase-inhibiting pharmacophores. In addition, 
the epoxide function may affect the susceptibility of 


such compounds to metabolic degradation. Conceivably, 
the drug-receptor interaction would be influenced as 
well, depending upon the degree of hydrolysis of the 
hydrazide linkage. Zeller (6) and others (7) have postu- 
lated that certain substituents play an important func- 
tion in the bioactivity of appropriately substituted 
hydrazine derivatives. Several basic structural features 
appear to  be associated with optimal monoamine 
oxidase inhibitory activity. These can be summarized 
as follows: (a) there should be at least one alkyl sub- 
stituent on the hydrazine moiety, and (b )  N-1 alkylation 
and N-2 acylation yield compounds with increased 
activity and decreased toxicity. On the other hand, di- 
substitution of either hydrazine nitrogen leads to in- 
active compounds. The alkyl and aralkyl substituents 
contribute to electronic, steric, and hydrophobic factors 
involved in the inhibitor-enzyme interaction, whereas 
the acyl moiety has been implicated as affecting the 
distribution and should be of such a nature that it can 
be easily hydrolyzed (8). Accordingly, the choice of the 
acyl moiety presumably is important with regard to 
tissue selectivity and susceptibility to metabolic cleavage 
to  yield the postulated active moiety. 


Since this work involves the synthesis of selected 
a,P-epoxy hydrazides as potential psychotropic agents, 
it is fundamental to the study of the effect of the epoxide 
function on absorption, distribution, and metabolic 
fate of hydrazine derivatives. 


Additionally, glycidic amides were prepared modeled 
after classical anticholinergic agents. Such compounds 
possessing the a,P-epoxy amide function, in addition to 
the potential ammonium group and appropriately 
positioned bulky, semirigid, and hydrophobic moieties, 
should exhibit anticholinergic spasmolytic activity; 
those without a potential ammonium function should 
be less active. Accordingly, it was decided to compare 
Compound X with the classic anticholinergic atropine 
as well as with the analogous amides: Compounds 
VII and VIII, which do not possess potential ammonium 
functions. The epoxide cycle should affect distribution 
as well as the receptor interaction ; hence, a,P-epoxy 
amides were chosen for this study. 


The compounds described herein were prepared by 
the application of the following reactions : Darzens 
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condensation, hydrazinolysis, aminolysis, N-acylation, 
and N-benzylati on. 


R\ 


d C = O  
I 


R. 


I11 IV 


VI 


Scheme I 


The carbonyl compounds (I) (Scheme I) employed as 
starting materials included pyridine-3-carboxaldehyde, 
pyridine-4-carboxaldehyde, diphenylacetaldehyde, ben- 
zophenone, dibenzosuberone, and xanthone. The Darzens 
glycidic ester product (11) of each of the foregoing 
carbonyl compounds was subjected to aminolysis (IV) 
and/or hydrazinolysis (111). The hydrazides (111) ob- 
tained then were treated with either benzyl chloride, 
benzoyl chloride, or 3,4,5-trimethoxybenzoyl chloride 
to prepare the substituted hydrazide derivatives (V and 
VI). The compounds prepared, together with their 
respective melting points and analytical data, are listed 
in Table I. 


EXPERIMENTAL' 


Preparation of Esters-The glycidic esters, starting materials for 
the synthesis of the glycidic hydrazides and amides, were prepared 
according to the method of Omodt and Gisvold (3) with suitable 
modifications. The yield was better from pyridine-3-carboxaldehyde 
(6G70 %) than from pyridine-4-carboxaldehyde (40-50 %). Addi- 
tionally, among the ketones, dibenzosuberone gave higher yields 
(40-50Z) of the glycidic ester than did xanthone (20-30%). IR 
spectrophotometry was utilized in the characterization of the 


1 Reported melting points are uncorrected. A Thomas-Hoover Uni- 
melt apparatus was used for the rneltmg point determmatlons. Elemental 
analyses were conducted by the Schwarzkopf Micro-analytical Labora- 
tory, Woodside, N. Y. IR spectral analyses were conducted with a 
Beckman IR-8 spectrophotometer. 


esters described. The IR spectra showed characteristic peaks 
for the cY,S-epoxy ester function: 1720 cm.-1 ( ) c = O ) ;  1260and 880 
cm.-' (epoxide). 


Efhyl 3-(4-Pyridy[lglycidafe-Pyridine-4-carboxaldehyde (10.7 
g.; 0.1 mole) and ethyl chloroacetate (12.6 g.; 0.1 mole) dissolved 
in anhydrous ether (150 ml.) were placed in a 3-neck, round-bottom 
flask equipped with mechanical stirrer, reflux condenser, calcium 
chloride drying tube, nitrogen inlet, and dropping funnel. Sodium 
hydride (4.8 g.; 0.1 mole of a 51 mineral oil dispersion) was 
added slowly to prevent excessive effervescence. Ethanol (4.8 g.; 
0.1 mole) was added dropwise while cooling the solution to 0-10". 
The mixture was stirred for 18 hr. while it was allowed to come to 
room temperature. All the while, nitrogen was passed through the 
reaction mixture. At this time the ether was removed under reduced 
pressure and replaced with an equal volume of chloroform. The 
mixture was then refluxed for 4 hr. Water (50 ml.) was added. The 
resulting two layers were separated. The chloroform layer was 
washed with a saturated solution of sodium chloride (three 50-ml. 
portions), a saturated solution of sodium bicarbonate (three 50-ml. 
portions), and a saturated solution of sodium bisulfite (three 50-ml. 
portions), and it was dried over anhydrous sodium sulfate. After 
filtering, the solvent was removed using a Rinco rotatory evaporator. 
The residue which resulted was characterized as the picrate salt, 
m.p. 101-102". 


And-Calcd. for C I ~ H ~ ~ N ~ ~ ~ ~ :  C, 45.50; H,  3.31. Found: C, 
45.54; H, 3.42. 


Ethyl 3-(3-Pyridy~glycidute-Pyridine-3-carboxaldehyde (10.7 
g.; 0.1 mole) and ethyl chloroacetate (15.9 g.; 0.13 mole) in ethanol 
(4.6 g.; 0.1 mole) were added via two dropping funnels to a toluene 
dispersion of sodium hydride (4.8 g.; 0.1 mole) under nitrogen 
and cooled to 0-10". The reaction mixture was allowed to come to 
room temperature and stirred for a period of 12 hr. Glacial acetic 
acid (3 ml.) and water (150 ml.) were added. The aqueous layer was 
separated and washed with ether, and the ether extracts were 
combined with the organic layer. The combined organic portions 
were washed as before, and the solvents were removed under 
reduced pressure. The crude epoxy ester was chromatographed on a 
silicic acid column developed with ether. The oil which was isolated 
was identified on the basis of its elemental analysis. 


And-Calcd. for CIOHllNOI: C, 62.15; H, 5.73. Found: C, 
61.98; H, 5.95. 


Ethyl 3,3-Diphenylglyciduf+Benzophenone (18.2 g. ; 0.1 mole) 
was dissolved in anhydrous ether (100 ml.) and placed in a 3-neck 
flask equipped as previously described. Ethyl chloroacetate (12.6 g.; 
0.1 mole), dissolved in anhydrous ether (50 ml.), was added. While 
cooling the solution to &lo", freshly prepared sodium ethoxide 
(6.8 g.; 0.1 mole) was dissolved in anhydrous ether (150 ml.) and 
slowly added to prevent excessive effervescence. Stirring was con- 
tinued for 18 hr. The ether was removed and replaced with an 
equivalent amount of anhydrous chloroform, and the mixture was 
refluxed for 18 hr. Glacial acetic acid (3 ml.) and water (150 ml.) 
were added cautiously. The organic layer was removed and washed 
as before and was concentrated under reduced pressure. The 
concentrate was distilled under reduced pressure; the product, 
distilling at 120-128" at 5 mm., solidified at room temperature and 
had a melting point of 46". 


And-Calcd. for C17H160:: C, 76.10; H, 6.01. Found: C, 75.76; 
H, 5.92. 


Ethyl 3-Xmthylglycidafe-Ethyl 3-xanthylglycidate was syn- 
thesized in a manner analogous to that used for ethyl 3,3-diphenyl- 
glycidate, using xanthone and ethyl chloroacetate as the starting 
materials. On concentration of the organic layer, the residual 
material was characterized in the form of Derivatives IX and X, 
Table I. 


Ethyl 3- Dibenzosuberylglycidate-Ethyl3-dibenzosuberylglycidate 
also was prepared according to the foregoing method, using ethyl 
chloroacetate and dibenzosuberone. Chromatography (silicic acid 
column) was used to purify the product. 


And-Calcd. for C19HlsOa: C, 77.58; H, 6.16. Found: C, 77.86; 
H, 5.94. 


Ethyl 3,3-Diphenylmethylglycidute-Ethyl 3,3-diphenylmethyl- 
glycidate was synthesized as previously described, employing 
diphenylacetaldehyde and ethyl chloroacetate. The product was 
purified by column chromatography on silicic acid and was charac- 
terized in the form of the corresponding N,N-diethylamide deriva- 
tive (Compound XI, Table I). 
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Table I-Elemental Analysis for the Synthesized Compounds 


0 
II 


R-C-C-C-R) 


'i 
Anal., 


-C- -H-- 
Compd. No. R R' Method of Purification M.p. Calcd. Found Calcd. Found 


I 


I1 


I11 


IV 


V 


v1 


VII 


VIII 


IX 


X 


XI 


XI1 


Alcohol-ether Semisolid 66.90 66.77 5.57 5.38 


0 


Ethanol-water 195-196" 63.63 63.87 4.61 4.48 
'q - - N - - N - C G  II 


I I  
H H  


Ethanol 16C-162" 57.90 57.43 5.10 4.93 


OCH, H H  


Isopropyl ether-ethanol 178-179" 66.90 67.21 5.61 6 02 - - N - - N - C H , G  


0 


Water-ethanol 187-189" 63.59 63.21 4.63 4 89 N@ -N--N-C* II 
I I  


H H  
OCH, 


Anhydrous ether 16&161" 57.91 58.24 5.09 4.87 


OCH, H H  


,,CH,CH 


'CH CH 
-N d 


,CH .CH, 


'CH-CH, 
--N 


/CH.CH, 


'CH CH, 
-N 


F? 
n 


--?I N-CH, u 


Ether Oil 77.26 77.82 7.16 6.99 


Chromatographed on silica Oil 78.47 78.80 7.21 6.97 


Chloroform-ethanol 196-198" 73.76 74.00 6.19 6.38 


Chromatographed on silica Oil 71.41 70.98 5.99 6.18 


Chromatographed on silica Semisolid 77.63 77.82 7.49 6.99 


Chromatographed on silica Oil 76.72 77.05 5 . 8 5  5.43 


Synthesis of a,@-Epoxy Hydrazides-The hydrazides were 1600 (\c=o); 1260 and 880 cm.-l (epoxide). 
prepared by hydrazinolysis of the esters, and the yields were in the / 
range of 25-30% of theory. IR spectral analyses were conducted 
on representative compounds, and the data substantiated the struc- 
tures in Table I. The LR spectra showed characteristic peaks: 


1-[3-(4Pyridyl)glycidy[lhydrazine-Ethyl Cpyridylglycidate (4.8 
g.; 0.025 mole) was dissolved in anhydrous benzene (80 ml.) and 
ethanol (15 ml.) and placed in a flask equipped with a Dean- 
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Stark separator. Hydrazine (anhydrous 95 %) (0.8 g.; 0.025 mole) 
was added dropwise while stirring. After all of the hydrazine was 
added, the mixture was refluxed for 4 hr. At this time, most of the 
alcohol had been collected in the Dean-Stark separator, denoting 
approximate completion of the hydrazinolysis. The solvent was 
removed under reduced pressure, and the semisolid remaining was 
cooled to induce crystallization. The product was dried in uacuo 
and characterized. 


Anal.-Calcd. for CgHgN302: C, 53.63; H,  5.06. Found: C, 
53.97; H, 4.97. 
1-[3-(3-Pyridyr)glycidr[lhydrazine-A procedure analogous to 


that employed for the 4-pyridyl isomer was used to synthesize and 
characterize the compound. 


Anal.-Calcd. for CSH9N302: C, 53.62; H, 5.06. Found: C, 
53.92; H,  5.54. 


1-[3-(4-Pyridyl)glycidy~-2-benzyl Hydrazine (Compound IV, Table 
IFl-[3-(4-Pyridyl)glycidyl]hydrazine (2.2 g. ; 0.0125 mole) was 
dissolved in anhydrous ether (40 ml.) and, while stirring, benzyl 
chloride (1.42 g.; 0.0125 mole) was slowly added. Additional ether 
(20 ml.) and 5% aqueous sodium hydroxide solution (10 ml.) 
were added to the mixture. The ether layer was separated, dried, 
and concentrated under reduced pressure. The resulting product was 
purified via crystallization from ethanol-isopropyl ether. 


1-[3-(3-PyridyC)glycidyfl-2-benzyl Hydrazine (Compound I, Table I) 
-The corresponding 3-pyridyl analog was prepared similarly to 
the 4-pyridyl isomer. 


N - I - [3 - (4 - Pyridynglycidyfl- N - 2 - (3,4,5 - trimethoxyben- 
zoyl)hydruzine (Compound VI, Table Z)-3-(4Pyridyl)glycidyl 
hydrazine (4.4 g.; 0.025 mole) was dissolved in anhydrous benzene 
(60 ml.) with the aid of ethanol (10 ml.). Pyridine (2 ml.) was added. 
3,4,5-Trimethoxybenzoyl chloride (3.7 g. ; 0.025 mole) was added, 
and the mixture was refluxed for 6 hr. At this time, water (15 ml.) 
was added to dissolve the salt formed. The nonaqueous layer was 
separated, washed with a saturated solution of sodium bicarbonate, 
dried, and concentrated under reduced pressure. The resulting 
product was recrystallized from anhydrous ether. 


N - 1 - [3 - (3 - Pyridyf)glycidy[l - N - 2 - (3,4,5 - trimethoxyben- 
zoyl)hydrazine (Compound 111, Table *This compound was 
prepared in a manner similar to that used for the 4-pyridyl isomer. 


1-[3-(4-PyridyC)glycidy&2-benzoyl Hydrazine (Compound V,  Table 
Z)-3-(4-Pyridyl)glycidyl hydrazine (5 g. ; 0.028 mole) was dissolved 
in anhydrous pyridine (30 ml.) and anhydrous benzene (60 ml.). 
The benzoyl chloride (5 g.; 0.036 mole) was added as quickly as 
possible. The resulting mixture was refluxed for 6 hr. and then 
poured into 250 ml. of water. The aqueous layer was removed and 
washed with benzene. The combined organic solutions were washed 
with 5 aqueous sodium bicarbonate solution and dried. After 
filtering, the solution was concentrated under reduced pressure. 
The product was isolated by crystallization from a water-ethanol 
mixture and characterized. 


1-[3-(3-Pyridyr)gIycidy1'l-2-benzoyl Hydrazine (Compound II, Table 
I)-This compound was prepared according to the procedure 
described for the 4-pyridyl analog. 


Synthesis of cr,@-Epoxy Amides-a,B-Epoxy N,N-Diethyl Amides 
-The compounds, together with their respective melting points 
and/or analytical data, are listed in Table I. Compounds VII-XI1 
were prepared by treating the respective glycidic esters with diethyl- 
amine in a procedure according to that given for N,N-diethyl-3,3- 
diphenylmethyl glycidamide. The yields obtained ranged between 
3&35 %. IR spectral analyses were conducted on representative 
compounds, and the data substantiated the structures in Table I. 
The IR spectra showed characteristic peaks: 1650 cm.-I ( G O ) ;  
1260 and 880 cm.-' (epoxide). 


N,N-Diethyl 3,3-Diphenylmethylglycidamide (Compound XZ, 
Table [)-Ethyl 3,3-diphenylmethylglycidate (7.0 g. ; 0.025 mole) was 
dissolved in anhydrous benzene (75 ml.) with the aid of anhydrous 
ethanol (15 ml.), Diethylamine (2.0 g.; 0.027 mole) was slowly 
added. The mixture was refluxed for 6 hr. At this time, it was cooled 
and a methyl halide was added to remove unreacted amine. The 
filtered solution was concentrated under reduced pressure. The oil 
which resulted was chromatographed on silica. 


N-3-Xanthylglycidyl-N-methylpiperazine (Compound X, Table Z) 
-Ethyl 3-xanthylglycidate (3.5 g.; 0.0126 mole) was dissolved in 
anhydrous benzene (80 ml.) with the aid of anhydrous ethanol 
(10 ml.) and heat. N-Methylpiperazine (1.3 g.; 0.0125 mole) was 
added, and the mixture was refluxed for 4 hr. The N-methylpiperazyl 
derivative was separated from the reaction mixture after concentra- 


> 


tion under reduced pressure by vacuum distillation The methyl 
bromide derivative was prepared by conventional methods. 


PHARMACOLOGIC EVALUATION 


This pharmacologic evaluation was undertaken to obtain a 
preliminary indication of some structure-activity relationships 
among the compounds synthesized. Considering that some of these 
compounds were synthesized as potential monoamine oxidase 
inhibitors and others as anticholinergic spasmolytics, it was decided 
to test for these bioactivities according to the following methods. 
Compounds I through XI1 were tested for their ability to reverse 
reserpine hypothermia in mice. Compounds VII, VIII, and X were 
evaluated for their spasmolytic activity. 


Reversal of Reserpine Hypothermia-Method-The administra- 
tion of reserpine to normal animals usually results in a gradual 
depression of the central and peripheral sympathetic systems and is 
characterized by conditions such as sedation, ptosis, hypotension, 
bradycardia, and hypothermia (9). 


Pretreatment with a monoamine oxidase inhibitor results in a 
reversal of the reserpine effects. Symptoms of excitation, exo- 
phthalamus, piloerection, mydriasis, and hyperthermia are observed 
(10). 


The method of Garrattini et al. (11) was adopted for the estima- 
tion of the effect of the test compounds on reserpine-induced 
hypothermia. 


Although only the hydrazides were prepared as potential mono- 
amine oxidase inhibitors, it was decided also to evaluate the amides 
of the series. 


Young male Swiss-Webster mice weighing between 20 and 35 g. 
were used throughout. The animals were given free access to food 
and water before and during the evaluation. The testing was sched- 
uled so that no mouse was used more often than once a week. 


Prior to the administration of any drug, the rectal temperature 
of each mouse was determined using a telethermometer with rectal 
probe. The rectal temperature then was measured at 4,6, and 24 hr. 
after the intraperitoneal administration of reserpine, 2.5 mg./kg. 
One week later, the same group of mice was given a dose of the 
synthesized drug intraperitoneally, followed by intraperitoneal 
administration of reserpine 4 hr. later. The ability of the compound 
to reverse the reserpine-induced hypothermia 4, 6, and 24 hr. after 
the reserpine injection was noted. 


Doses of the individual compounds were isomolar with respect to 
the standard: iproniazid. Most of the drugs were sufficiently soluble 
to be given either as a solution or as a stable suspension in propylene 
glycol. 


Results-The experimental results are listed in Table 11. 
Discussion of Results-The pharmacologic data reveal bioactivity 


differences among the synthesized compounds in the test method 
utilized. Some of the more significant may be summarized. Among 
hydrazine derivatives, the 3-pyridyl series is less active than the 
Cpyridyl. Also, among hydrazine derivatives, N-benzyl derivatives 
tend to be more active than the corresponding diacyl derivatives, 
but a significant exception is found in the case of the trimethoxy- 
benzoyl derivatives which are more active than the benzyl deriva- 
tives. Actually, highest activity is found among the trimethoxy- 
benzoyl derivatives. The hydrazine derivatives tend to be more 
potent than the amides, but some exhibit significant potency in the 
test. 


On the basis of probable metabolic alterations, the bioactivity 
of the diacylhydrazines in uivo could be dependent upon three 
species. These are: the intact diacyl hydrazine, which should possess 
little activity; the monoacyl hydrazine, which might possess some 
activity; and hydrazine which should possess little activity, all to the 
extent that in vitro structureactivity relationships apply. In analo- 
gous fashion, the bioactivity of the alkyl acyl hydrazines would be 
dependent upon two species: the alkyl acyl hydrazine and the alkyl 
hydrazine. Again, to the extent that in vitro structureactivity 
relationships relate to activity in the intact animal, both of these 
might possess significant activity. In the case of amides, the likely 
species would be the amides and the amines. Significant inhibitory 
potency associated with either of these would not be expected. 
On the basis of the foregoing, the activity of the compounds syn- 
thesized and evaluated would be amides, diacyl hydrazines, and 
acyl alkyl hydrazines, in increasing order. 


As the summary of the results indicates, the results anticipated 
are, in a general way, obtained, but there are important exceptions 
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Table 11-Effect of the Synthesized Compounds on Body Temperature 


-Body Temperature (OF.) 1 


0 hr. 4 hr. 6 hr. 24 hr. 


Control with known drug 
Reserpine" 
Reserpine & ioroniazi& 


100 87(2.7)b 
102 93(2. 7)d 


~I 


I 1-[3-(3-Pyr~dyl)glycidyl]-2-benzyl hydrazine: (significantly active) 


I1 l-[3-(3-Pyridyl)glycidyl]-2-benzoyl hydrazine: (significantly active) 


Reserpinea 100 87.1(3.36) 
Reserpine & exp. drugc 102 91.3(3.43) 


Reserpine 101.1 88.7(1.99) 
Reserbine & exu. drug 99 88.0i2.5)' 


111 N-l-[3-(~-Pyridyl)glycid~]-N-2-(3,4,5-trimethoxybe~oyl)hydrazine: (signif.) 
Reserpine 103 88.1(2.56) 
Reserpine & exp. drug 102 89.7( 1 .58) 


IV 1-[3-(4-Pyridyl)glycidyl]-2-benzyl hydrazine : (significantly active) 
Reserthe 100 9u1.7) 
Reserbine & exm drug 100 96io. 9 5 ~  \ ,  


V 1-[3-(4-Pyridyl)gly&dyl]-~-benzoyl hydrazine : (significantly active) 
Reserpine 100.6 90.2(2.35) 
Reserpine & exp. drug 100.6 84.3(2.62)d 


VI N-1-[3-(4-Pyridyl)glycidyl]-N-2-(3,4,5-trimethoxybe~oyl)hydrazine: (signif.) 
Reserpine 101 88.Y1.95) 
Reserpine & exp. drug 100 85. ~(2.97jd 


VII N,N-Diethyl-3,3-diphenylglycidamide: 
Reserpine 101 89.8(3.1) 
Reserpine & exp. drug 101 89.3(2.65) 


Reserpine 100 84.8(2.21) 
Reserpine & exp. drug 100 95.4( 1. 67)d 


Reserpine 101 89.3(2.83) 
Reserpine & exp. drug 100.6 88.1(2.5) 


Reserpine 102 93(2.3) 
Reserpine & exp. drug I02 9q1.8) 


Reserpine 100 91.6(1.7) 
Reserpine & exp. drug 100 93(1.7) 


Reserpine 101 89.q2.69) 
Reserpine & exp. drug 101 88.q2.69) 


VIII N,N-Diethyl-3-dibenzosuberylglycidamide: (significantly active) 


IX N,N-Diethylxanthylglycidamide: (significantly active) 


X N-3-Xanthylglycidyl-N-methylpiperazine: 


XI N,N-Diethyl 3,3-diphenylmethylglycidamide: 


XI1 N,N-Dibenzyl-3-(4-pyridyl)glycidamide: 


76.q2.47) 
89.5( 1. 76)d 


74.2( 1.49) 
84.2(1. 92)d 


69.8(2.32) 
89.5(2. 7)d 


81(3.1) 
91(1.5p 


80.6(3.08) 
80.3(1.97) 


70.3(2.06) 
83.8(2.89)" 


83.2(2.94) 
85.3(2.55) 


84.4(1.79) 
94.1( 1 . 69)d 


80.q3.48) 
87.0(3.02)4 


91(2.4) 
93(2.1) 


9w2.3) 
9q2.3) 


88.8(1.87) 
88.2(2.33) 


85(3.3)* 
92(2. 5)d 


89.0U.6) 
87.1(2.17) 


83.1(2.61) 
84.q1.48) 


84.2(2.99) 
89. q2. 26)d 


87( 3 .2) 
89(2.0) 


86.8(3.33) 
83.q3.09) 


85.2(3.67) 
85.4(2.07) 


84.8(1.85) 
87.q2.76) 


80.2(1.85) 
88.2( 1 . 72)d 


85.1(2.71) 
86.8(2.99) 


93(2.8) 
95( 1.7) 


9q2.7) 
93(2.6) 


88.2(1.92) 
89.8(2.09) 


a Induced rectal temperature depression with intraperitoneal reserpine, 2.5 mg./kg., in male Swiss-Webster mice. b Standard deviation in paren- 
d Signifi- theses. c Reversal of reserpine-induced rectal hypothermia in male Swiss-Webster mice; both drugs were administered intraperitoneally. 


cantly active; p = 0.01. 


such as the high activity of the trimethoxybenzoyl derivatives 
and the amides. In this connection, it is well recognized that there 
is not necessarily a direct relationship between in uitro potency and 
activity in uico. Additionally, it has been demonstrated that imi- 
pramine can reverse reserpine-induced hypothermia, probably 
through some other mechanism than inhibition of monoamine 
oxidase. The possible operation of these factors might account 
for the deviations from anticipated results. The possible operation 
of these factors throughout the series also precludes a precise 
delineation of structural features associated with activity. Through 
further biological evaluations and the synthesis of related com- 
pounds, it is hoped that this more precise delineation can be made. 


Spasmolytic Activity-Method-The method for the determina- 
tion of spasmolytic activity was adapted from the method of Miller 
et al. (12). The method is simple and convenient and allows potency 
estimates of a new compound against an established reference drug 
such as atropine. The method adapted here was the ability of the 
synthesized compound to reduce the spasm induced by a spasmogen 
on an isolated rabbit ileum versus the ability of the atropine to 
reduce the spasm of the spasmogen in the rabbit ileum in a set 
amount of time. 


A Tyrode's solution of the following composition in grams per 
liter of purified water was used as the bath fluid: 


Sodium chloride 9.0 
Potassium chloride 0.2 
Calcium chloride 0.2 
Magnesium chloride 0.1 
Sodium bicarbonate 1.0 
Sodium acid phosphate 0.05 
Glucose 1 .o 


The smooth muscle employed as test tissue was a strip of ileum 
1-2 cm. in length, quickly removed from a recently sacrificed rabbit. 
The strip was suspended in the 10-ml. chamber filled with Tyrode's 
solution maintained at 37". The muscle contractions were amplified 
and recorded on an E. and M. physiograph through a myograph 
attachment. 


The remaining smooth muscle not being used was placed in 
Tyrode's solution suitably aerated and kept at constant temperature 
at 37" for subsequent pharmacological evaluation. 


Test samples of freshly prepared solutions of the glycidyl com- 
pounds were prepared in concentrations of 1.4 X 1W6 mM. An 
aqueous solution of atropine sulfate, 1.4 X mM, was used as 
the standard spasmolytic agent throughout the study. 


An aqueous solution of mecholyl chloride was used as the stan- 
dard spasmogen in millimolar quantities (1.3 mM). 
A glass cylinder of 10-ml. capacity, equipped with an air inlet 


and a drainage arrangement maintained in a constant-temperature 
bath, was used throughout. The muscle chamber was equipped 
with an aerating tube which effectively aerated the muscle strip and 
efficiently mixed the test drugs. 


As soon as the suspended strips had recovered from the contrac- 
tion caused by the operative manipulations, the testing was begun. 
The dose of the spasmogen was administered to produce virtually 
maximum contraction. The spasmolytic agent was introduced 
without washing out the spasmogen. The degree of relaxation 
produced in the first 2 min. was noted. Following the observation 
the drug containing Tyrode's solution was flushed out and replaced 
with fresh solution. When the strips had relaxed to the former 
tonus level, they were ready for another trial. 


Results-The pharmacological data on the spasmolytic activity 
of Compounds VII, VIII, and X are represented in Table 111, 
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Table 111-Summary of Data Showing Concentration-Response Relationships for the Spasmolytic Effects of Compounds VIl, VIII, and X 
and Atropine Sulfate Against Methacholine Chloride-Induced Spasm in Excised Rabbit Ileum 


~~ 


Spasmolytic Agent---- 
Compound X Compound VIII Compound VII Atropine Sulfate 


1.15 x lo-‘ 2.88 x 10-4 2.88 and 4.32 X 2.88 x M1. added to 10-ml. muscle bath 0.8  ml. 2 . 0  ml. 2 . 0  ml., 3.0  ml. 0 . 2  ml. 
Concentration in muscle bath 
Response: No. positive/No. tried 7/10 6/10 0/10 1/10 8/10 
Relative potency 2 . 5  1 .o 0 1 x 102 


noting concentration in millimolar quantities as well as relative 
potency when compared to atropine sulfate. 


Discussion of Results-Examination of Compound X reveals 
that it is about 2.5 times as active as Compound VIII. Compound 
VII was found to be inactive in the ability to reduce the spasms 
induced by mecholyl. While spasmolytic activity is present in Com- 
pounds X and VIII, the activity present is only about 1/40th and 
1/100th, respectively, that of the standard spasmolytic agent, 
atropine sulfate. 


REFERENCES 


(1) M. S. Newman and B. J. Magerlein, in “Organic Reactions,” 


(2) H. 0. House, “Modern Synthetic Reactions,” W. A. 


(3) G. Omodt and 0. Gisvold, J. Amer. Pharm. Ass., Sci. Ed., 


(4) A. J. Speciale and H. W. Frazier, J. Org. CAem., 26, 3176 


(5) L. H. Schlager, Arch. Pharm., 296,217(1963). 
(6) E. A. Zeller, J. Biol. Chem., 234,389(1959). 


Vol. V, Wiley, New York, N. Y., 1949, p. 413. 


Benjamin, New York, N. Y., 1965, p. 240. 


49, 153(1960). 


(1961). 


(7) J. A. Carbon, W. P. Burkard, and E. A. Zeller, Helu. Chim. 


(8) J. H. Biel, in “Molecular Modification in Drug Design,” 


(9) J. H. Biel, in “Psychopharmacological Agents,” M. Gordon, 


Acia, 41,1883(1958). 


American Chemical Society, Washington, D. C., 1964, p. 124. 


Ed., Academic, New York, N. Y., 1964, p. 384. 
(10) R. E. Taylor, J .  Pharmacol. Exp. Ther., 138,201(1962). 
(11) S. Garrattini, A. Giachetti, A. Jori, L. Pieri, and L. Valzelli, 


(12) L. C. Miller, T. J. Becker, and M. L. Tainter, 1. Pharmacol. 
J. Pharm. Pharmacol., 14, 509(1962). 


Exp. Ther., 92,260(1948). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 13, 1969, from the College of Pharmacy, Uni- 


Accepted for publication February 18, 1970. 
* Present address: School of Pharmacy, Northeast Louisiana 


t Present address: College of Pharmacy, Idaho State University, 


versity of Texas a1 Austin, Ausiiti, T X  78712 


State College, Monroe, LA 71201 


Pocatello, ID 83201 


Dissolution of Macromolecules 11: Dissolution of 
an Ethylene-Maleic Acid Copolymer 


ALLEN HEYD”, DANE 0. KILDSIG, and GILBERT S. BANKER 


Abstract Factors influencing the dissolution of an ethylene-maleic 
acid copolymer have been studied. Polymer swelling, hydrated 
layer thickness, and solvent pH were shown to influence the dis- 
solution of the polymer. Linear dissolution rates were observed 
following an initial induction period. Hydrated layer thickness was 
found to be a controlling factor in the dissolutioy process. An 
immersion refractometry method was employed to measure aqueous 
polymer concentrations during dissolution. 


Keyphrases 0 Ethylene-maleic acid copolymer-dissolution u 
Tablets, ethylene-maleic acid copolymer-dissolution study 
Dissolution test apparatus-diagram c] Refractometry, immersion 
-polymer determination 


Previous investigators of polymer dissolution have 
studied the dissolution of polystyrene in organic sol- 
vents (1-3). However, a detailed investigation of the 
dissolution in aqueous solvents of polymers having 
reactive functional groups has not been reported. In an 
earlier report the surface phenomena associated with the 
dissolution of such polymers were described (4). The 
present investigation reports the dissolution of an 
ethylene-maleic acid (dicarboxylic acid) copolymer as 
affected by these surface parameters. 


EXPERIMENTAL 


Polymeric materials are widely used in many pharma- 
ceutical systems. In systems utilizing polymer films and 
particularly in dosage forms in which the polymer is 
compressed in tablets to produce controlled drug re- 
lease, the dissolution of the polymer is an important 
parameter. Polymer systems are frequently sought 
which, based on their dissolution properties, will pro- 
vide a particular type of drug release. 


The ethylenemaleic acid copolymer, referred to as EMA-22, and 
the polymer tablets used in this study were identical to those used 
in a previous investigation (4). The measurement of polymer swell- 
ing, solvent penetration, and hydrated layer thickness was also 
identical to that of the earlier study (4). 


The dissolution apparatus employed for the study of polymer 
dissolution is shown in Figs. 1-3. Figure 1 describes the sample 
holder; Fig. 2 shows the dimensions of the Plexiglas dissolution cell. 
Figure 3 is a schematic representation of the dissolution unit and 
the component parts that made up the entire system. The lip of the 
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Although these data clearly showed that the comparative vis- 
cosity decreased with added water as would be expected, the actual 
differences in viscosity between the various systems were felt to be 
greater than the numerical differences in the penetrometer readings. 
This is because the probe used for the measurements was an in- 
verted cone and at greater penetrations, a greater cross section of 
the cone would contact the sample. Therefore, for greater penetra- 
tion, a larger portion of the sample would support the load and 
prevent further penetration. A better estimate of the difference in 
relative viscosity of these samples would take into account this 
change in effective contact area of the probe with the sample. 
Considering this aspect, it would then be estimated that the sample 
with 27.5 water would be over 200 times as viscous as the sample 
with 48.5% water. From Fig. 14, the 5x magnesium stearate 
sample would therefore approximately correspond to the 27 
water sample while the drug-CaHPO4.2Hz0 behaved like the 4 8 x  
water sample. 


The combined interpretation of Figs. 13 and 14 would suggest 
that magnesium stearate did reduce the water content in the powder 
bed and that this, in turn, yielded a wet powder blend of high vis- 
cosity. Dissolution of the drug would then be slowed due to the 
limited area of contact between the wet powder mass and the fluid. 
Dissolution would proceed by mechanical erosion, diffusion, and/or 
solution of drug and filler. I r z  uiuo it would seem these powder 
masses might remain intact for a considerable time if the agitation 
conditions are indeed low. In addition, an in vivo pH near neutral 
would favor stability of the wet powder mass. 
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Hydrolysis of Lincomycin-%phosphate and Clindamycin-2-phosphate 


T. 0. OESTERLING and E. L. ROWE 


Abstract The aqueous stabilities of lincomycin-2-phosphate and 
its 7-deoxy-7(S)-chloro analog, clindamycin-2-phosphate, were 
studied at a variety of temperatures and pH values. The predomi- 
nant degradative routes of lincomycin-2-phosphate in the pH range 
1-10 are thioglycoside and phosphate ester hydrolysis, and pH-rate 
studies show that it is most stable at pH 6-10. Clindamycin-2- 
phosphate degrades by three major routes from pH 1 to 10 with 
phosphate ester and thioglycoside hydrolysis predominating at pH 
less than 6 and scission of 7(S)-C1 to form the 7(R)-OH analog 
predominating at pH greater than 6. The rate of 7(S)-C1 to 7(R)-OH 
conversion was obtained using gas chromatography to measure the 
disappearance of clindamycin in reaction mixtures prepared under 
identical conditions as clindamycin-2-phosphate reaction mixtures. 
Rates of phosphate ester hydrolysis of the two compounds were 


measured by spectrophotometric determination of the amount of 
inorganic phosphate formed in reaction mixtures as a function of 
time. Apparent first-order rate constants of phosphate ester hy- 
drolysis as well as activation energies (32.1 kcal./mole for lincomy- 
cin-2-phosphate and 32.9 kcal./mole for clindamycin-2-phosphate) 
agree favorably. The rate of lincomycin-2-phosphate hydrolysis in a 
formulated pediatric syrup at room temperature agrees favorably 
with extrapolated rates from high temperature hydrolysis in simple 
solutions. 
Keyphrases Lincomycin-2-POr-hydrolysis kinetics 0 Clinda- 
mycin-2-P04-hydrolysis kinetics 0 Stability-lincomycin-, clinda- 
mycin-2-P04 aqueous solutions pH effect-lincomycin-, clinda- 
mycin-2-P04 hydrolysis rates Colorimetric analysis-spectro- 
photometer 


The antibiotics lincomycin and clindamycin are disadvantages such as bitter taste or poor absorption in- 
herent in the parent molecule. The derivatives must 
possess the same activity as the parent compound or be 
rapidly reverted to parent in Dim. Lincomycin has a bit- 
ter taste which is difficult to mask in pediatric liquid 
formulations. The Cz phosphate ester of lincomycin 


highly effective in the treatment of infections caused by 
Gram-positive organisms (1, 2) and clindamycin pos- 
sesses marked antiplasmodial activity as well (3). At times 
it is desirable to make derivatives from compounds such 
as lincomycin and clindamycin in order to circumvent 
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was synthesized by Morozowich et al. (4) as a potential 
nonbitter derivative with the same activity as the parent 
compound. Clindamycin hydrochloride is poorly soluble 
at pH values above 6 and its C2 phosphate ester was 
synthesized ( 5 )  to obtain a derivative of high water 
solubility near neutral pH. 


The purpose of this study was to  investigate the sta- 
bility of lincomycin-2-phosphate (I) and clindamycin-2- 
phosphate (11) in aqueous solutions in order to  supply 
basic information necessary for the successful formula- 
tion of these drugs in liquid dosage forms. The effects of 
pH and temperature on the rate of phosphate ester 
hydrolysis of lincomycin-Zphosphate and clindamycin- 
2-phosphate were determined. These data allowed the 
establishment of maximum stability conditions and the 
prediction of room temperature stability. 


I 


I1 


EXPERIMENTAL 


Nhterials-Lincomycin-2-phosphate, clindamycin-2-phosphate, 
and clindamycin hydrochloride containing less than 2 impurities 
were supplied by the research laboratories of the Upjohn Company. 
All other chemicals were reagent grade. 


Kinetic Studies-Lincomycin-2-phosphate-The rate of hydrolysis 
of lincomycin-2-phosphate was studied in the pH range 6-9 at 59.4, 
69.6,79.6, and 93.5" and in the extended pH range 0.1-10 at 90.0". 
All reaction mixtures except those of less than pH 2 at 90" were pre- 
pared at the temperature of the run by adjusting the pH of 90 ml. of 
solution containing lincomycin-2-phosphate and sodium chloride to 
the desired pH by the addition of 1 M HC1 or NaOH. After the 
volume was adjusted to 100 mi., the final concentration of lincomy- 
cin-Zphosphate was 0.02 Mand that of sodium chloride was 0.1 M. 
The sodium chloride was added to  minimize ionic strength effects. 
Reaction mixtures adjusted to pH less than 2 at 90" were prepared to  
contain 0.02 Mlincomycin-2-phosphate and 0.1,0.5, and 1 iMHC1, 
respectively. These reaction mixtures did not contain sodium 
chloride. After preparation, 5-ml. portions of reaction mixtures were 
filled into ampuls, sealed, and immersed into the appropriate con- 
stant-temperature baths. Ampuls were withdrawn at appropriate 


times and frozen until assayed for inorganic phosphate by the pro- 
cedure described below. 


Clindamycin-2-phosphate-The effect of pH on the rate of phos- 
phate ester hydrolysis of clindamycin-2-phosphate was studied in 
the pH range 6-9 at 90". It was necessary to buffer clindamycin-2- 
phosphate reaction mixtures because, unlike lincomycin-2-phos- 
phate, the pH drifted sharply downward as the reaction proceeded. 
This decrease in pH may be caused by degradation at C, of clinda- 
mycin-2-phosphate (6). Reaction mixtures were prepared to contain 
0.02 M clindamycin-2-phosphate, 0.2 M ethylenediamine, or tris 
(hydroxymethyl) amhomethane' (tromethamine) buffers adjusted to 
the desired pH at the temperature of the run, and sufficient potassium 
chloride to adjust the ionic strength to 0.3. Aliquots of the reaction 
mixtures were filled into ampuls which were sealed and immersed in 
constant temperature baths. Ampuls were withdrawn at appropriate 
times and frozen until assayed for inorganic phosphate by the pro- 
cedure described below. 


All reaction mixtures in which phosphate ester hydrolysis was 
measured were prepared with freshly boileddeionized water.ThepHs 
of the samples from all kinetic runs were measured, and a run was 
discarded if the pH of the final sample varied by more than 0.2 pH 
units from the initialsample. 


Rates of phosphate ester hydrolysis were determined by least- 
squares analysis of log (P+ - Pi,&time data, where Pi.m is the 
molar concentration of inorganic phosphate present at completion of 
hydrolysis which is equivalent to the initial molar concentration of 
lincomycin-2-phosphate or clindamycin-2-phosphate, and Pi. is the 
molar concentration of inorganic phosphate present at any time. 


A previous study (6) has indicated that in addition to phosphate 
ester hydrolysis a t  Position 2, clindamycin-2-phosphate will undergo 
degradation at C? to form the 7-(R)-OH analog in the pH range 6-9. 
To measure the rate of degradation at Position 7, reaction mixtures 
containing clindamycin hydrochloride were prepared identical to 
those containing clindamycin-2-phosphate, and the amount of intact 
clindamycin remaining with time was determined by GLC (6). 


Inorganic Phosphate Assay-The method is essentially that de- 
veloped for assay of free inorganic phosphate in methylprednisolone 
phosphate (7). The reagents used were ammonium molybdate, 2 .0z 
solution in double-distilled water, acetate buffer prepared by dis- 
solving 310 ml. glacial acetic acid, 49 g. anhydrous potassium acetate, 
and 48 mg. anhydrous cupric sulfate in double-distilled water to a 
total volume of 1000 ml., 2.0% ascorbic acid solution in double- 
distilled water, and 20% stannous chloride stock solution in concen- 
trated hydrochloric acid. One milliliter of the stock stannous 
chloride solution was diluted to 100 ml. with double-distilled water 
just prior to use. 


Stability samples were assayed for inorganic phosphate by adding 
1.0-ml. aliquots of the reaction mixtures to 50 ml. of acetate buffer in 
100-ml. volumetric flasks. After thorough mixing, 5.0 ml. ammo- 
nium molybdate solution, 5.0 ml. ascorbic acid solution, and 5.0 ml. 
of the diluted stannous chloride solution were added with mixing 
after each addition. The solution was adjusted to 100 ml., mixed 
again, and allowed to stand 30 min. The absorbance was determined 
at 740 mp against a water blank using 1.0-cm. cells within a period of 
3 hr. After confirming that Beer's law applied in the concentration 
range of interest, the concentration of inorganic phosphate was 
determined by comparing the absorbance of the unknown solutions 
with that of a standard solution. 


RESULTS AND DISCUSSION 
The phosphate ester moieties of lincomycin-2-phosphate and 


clindamycin-2-phosphate hydrolyzed by an apparent first-order 
process under all experimental conditions. Some typical first-order 
curves of lincomycin-2-phosphate hydrolysis are shown in Fig. 1. 


The effects of pH and temperature on the rate of phosphate ester 
hydrolysis of lincomycin-2-phosphate are shown in Table I. In gen- 
eral the hydrolysis rate constants from reaction mixtures of similar 
pH were in good agreement. The discrepancy in the data from the pH 
1.1 reaction mixtures at 90" may be due to the high dependency of 
rate constant on pH in this region. The rates of phosphate ester 
hydrolysis of clindamycin-2-phosphate as a function of pH and 
temperature are shown in Table 11. Although ionic strengths are 
different and the clindamycin-2-phosphate reaction mixtures contain 
buffers, there is good agreement between its rate constants and those 
of lincomycin-2-phosphate at a given temperature and pH. 
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Figure I-Hydrolysis of lincomycin-2-phosphate at 93.5". Key: 0, 
pH8.4; A,pHB.O; O, p H  7.5; A, p H  7.0; 0, pH 6.2. 


The pH-rate relationship for lincomycin-2-phosphate is shown in 
Fig. 2 for 59.4,69.6, and 79.6" and in Fig. 3 for 90". Above pH 5 the 
dependency of rate on pH is quite similar to that of monoalkyl 
phosphates such as methyl phosphate (9) and carbohydrate mono- 
phosphates such as a-D-glucose-1-phosphate (10). For monoalkyl 
phosphates and carbohydrate monophosphates the decrease in rate 
with increasing pH in this pH range is attributed to the decreasing 
concentration of the monoanionic species, the dianionic species 
being much less reactive. Since the pKa values of the phosphate 
moiety of lincomycin-2-phosphate are roughly 2 and 6 (4), the mono- 
anionic species is present at maximum concentration at about pH 4, 
and the decrease in rate above pH 5 in Fig. 3 is probably due to de- 
creasing concentration of monoanion. 


Below pH 5 the rate of lincomycin-2-phosphate hydrolysis in Fig. 
3 appears to be constant to about pH 1. In this pH range the two 
predominant species are the monoanion and the undissociated form 
of the phosphate moiety. The monoanion actually exists as a zwit- 
terion and the undissociated form carries a net charge of f l  due to 
protonation of the amino group. (The pKa of lincomycin hydro- 
chloride is 7.6.) The monoanion is present at maximum concentra- 
tion at about pH 4 and decreases with decreasing pH, whereas the 
undissociated form increases in concentration as pH decreases in this 
range. The rate of hydrolysis in this pH range is the sum of the rates 
of hydrolysis of the monoanionic and undissociated form and this 
sum is a constant between pH 1 and 5. The pH profile of methyl 
phosphate shows a decrease in rate from pH 4 to pH 1 and this de- 
crease is explained as corresponding to a decrease in the monoanion 
concentration, the undissociated form being relatively unreactive 
(9). On the other hand, the rate of glucose-1-phosphate hydrolysis 
increases rapidly between pH 5 and 1 and this increase is explained as 
due to the increase in concentration of undissociated glucose-l- 
phosphate (10) which is much more reactive than the cor- 
responding form of methyl phosphate. Since the reactivities 
of the monoanionic species of lincomycin-2-phosphate (Table 
I), methyl phosphate (9), and glucose-1-phosphate (10) as 
well as hydroxyalkyl and alkyl monophosphates of similar structure 
(I 1) are of the same order, the plateau region of the lincomycin-2- 
phosphate pH profile between pH 1 and 5 indicates that the undisso- 
ciated form of lincomycin-2-phosphate is more reactive than that of 


Table I-Apparent First-Order Rate Constants of Phosphate Ester 
Hydrolysis of Lincomycin-2-phosphate 


PH Temperature, "C. k X 1O8sec.-' 


6.2 
6 .6  
7.0 
7.5 
8.0 
8.4 
8.6 
6.2 
6.6 
7.0 
7.5 
8.0 
8.4 
8.6 
6 .2  
6.6 
7.0 
1.5 
8.0 
8.4 
8.6 
0. 15Q 
0. 46Q 
1.1Q 
1.1" 
2.0 
2.1 
3.0 
3.1 
4.0 
4.2 
5.0 
5.1 
6.6 
7.4 . .  . 


8.0 
8.5 
9.6 
6.2 
6.6 
7.0 
7.5 
8.0 
8.4 
8.6 


59.4 
59.4 
59.4 
59.4 
59.4 
59.4 
59.4 
69.6 
69.6 
69.6 
69.6 
69.6 
69.6 
69.6 
79.6 
79.6 
79.6 
79.6 
79.6 
79.6 
79.6 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
93.5 
93.5 
93.5 
93.5 
93.5 
93.5 
93.5 


9.06 
4.05 
1.68 
0.613 
0.289 
0.243 
0.162 


28.6 
14.9 
6.69 
2.50 
0.903 
0.532 
0.556 


119 
59.1 
26.0 . 
10.7 
4.83 
2.88 
2.11 


5010 
2040 
1770 
765 
735 
875 
749 
719 
755 
725 
668 
708 
309 
66.4 
i2.2 
8.89 
4.23 


94 1 
356 
184 
61.5 
23.8 
14.3 
11.3 


a Calculated from pH = logf(HC1) where (HC1) is the experimental 
molarity and f is the mean activity coefficient for HCI at 90". extrap- 
olated from the literature (8).  


methyl phosphate but less reactive than the undissociated form of 
glucose-1-phosphate. 


There are at least two possible explanations for the sharp increase 
in rate of lincomycin-2-phosphate hydrolysis below pH 1 shown in 
Fig. 3. Both are based on the formation of new species which are 
more reactive than the undissociated form of lincomycin-2-phos- 
phate. The first of these species may be the conjugated acid form of 
lincomycin-2-phosphate where conjugate acid is defined as the 
structure(s) resulting from protonation of the uncharged phosphate 
moiety. The other reactive species which may be formed at pH less 
than 1 is lincomycin-1-phosphate. Acid-catalyzed phosphoryl group 


Table 11-Apparent First-Order Rate Constants of Phosphate Ester 
Hydrolysis of Clindamycin-2-phosphate 


Temperature, k X 10s 
PH Buffer "C. sec.-l 


7.50 0 .2  M Tromethamine 59.5 0.757 
7.50 0.2 MTromethamine 70.0 3.61 
7.50 0.2 M Tromethamine 80.0 14.6 
5.95 0.2 M Ethylenediamine 90.4 278 
6.40 0 .2  M Ethylenediamine 90.4 185 
6.80 0.2 M Tromethamine 90.4 72.7 
7.30 0.2 M Ethylenediamine 90.4 69.5 
7.40 0.2 MTrometharnine 90.4 41.3 
7.50 0.2 M Tromethamine 90.4 46.8 
7.75 0.2 M Tromethamine 90.4 24.4 
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Figure 2-pH-rate profile of phosphate ester hydrolysis of linco- 
mycin-2-phosphate. 


migration in monoesters containing suitably placed hydroxyl 
groups, such as lincomyin-2-phosphate, has beenextensively reported 
(12,13), and the new reactive species, lincomycin-1-phosphate, may 
be formed by phosphoryl group migration from Cz to CI. These 
migrations occur through formation of a five-membered cyclic 
intermediate (13). Glucose-1-phosphate is much more reactive than 
glucose-2-phosphate in this pH region (14) and by analogy lincomy- 
cin-1-phosphate would be expected to be more reactive than 
lincomycin-2-ph~sphate, thus causing the increase in observed 
hydrolysis rate below pH 1. A prerequisite to migration of the 
phosphoryl group from Cz to Cl in lincomycin-2-phosphate is 
cleavage of the thioglycoside bond to form the Cl hydroxy com- 
pound. Thioglycoside hydrolysis has been reported as the major 
route of degradation of clindamycin in the pH range 0.4 to 4 (6) .  
Extrapolation of these reported rate constants of thioglycoside 
hydrolysis to 90" reveals that the rate of thioglycoside hydrolysis is 
about five times greater thsn phosphate ester hydrolysis at pH 1 and 
falls to about two times greater at pH 4. Thus migration of the 
phosphoryl group from Cz to C1 is possible, and the increase in rate 
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Figure 3-pH-rate profile of lincomycin-2-phosphate hydrolysis at 
90". 
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Figure &Rate-pH profile of phosphate ester hydrolysis of' clinda- 
niycin-2-phosphate at 90" and 1.1 = 0.3. Key: 0, Tromethuniitie 
buffer; 0, ethylenediarnine bufer. 


of lincomycin-2-phosphate hydrolysis below pH 1 may be due to 
the formation of the more reactive species, lincomycin-1-phosphate. 


Migration of the Cz phosphate group to the other adjacent hy- 
droxyl at CB probably also occurs at pH < 1 (12), forming another 
species of the same order of reactivity as the 2-phosphate. However, 
it is unlikely that any phosphate migration occurs at higher pH since 
none was detected when lincomycin-2-phosphate was heated in 80 
acetic acid (4), and alkaline migration does not occur in monoesters 
of this type (1 3). 


The pH-rate relationship for phosphate ester hydrolysis of clinda- 
mycin-2-phosphate in ethylenediamine and tromethamine buffer in 
pH range 6-8 is shown in Fig. 4. Similar slopes of the two curves 
indicate that the rate of hydrolysis changes with pH to approxi- 
mately the same extent in each buffer; however, nonoverlapping 
curves indicate that there is a buffer effect since at constant pH the 
rate is faster in ethylenediamine buffers. In both buffers, however, 
the pH-rate relationship is similar to that observed with lincomycin- 
2-phosphate between pH 6-8, i.e., increasing hydrolysis rate as pH 
decreases. 


The apparent first-order rate constants of degradation of clinda- 
mycin under conditions identical to clindamycin-2-phosphate are 
shown in Table 111. According to a previous report (6), there are 
several products of clindamycin degradation in this pH range but the 
major degradative route is conversion to  lincomycin. The influence 
of the phosphate ester moiety on the rate of lincomycin conversion is 
unknown when clindamycin alone is reacted; however, the relatively 
large distance between Positions 2 and 7 and the absence of conjuga- 
tion minimize any substituent effects. The data in Table 111 indicate 
that the sum of the rate constants of lincomycin conversion and the 
other minor reactions is about 100 times greater than the rate of 
phosphate ester hydrolysis between pH 6 and 7.85. Thus, the phos- 
phate ester moiety of clindamycin-2-phosphate is not the least stable 
portion of the molecule in this pH range. Extrapolation of rates of 


Table 111-Apparent First-order Rate Constants of 
Clindamycin Degradation at 90°C. 


PH Buffer k X lob sec.-l 


6.05 0.2 M Ethylenediamine 1.05 
6.90 0.2 M Tromethamine 2.58 
7.40 0.2 M Tromethamine 4.80 
7.85 0.1  M Tromethamine 6.32 
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Table IV-Activation Energy of Phosphate Ester Hydrolysis of 
Lincomycin-2-phosphate and Clindamycin-2-phosphate 


Compound pH Ea, kcal./mole 


Lincomycin-2-phosphate 6.20 33.3 


Lincomycin-2-phosphate 7.05 33.5 
Lincomycin-2-phosp hate 6.65 32.1 


Lincomycin-2-phosphate 7.55 33.1 
Lincomycin-Zphosphate 8.05 32.2 
Lincomycin-2-phosp hate 8.40 30.1 
Lincomycin-2-phosphate 8.65 30.4 
Clindam ycin-2-phosphate 7.50 32.9 


phosphate ester hydrolysis and rates of degradation of other areas of 
the clindamycin-2-phosphate molecule to 25“ shows that a liquid 
formulation adjusted to pH 7.4 would not meet stability criteria of 
less than 10% degradation after 2 years. However, these criteria are 
satisfied in the pH range 3.5 to about 6.5. Preliminary studies of 
lincomycin degradation alone indicate that the phosphate ester 
moiety is the least stable area of lincomycin-2-phosphate in the pH 
range 1-10. Calculations, using Tables I and IV data, show that 
lincomycin-2-phosphate meets the above stability criteria in the pH 
range 3.5-10. 


Arrhenius plots of phosphate ester hydrolysis of lincomycin-2- 
phosphate at a variety of pH values and of clindamycin-2-phosphate 
at pH7.5in tromethamine buffer are shown in Fig. 5. Since clindamy- 
cin-2-phosphate was a parenteral product candidate, its activation 
energy was determined only at optimum physiological pH. Activa- 


-5.0 


-6.0 


Y 


0 
m--7.0 
- 


-8.0 


Table V-Apparent First-order Rate Constants for Lincomycin-2- 
phosphate Hydrolysis in Pediatric Formulation 


Temperature, ----k X 1O1O see.-’-- - 
O C .  Predicteda Found 


25 
40 
47 
56 


~~ 


0.239 
2.68 
9.77 


35.9 


~ 


0.441 
5.01 
7.54 


35.4 


Calculated from EA = 32.1 kcal./mole and k = 2.50 X 10-8 sec.-1 
at 70“. 


tion energies calculated from these curves are shown in Table IV. Good 
agreement between the activation energies of the two compounds 
was observed as expected since conversion of clindamycin to linco- 
mycin is about lOOtimes faster than phosphate ester hydrolysis at this 
pH. Assuming that the monoanion is the predominant reactive 
species in the pH range reported in Table IV, the activation energies 
are in good agreement with values reported for phosphate esters of 
similar structure (1 1). 


Accelerated stability studies of the type described in this study are 
useful in the prediction of product stability and determination of 
optimum formulation parameters. These studies in simple buffered 
solution provide baseline rate data for comparison with rates of 
degradation in actual formulations. Any influence of additives in a 
liquid formulation such as preservative, flavor, color, or solubilizing 
agent on the rate of drug degradation can be detected and corrected 
if necessary. Some early data on the hydrolysis of lincomycin-2- 
phosphate in a pediatric formulation containing sucrose, sorbitol, 
glycerin, preservatives, alcohol, saccharin, flavor, and color at a pH 
of 7.5 are shown in Table V along with rate constants predicted from 
70” data in simple solution. Although hydrolysis had not occurred 
to greater than 3 z, agreement between simple solution and formula- 
tion hydrolysis is reasonable and indicates that none of the formula- 
tion ingredients significantly influences lincomycin-2-phosphate 
hydrolysis. 
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Effect of Heavy Water on Three High Producing Strains 
of Penicillium chrysogenum 


KASHEED MOHAMMED, DANIEL A. NONA, and MARTIN I. BLAKE 


Abstract Three high antibiotic-producing strains of Penicillium 
chrysogenum (Wisconsin Q176, 51-20F3, and 49-133) were ex- 
amined for their ability to grow and produce penicillin in nutrient 
solutions containing pure heavy water. Penicillin titer values and 
pH changes were observed over the culture study period. Wisconsin 
Q176 responded most favorably. Continuous feeding of dextrose 
and potassium phenylacetate gave better antibiotic titers than a 
single addition of the two components. With either feeding regimen, 
potassium phenylacetate was more effective as a precursor than 
N-(p-hydroxyethy1)phenylacetamide or a-phenylacetamide. L- 
Leucine added together with potassium phenylacetate further 
enhanced penicillin production. The production of the yellow pig- 
ment associated with Wisconsin Q176 in protio nutrient cultures 
was suppressed in deuterium oxide nutrient cultures. 


Keyphrases 0 Deuterium oxide effect-Penicilhm chrysogenum 
penicillin production [7 Penicillin production, P.  chrysogenum- 
deuterium oxide effect 0 Media additives, effect-penicillin produc- 
tion Additives, single, multiple feedings-penicillin production, 
P.  chrysogenum 


Extensive studies have been reported in the literature 
pertaining to  the effects of deuterium oxide on various 
organisms. In each case, deuterium oxide was sub- 
stituted for water either partially or in toto in the 
nutrient medium. These investigations have been sum- 
marized by Flaumenhaft et al. (1) and by Katz (2), who 
thoroughly surveyed deuterium oxide effects on orga- 
nisms. 


Nona et al. ( 3 )  studied the effect of deuterium oxide 
on the culturing of Penicillium janczewskii and the 
antifungal activity of fully deuteriated griseofulvin. 
In an earlier report, Mohammed et al. (4 )  investigated 
the effect on the growth and antibiotic production of a 
number of low producing strains of Penicillium. My- 
celial dry weights, pH variations, and penicillin potency 
over a 90-day study period were included in that study. 


In the present study three high producing strains 
of Penicillium, the parent strain and two mutants, were 
cultured in water and deuterium oxide by a continuous 
feeding technique and by a single addition of dextrose 
and a precursor. 


EXPERIMENTAL 


Strains of Penidlium ch ysogenum-Three high producing 
strains of Penicillium were used in the present study: Wisconsin 
Q176l and two of its mutants, Wisconsin 51-20F32 and Wisconsin 
49-133.2 Two methods for preserving the stock cultures were 
utilized: on agar slants (4) at 5" and by lyophilization of healthy 
spores. The spores were suspended in 1.0 ml. of calf serum and the 
suspension was freeze-dried. The lyophil cultures were stored at 
5" .  Propagation of the spores from the lyophil tube was effected 


Obtained from Northern Utilization Research and Development 
2 Supplied by Dr. J. F.  Stauffer and Dr. M. P. Backus, Professors of 


Div., Peoria, IL 61604 


Botany, University of Wisconsin, Madison, WI 53706 


by first suspending the freeze-dried material in Sabouraud liquid 
medium. Agar slants were then prepared from this enriched medium. 
Fungal spores obtained from these slants were used for inoculation 
of the seed inoculum medium. 


Preparation of the Seed Inoculum-A standard salt mixture was 
used throughout this study. The composition of the mixture was 
(g./100 ml. of solvent): NaN03, 0.3; MgSOa.7Hz0, 0.025; KH2- 
POa, 0.05; ZnS04 7Hz0, 0.005; CuSOa. 5Hz0, 0.0003; FeSO4. 
7H20, 0.005. To prepare the seed inoculum 7.0 g. of dextrose was 
added to the basic salt mixture. The pH of the solution was ad- 
justed to 6.5 with 25% potassium hydroxide solution. Finally 
calcium carbonate, 1.2 g., was added. Ninety milliliters of this 
medium was placed in a 1-1. conical flask; the flask was stoppered 
with nonabsorbent cotton, capped with aluminum foil, and then 
sterilized. One loopful of spores obtained from an agar slant pre- 
pared as described under Strains of Penicillium chrysogenum was 
used to inoculate the flask. A thick vegetative growth was obtained 
within 48-54 hr. which was then used for inoculating the fermenta- 
tion nutrient medium. 


Protio and Deuterio Nutrient Media-The protio and the deuterio 
fermentation media both had the same nutrient composition: the 
basic salt mixture as indicated under Preparation of Seed Znoculum, 
together with dextrose and a precursor, or a combination of pre- 
cursors, as listed under Procedures. The protio nutrient medium and 
a deuterio nutrient medium contained distilled water and pure 
deuterium oxide (99.6%) as the solvents, respectively. However, in 
preparing the deuterio nutrient medium, the exchangeable hydrogen 
of the components was replaced with deuterium by dissolving the 
nutrient mixture in deuterium oxide and lyophilizing. This pro- 
cedure was repeated to ensure complete exchange. Finally the pH 
was adjusted to 6.5 with 25% (w/v) potassium hydroxide in deuter- 
ium oxide, and 1.0 g. of calcium carbonate/100 ml. of solution was 
added. After sterilization, 10 ml. of inoculum was added to each 
flask/lOO ml. of nutrient medium. In the case of the deuterio inocula- 
tion, the seed inoculum was filtered through a Seitz pressure filter, 
and the vegetative mycelial growth was washed with deuterium oxide 
under aseptic conditions prior to inoculation of the sterilized 
deuterio fermentation nutrient medium. 


Procedures-The sterilization techniques, the measurement of 
pH, and penicillin bioassay determinations have been described in 
an earlier paper (4). Preparation of the seed inoculum and all 
fermentations were conducted on an Eberbach rotary shaker at 
210 r.p.m. Incubation temperature was kept at 26-28", and the 
relative humidity was between 20 and 30%. In all cases, the pH 
of the fermentation medium was adjusted to 6.5 with 25% potassium 
hydroxide solution, and 1.0 g. of calcium carbonate was added/100 
ml. of medium. One hundred milliliters of nutrient medium was 
added to a 3-1. conical flask; the flask was plugged with nonab- 
sorbent cotton, capped with aluminum foil, and sterilized. 


One series of experiments involved a single addition of dextrose 
and a precursor or precursors to the basic salt mixture prior to 
sterilization. The concentration of dextrose was 3.0z. The follow- 
ing precursors were studied (g./100 ml. of nutrient solution): 
potassium phenylacetate, 0.3; a-phenylacetamide, 0.3; N-(O-hy- 
droxyethyl)phenylacetamide, 0.3; and L-leucine, 0.06. 
In a second study, dextrose, 2.0 g . ,  and potassium phenylacetate, 


0.3 g., or N-(0-hydroxyethyl)phenylacetamide, 0.3 g., dissolved in 
8.0 ml. of solvent were fed continuously to the basic salt mixture 
which contained 1.0% dextrose. 


In a third experiment, a solution of dextrose containing 2.0 g. 
in 8.0 ml. of solvent was fed continuously to the basic salt mixture 
which contained, in addition to 1.0% dextrose, 0.3 % a-phenylacet- 
amide. 


Following sterilization, the nutrient medium in each flask was 
inoculated with 10 ml. of seed inoculum. After fermentation had 
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Table I-Penicillin Production, p H  Plateau, and Time for Maximum Penicillin Production by PeniciNium chrysogetzum Strain, 
Wisconsin 4176 


Peak Penicillin Time for Maximum 
Production, u./rnl. Production, days pH Plateau Additive 


Potassium phenylacetate (HzO)e 
Potassium phenylacetate (DzO)~ 
Potassium phenylacetate (HzO)~ 
Potassium phenylacetate (DzO)~ 
L-Leucine + Potassium phenylacetate (HzO)~ 
L-Leucine + Potassium phenylacetate (DzO)~ 
N-((3-Hydroxyethyl)phenylacetamide ( H z O ) ~  
N-((3-Hydroxyethy1)phenylacetamide (DzO). 
N-((3-Hydroxyethyl)phenylacetamide (HzO)~  
N-(0-Hydroxyethy1)phenylacetamide (DzO)b 
a-Phenylacetamide (HzO)" 
a-Phenylacetamide (DzO)e 
a-Phenylacetamide (HzO)b 
a-Phenylacetamide (DzO)b 


Q Continuous feeding. b Single addition, prior to sterilization. 


849 6.5 7.8 1-7.84 
6Oi 
155 
511 
896 


6.5 
6 . 5  
6 . 5  
7.5 


7.00-7.10 
7.81-7.90 
6.91-6.92 
7.82-7.91 


742 6.5 7 .1e7 .11  


348 8 . 5  
812 7.5 7.79-7.84 


7.02-7.08 
751 7 . 5  7.89-7.95 
375 8.5 7.01-7.05 
785 6.5 7.8 1-7.9 1 
306 7.5 7.12-7.22 
780 6 . 5  7.78-7.93 
284 5 . 5  7.12-7.21 


proceeded for 20-30 hr., the flasks containing 1.0% dextrose in 
the basic salt formula were fed continuously as indicated in the 
second and third experiments above. The pH of the continuous 
feed mixture was adjusted to 6.5 with 25% potassium hydroxide in 
water or deuterium oxide and sterilized separately in a 250-ml. 
conical flask. A 240-mm. length of rubber tubing was connected 
to the tip of a 10-ml. microburet equipped with a Teflon stopcock, 
and the top was plugged with nonabsorbent cotton. The apparatus 
was wrapped in aluminum foil and sterilized in a dry heat oven at  
180" for 4-6 hr. A sterile transfer chamber was used for transferring 
the feed mixture to the buret. The rubber tubing from the buret 
was wrapped with the flask's sterile cotton plug and inserted into 
the flask in such a way as to have at  least 100-120 mm. of the tubing 
extending inside the flask below the cotton plug. The culture 
nutrient flask was placed on the shaker with the buret fitted securely 
with a vinylized three-finger jaws clamp attached to a heavy-based 
buret stand. The solution was introduced at  the rate of 0.08 ml. per 
hour and required 100 =t 4 hr. for the entire solution to be added. 
Triplicate flasks were prepared for each single addition and con- 
tinuous feeding experiment. 


RESULTS AND DISCUSSION 


Growth Observation-The three strains of Penicillium studied 
grew well in the protio seed nutrient medium. Profuse growth was 
evident within 24 hr. The culture appeared very thick and gelatinous 
after 48 hr. Fermentation of the protio or deuterio culture medium 
which contained all the additives introduced at  one time produced 
greater mycelial growth than the corresponding continuous slow 
feeding culture. Numerous globular pellets were produced in the 
protio fermentation cultures that had the nutrients added in a single 
addition. These pellets were tan in color and varied in size from 1 t o  5 
mm. in diameter. When deuterium oxide was used as the solvent, 


the organisms manifested morphological changes. Small spherical 
pellets appeared after 60-70 hr. of fermentation. These pellets were 
white to gray in color and varied in size from 1 to 3 mm. in diameter. 


After 24 hr. fermentation, both the protio and deuterio cultures 
which contained an initial 1.0% dextrose in the basic salt mixture 
showed sparse pellet formation. These pellets varied in size from 
1 to 4 mm. in diameter in the protio culture and 1 to 2 rnm. in dia- 
meter in the deuterio culture. Continuous slow addition of the feed 
solution to either the protio or deuterio fermentation medium re- 
sulted in an enlargement rather than an increase in the number of 
pellets. After 15@160 hr., the increase in size of the pellets ranged 
from 4 to 8 mm. in diameter in the protio culture and 2 to 6 mm. in 
diameter in the deuterio culture. 


A yellow pigment was secreted in all protio cultures fermented 
by Wisconsin Q176. This phenomenon characteristic of the strain 
was not observed in any of the deuterio fermentation cultures. 


Penicillin Production-The three strains of Penici/lium under 
study responded differently in protio and deuterio fermentation 
culture. Overall, penicillin production and the pH plateau were 
higher for the protio fermentation culture than for the corresponding 
deuterio fermentation culture. 


Tables I, 11, and I11 show penicillin production, pH plateau, and 
time for maximum penicillin production for strains 4176, 51-20F3, 
and 49-133. Continuous feeding of dextrose and potassium phenyl- 
acetate gave a higher penicillin assay than single addition. 
Soltero and Johnson (5) obtained increased penicillin titers by the 
continuous feeding of glucose or sucrose to the protio fermenta- 
tion media. These workers used a single addition of lactose in the 
fermentation media as the control. In the present study, a repressive 
effect in penicillin yield was noted in all deuterio fermentation cul- 
tures. Similar observations were reported in an earlier paper (4). 
However, at that time, low antibiotic-producing strains of Penicillium 
were examined, and the additives were introduced in a single addi- 


Table 11-Penicillin Production, p H  Plateau, and Time for Maximum Penicillin Production by Penicilliitm chrysogenum Strain, 
Wisconsin 51-20F3 


Additive 
Peak Penicillin Time for Maximum 


Production, u./ml. Production, days pH Plateau 


Potassium phenylacetate ( H z O ) ~  1952 7.5 
Potassium phenylacetate (DzO). 79 6 . 5  
Potassium phenylacetate (HZO)~ 1352 6 .5  
Potassium phenylacetate (D20)b 21 6.5 
L-Leucine + Potassium phenylacetate (HzO)b 2173 7 . 5  
L-Leucine + Potassium phenylacetate (DzO)b 40 6.5 
N-(0-Hydroxyethy1)phenylacetamide (HzO)" 1701 7.5 
N-((3-Hydroxyethy1)phenylacetamide (DzO)e 79 6.5 
N-((3-Hydroxyethy1)phenylacetamjde (HZO)b 1607 6.5 
N-((3-Hydroxyethyl)phenylacetamide (DzO)b 68 6.5 
or-Phenylacetamide (HzO)" 944 7.5 
a-Phenylacetamide (DZO). 69 6 . 5  
a-Phenylacetamlde (HZO)b 898 7 .5  
or-Phenylacetamide (DzO)b 56 6.5 


a Continuous feeding. b Single addition, prior to sterilization. 


7.76-I.E'O 
7.11-7.13 
7.63-7.65 
7.11-7.15 
7.87-7.91 
6.96-6.98 
7.86-7.90 
6.94-6.97 
7.89-7.91 
6.99-7.00 
7.68-7.71 
6.96-6.98 
7.80-7.81 
6.80-7.01 
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Table III--Penicillin Production, pH Plateau, and Time for Maximum Penicillin Production by Penicillium rhrysogenum Strain, 
Wisconsin 49-1 33 


Additive 
Peak Penicillin Time for Maximum 


Production, u./ml. Production, days pH Plateau 


Potassium phenylacetate (HzO)” 
Potassium phenylacetate (D20)a 
Potassium phenylacetate (H20)h 
Potassium phenylacetate (DZO)~ 
L-Leucine + Potassium phenylacetate (HzO)b 
L-Leucine + Potassium phenylacetate (D20)h 
N-(P-Hydroxyethy1)phenylacetamide (H20)’ 
N-(P-Hydroxyethy1)phenylacetamide (DzO)” 
N-(P-Hydroxyethyl)phenylacetam/de (HzO)~ 
N-(P-Hydroxyethy1)phenylacetamide ( D20)b 
a-Phenylacetamide (H20)Y 
a-Phenylacetamide (DzO). 
a-Phenylacetamide (HpO)b 
a-Phenylacetamide (DzO)~ 


1993 
120 


1372 
20 


2397 
50 


1731 
80 


1545 
71 


1164 
112 


1101 
39 


6 . 5  
6 . 5  
6.5 
6.5 
6 . 5  
7.5 
7.5 
7 . 5  
7.5 
6 . 5  
7 .5  
7 . 5  
7.5 
6 .5  


~~ 


7.4&7.80 
6.97-6.99 
7.19-7.32 
7.00-7.02 
7.86-7.91 
7.02-7.04 
7.28-7.80 
6.98-7.00 


6.98-6.99 
7.69-7.74 
7.07-7.10 
7.68-7.13 
6.93-7.48 


7.76-7.80 


a Continuous feeding. b Single addition, prior to sterilization. 


tion. Table I shows that continuous feeding of dextrose and potas- 
sium phenylacetate to the deuterio fermentation medium gave 
higher penicillin production than a single addition, 601 u./ml. 
versus 51 1 u./ml. In the corresponding deuterio experiments with 
mutant strains 51-20F3 and 49-133, the penicillin titers were 
drastically reduced. The two mutants gave higher penicillin titers 
than the parent strain (4176) in protio fermentation culture. In 
deuterio cultures, the parent strain yielded more penicillin than the 
mutants. Christensen (6) indicated that the virulence of mutants 
placed in a different environment may equal, exceed, or be less than 
the parent strain. Changes in the original characteristics of the 
mutants usually result in altered production of enzymes and organic 
acids. 


L-Leucine significantly stimulated penicillin production in protio 
fermentation culture (Tables I, 11, and 111). In deuterio fermentation 
culture enriched with the amino acid, the stimulating effect in 
penicillin production did not occur with strains 51-20F3 and 
49-133. Strain Qt76 produced 742 u./ml. with L-leucine and 511 
u./ml. without L-leucine. This represents an increase of 45.2z. 
Foster (7) explained that leucine served as a precursor for the 
azolactone moiety of the penicillin molecule. 


Continuous feeding or a single addition of dextrose and N-@- 
hydroxyethy1)phenylacetamide in protio culture showed relatively 
high penicillin titers when fermented with either of the three strains 
of Prnicillium (Tables I, 11, and 111). Penicillin production in the 
related deuterio fermentation culture with strains 51-20F3 and 
4%133 (Tables 11 and 111) showed about a twentyfold reduction 
in antibiotic production and about a twofold reduction with strain 
Q176 (Table 1). 


Dextrose administered by either feeding regime to ct-phenylacet- 
amide-enriched protio culture did not greatly affect antibiotic pro- 
duction. In deuterio fermentation culture, Wisconsin 4176 (Table I) 
gave higher penicillin titers than the other two strains. 


Tables 11 and 111 show that strains 51-20F3 and 49-133 were 
limited in their capacity to produce antibiotic in a D20 environ- 
ment. This severe reduction in antibiotic production in each case is 
apparently related to a low pH plateau. With these two mutants, it 
appears higher pH plateaus are necessary to activate the enzyme 
system required for penicillin biosynthesis. The parent strain Q176 
consistently maintained a higher pH plateau and higher penicillin 
titers in each deuterio fermentation culture studied. 


Table I indicates that in deuterio fermentation culture, addition 
of the precursor potassium phenylacetate gave the highest penicillin 
titers among the precursors added singly. A combination of L-leu- 
cine and potassium phenylacetate further enhanced penicillin pro- 
duction. In deuterio fermentation culture (Tables I1 and JII), severe 
repression in antibiotic production was evident with each precursor 
investigated. However, no significant differences were observed in 
the quantities of penicillin produced. Apparently the amount of 
penicillin produced in deuterio fermentation culture is not as de- 
pendent on the type of precursor used as on the strain of Peni- 
cillium. 
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ionized species at the interface is balanced by a high partition co- 
efficient and vice versa. All of these conclusions also apply to  
the case of acidic drugs in an analogous way. 
In the study of rat intestinal and gastric absorption of sulfon- 


amides, Koizumi et al. (6, 7) derived a first-order rate constant, 


abP K, .\/M = ___ 1 + a P  


where M is the molecular weight of the sulfonamide, K, is the 
absorption rate of the nonionized moiety, a and b are constants, 
and P is the partition coefficient. 


Equation 38 was found to be in good agreement with a large 
number of in situ experiments. It is noteworthy that the substitution 
of Eq. 35 or 35a into 24 gives 


K - - A D R . -  BP 
Vh 1 + B P  l k -  (Eq. 39) 


Both equations have the same form, although the methods of 
derivation are different. In the next paper, the results of Koizumi 
et a[. and others will be discussed and compared with a similar 
model as presented in this study but modified to simulate the gastric 
and intestinal membrane. 


APPENDIX 


Numerical Calculating Procedure-To calculate the change of 
(TR)-*, the concentration profile of R in the lipid phase with time 
and other parameters, the procedure shown in Scheme I is 
used. The input data are given in Table I. After t = 0, a series 
of calculation procedures undergo integration for each time incre- 
ment, f + At. The (TR)-h and (Ri) at time t are determined by the 
stepwise integration of Eqs. 12-15a or 156, depending upon the 
choice of the perfect-sink or no-sink case, by the Runge-Kutta 
technique for the initial period, t 5 3At, and thereafter by the pre- 
dictor-corrector method of Hamming (10). The calculation of the 
derivatives in Eqs. 12-15 is performed in the subroutine DRVT 
after evaluating G in the subroutine CALCG. 


The procedure of subroutine CALCG is as follows. The first 
step involves the calculation of (H+)-h from the fourth-power poly- 
nominal Eq. 16 by the Newton-Raphson method. Then (R)+ 
(RH+)-A, (B-)-h, and (HB)-A are obtained from Eqs. 1,2, and 4, re- 
spectively. The next step is the evaluation of (Hc)-o from Eq. 17. 
In turn, (B-)--o, (HB)-0, (RH+)-o and (R)-o are found, using Eqs. 4, 
7, and 18 and finally G by Eq. 6. 
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Theoretical Model Studies of Drug Absorption 
and Transport in the Gastrointestinal Tract I1 


AKIRA SUZUKI*, W. I. HIGUCHI, and N. F. H. HO 


Abstract 0 Multicompartment diffusional models for the absorption 
of neutral, acidic, basic, and amphoteric drugs were investigated. 
The general model consisted of a bulk aqueous phase, an aqueous 
diffusion layer, n-compartments of homogeneous and heterogeneous 
phases, and a perfect sink. With the mathematical techniques 
reported previously, equations were derived in general terms 
for the nonsteady- and steady-state periods. Utilizing the steady- 
state diffusion efficiency function of the barrier systems, the first- 
order rate constants for various examples of two- and three-com- 
partment models were obtained from the general model and some 
computations were given. Various sets of in situ experimental rat 
data have been analyzed by means of the different models. These 


include the intestinal, gastric, and rectal absorption of sulfon- 
amides and barbit uric acid derivatives. Self-consistent dimensional 
constants and diffusion coefficients were arrived at and the correla- 
tions obtained with the models have been found to be generally 
satisfactory. 


Keyphrases 0 Theoretical models-drug absorption, transport, 
gastrointestinal tract 0 Drug absorption, transport, gastrointestinal 
tract-theoretical models, equations derived 0 Kineticsdrug 
absorption, transport 0 Sulfonamides-absorption, diffusion 
data, rats 0 Barbituric acid derivatives-absorption, diffusion 
data, rats 


In a previous paper the diffusion of basic and acidic 
drugs across an aqueous diffusion layer and a lipid 
compartment in a homogeneous two-phase model was 
presented (1). It provided a mathematical technique 
whereby more complicated models can be handled. A 


function was also derived which was found useful in 
analyzing the diffusion rate with respect to the parti- 
tion coefficient, surface and bulk pH, dissociatiQn con- 
stant, diffusion coefficients, and diffusion layer thick- 
ness. 
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In contrast to the two-phase model, this study de- 
scribes a more general model in an attempt to simulate 
the diffusion of drug across the biological membrane 
and is easily adaptable to various conditions as the case 
may be. It utilizes the same mathematical techniques 
and computer method of numerical calculation hereto- 
fore mentioned. The appropriate theoretical relation- 
ships are also applied to some in situ experiments on 
absorption of sulfonamides and barbiturates in the rat 
intestine, stomach, and rectum. 


I C 
I 
I Q L .  I 
I (1 - 4 ; 
I 
I 
I 
I 


I 
I 
I 
I 
I 
1 
I 
I 


- 


I (2) 
I 
I 
I - THEORY 


General Description of the Multicomparhnent Model and Non- 
steady-State Diffusion-The general theory involves the simple 
diffusion in one dimension through multicompartments, each 
compartment being homogeneous or heterogeneous in phase ac- 
cording to the situation and representing different structural 
regions of the system (Fig. 1). The first compartment consists of 
a bulk aqueous phase and a diffusion layer of thickness h. The ith 
compartment (i  = 2, 3 .  . . n) represents a portion of the membrane 
having distinct but uniform diffusional characteristics. The present 
general treatment will be assumed to  be heterogeneous, i.e., consist- 
ing of aqueous and lipid phases. Its thickness is Li and the volume 
fraction of lipid is ai. After the nth compartment, there is a perfect 
sink. 


Let us now consider the drug also in general terms. The ionic 
equilibria of an amphoteric drug in water are 


KI K2 
R,+ e RWo + H+ c R,- + 2H+ (Eq. 1)  


and 


where (Rw+), ( R J ,  and (RWo) are the concentrations of the cationic, 
anionic, and unionized drug species, respectively, in water (subscript 
w);  Kl and KZ are the dissociation constants; and (H+) is the hydro- 
gen-ion concentration. For a basic drug, Kl is its dissociation con- 
stant with KZ = 0; for an acidic drug, Kz is its dissociation constant 
with Kl = m ; for a neutral drug, KI = m and Kz = 0. 


In the initial period, one assumes steady-state fluxes in the diffusion 
layer and nonsteady-state fluxes in the outer compartments. There- 
fore, applying Fick's first law, 


where G is the total flux of the drug species in the diffusion layer and 
D is the diffusion coefficient. 


The description of the concentration-distance change with time is 
complex. Each compartment, except the first, is divided into unit 
cells of equal intervals, Ax%. The distribution of drug between the 
lipid and aqueous phases in each cell is assumed to be instantane- 
ously established and follows the Nernst relationship: 


(Ro+)ij = Pt+(Rw+)ij (Eq. 5a) 
(Roo)ij = Pi0(Rwo)ij (Eq. 56) 
(Ro-)ij = Pi-(Rw-)ij (E4. 5c) 


where Pi+, P,O, and Pi- are the partition coefficients of the cationic, 
nonionic, and anionic species, respectively; and the subscripts i ,  j ,  0, 
and w denote the ith compartment, jth cell, lipid, and aqueous 
phases, respectively. It is also assumed that the hydrogen-ion con- 
centration in each compartment is constant; i.e., the buffer capacity 
is large. The total drug concentration Yij of thejth cell in the ith 
compartment is 


From Eqs. 2,3,5,  and 6, the following are obtained 


(RO+)ij = co.i+. Yij 
(Roo)ij = C0.i'. Yij 
(Ro-)ii = Co,i-. Yij 


(R,+)ij = cw,i+. Y*j 
(RWn)ij = C,,io. Yij 
(%-)if = cw.i-. YiY 


(Eq. 7 4  
(Eq. 76)  
(Eq. 7 4  
(Eq. 7 4  
(Eq. 7 4  
0%. 7 f )  


where 


Co,z+ = Pz+(H+)iz//8t (Eq. 8a) 
Co.? = Pin(H+)iKi/Pi (Eq. 86) 
C0.i- = P,-KiK2//8i (Eq. 8 4  
Cw,i+ = (H+)%'/ipi (Eq. 8 4  
Cm.?  = (H+)iKi/Pi (Eq. 8 4  
C w , i -  = KiKz/Pi (Eq. 8 f )  


[ (H+ISz  + Ki(H+)i + KXzl 0%. 9 )  


where C,,i-, C,,?, and C,,i+ are the fractions in the respective 
anionic, nonionic, and cationic forms ofthe total concentration of the 
particular species in the aqueous phase of the ith compartment; and 
Co,,-, etc., are defined in the same manner. Equations 7-9 indicate 
that the concentration of drug species in a particular phase of a unit 
cell, for example, (Roo)ii* is interdependent with other species in the 
various phases through Yii and its magnitude is determined by the 
coefficient Co,io, which in turn is directly influenced by the (H+)i and 
the partition coefficient of the species. 


The flux from the j to the j + lth cell in the ith compartment is ex- 
pressed by 


flz = mi[Pi+(H+)i2 + Pi°Ki(H+)i + Pi-&KzI + (1 - at) 


Gi(j+j+l) = (c~i[Do+(R&i - RT.i;+1) 
+ DoO(RL - E , i i + d  + Do-(Ri,ii - Ri,i;+dI 


+ (1 - ~ui)[Dw+(R2,;i - R&j+d + Dwo(RO,,ii - R:,ii+i) 
+ Dw-(Ri,;i - Ri , i ;+dI l /A~ i  0%. 10) 


In terms of the total concentration in the cell, Eq. 10 is rewritten as 
follows: 


where the effective diffusion coefficient in the compartment, Derf( i ) ,  
is 


D.ff(i) = ai[Do+Coi+ + DOOCOi~ + Do-Co;-I + (1 - ai) 


[D,+C,i+ + DwoCWio + Dw-Cwj-] (Eq. 12) 
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derives the steady-state rate equation, Using the finite-difference method and Eq. 11, the nonsteady-state 
concentration change in the j th  cell of the ith compartment with 
time may be expressed by the following equation, 


dYij _ -  Gi(j-1-tj) - Gi(j-+j+l) - 
dt AX,. 


( j  = 2, 3, 4.. .jl - 1) (Eq. 13) 


Now that the diffusional movement from cell to cell in a compart- 
ment has been described, one must further account for the continu- 
ity of the flow between compartments by applying the boundary 
condition that the total flux to the interface is equal to the total flux 
from the interface. Therefore, 


d(TR)w" - =  - K,(TR),,1 
dt 


where (TR),.l is the total concentration of drug in the water phase 
(Compartment 1) and the rate constant K, is 


where V is the volume of the bulk aqueous phase, Ll is the thickness 
of the aqueous diffusion layer, and the function f is the diffusion 
efficiency coefficient of the barriers in the system. In the nonstation- 
my-state period, the function f is time dependent; however, after the 
lag time, 7, i.e., 


L2 f- La +2-- (RZ/R3) ] pq, 20) 
= 0 ' 5  [G) Deff(3) Pam+3)Derf(3) 


for a threecompartment model,' the f is time independent and is 
given by the general relationship, 


where G ~ ( i + i + ~ )  is the total flux immediately to or from the 
boundary, the subscript j l  is the last cell of the ith compartment, Ri 
and Ri+l are the ratio of the actual surface area of the ith and i + lth 
compartment, respectively, to  the geometrical surface area A and, ac- 
cordingly, Rc and Ri+' 2 1. The Yi.t(i,i+l) is the total concentration 
at the interface on the ith-compartment side and Peff(i,i+l) Yint(i,i+l) is 
the total concentration at the interface on the i + lth compartment 
side where Peff(i,i+l) is the effective partition coefficient between the 
respective compartments. Under the assumption that the activity of 
the unionized drug species on both sides of the boundary is the same, 
it follows that 


and, consequently, 


(Eq. 156) 


The average rate of change in concentration in the last cell of the 
ith compartment is 


and in the fist cell of the i + lth compartment is 


Thus, Eqs. 13, 17a, and 176 describe the nonsteady-state diffusion 
across the barrier system in a general manner. The method of nurner- 
ical calculation of the rate and concentration-distance distribution 
was described previously (1). 


Stead y-State Diffusion-Previously, the mathematical technique 
of obtaining the steady-state rate, lag time, and rate constant 
for the diffusion of drug across a two-phase homogeneous barrier 
was described under the assumption of an initial quasi-steady- 
state flux in the aqueous diffusion and a perfect sink. Similarly, one 


APPLICATION OF THE STEADY-STATE 
THEORY TO SOME SPECIFIC MODELS 


The foregoing general steady-state theory can be applied to some 
specific multicompartment models. To reiterate some of the assump- 
tions made, (a) after a lag period the concentration gradient of the 
diffusing species in each compartment is linear and, subsequently, 
(6) the drug diffuses across the barriers at a steady-state rate into a 
perfect sink. The various models are shown in Figs. 2-3 and the lag 
time can be estimated from Eq. 20 for each model. In addition to the 
previous assumptions, it is specified that only unionized molecules 
can partition into the lipid phase, i.e., P,+ = P,- = 0, and that the 
aqueous diffusion coefficients in a compartment (DW,i) of all ionized 
and unionized species are equal. Also, let the partition coefficient P,O 
= P and the fraction of undissociated molecules in the aqueous 
phase in a compartment Xi = C,.? (see Eq. 8). The effective diffu- 
sion coefficient in a compartment (Deff(i)) consisting of a homo- 
geneous phase is simply the diffusion coefficient of the drug in that 
phase; otherwise, in a heterogeneous compartment it is given by Eq. 
12. 


With the appropriatesubstitution of Eqs. 2,3,8,9,12,156, and 21 
according to the model into Eq. 19, the absorption rate constant for 
basic, acidic, or amphoteric drugs can be derived in such a form that 
is convenient for analysis with experimental data. 


Model I: Aqueous-Lipid Compartments-This model consists of a 
bulk aqueous phase with a diffusion layer and a lipid phase (a2 = 1). 
With the effective partition coefficient between compartment 
Peff(l-+2) = PXl and Deff(z) = Do, the rate constant is given by 


where 


(Eq. 226) 


Model 11: (a) Aqueous-Lipid-Aqueous and (b)  Aqueous-Aqueous- 
Lipid Compartments-In Model IIa, there are three homogeneous 
compartments in which the two aqueous phases are separated by a 
lipid one. The aqueous phases may be of different composition 
and pH. The relationships, Peff(l+z) = P X ,  and Petf(z+a) = 1 /PK 


'For more than three compartments, T will be of the same form 
except that the cross terms will be more complicated. 
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Compartment 


MODEL I 


Compartment 


Comportment 
1 2 3 


I 
I 


'AQ. 


I 


MODEL Il-a 


Comvartment 


MODEL 111 MODEL II- b 


Figure 2-Some specific models used for the application of the steady-state transport theory. 


are readily derived and, when introduced into Eq. 19, 


where Bi and B2 are defined by Eqs. 224 226, and 


It is noted that the first and second compartments of Model IIa are 
the same as in Model I. Comparing Eqs. 22 and 23, the third com- 
partment in the series is accounted for by the addition of a third term 
in the denominator of the rate-constant equation. The rate-deterrnin- 
ing factors may be easily deduced by Eq. 23. When the lipid com- 
partment is the rate-determining barrier, the determining factors 
may be low lipid diffusivity and/or the concentration of unionized 
drug at the aqueous-lipid interface through XI and the partition 
coefficient. In turn, XI depends upon the pH and the nature of the 
drug, i.e., whether it is amphoteric, acidic, basic, or neutral. Also, if 
the partition coefficient is high, the transport across the first and the 


third compartments will be rate determining and the lipid compart- 
ment behaves essentially as a control reservoir. 


In Model IIb the sequence of the compartments is different from 
the previous model. The second aqueous compartment may be 
thought to be analogous to the presence of a mucoid or thick pro- 
teinaceous layer intervening between the bulk aqueous and lipid 
phases. This model is similar to the membrane described by Robert- 
son (2) in which he assumed that it consisted of phospholipids with a 
protein envelope. Although identical in form to Eq. 23, the rate- 
constant equation is 


and the coefficients are 


Compartment 


Compartment 


1 " 2  3 " 


I 157 1 6 ~  I 1 5 ~  I 
cm. 


(a) NEUTRAL DRUG 


Figure 3-Time-dependent concentration distribution profiles in the aqueous and lipid phases of Model IV. The model consists of an aqueous 
compartment followed by lipid and heterogeneous compartments. V = I0 e m 3 ,  A = 10 cma, R2 = 100, R3 = I ,  a1 = 0, aa = I ,  
a3 = 0.1, D, = 10-0 cm.= see.-', Do = see.-', P = 100. In 3a, only a neutral drug is used. In 3b an acidic drug (pKa = 6) is 
used. Key: ---, unionized form; and - - -, ionized form. 
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Table I-Comparison Between the Numerically Calculated and 
Estimated Values of the Lag Time T and the Steady-State Diffusion 
Efficiency Coefficient F in Model IV 


Toale., r.st.rO 


Drug sec. F d C .  SeC. f 
Acidic 10 0.976 8 0.98 
Neutral 200 0.90 140 0.90 


5 rest. calculated from Eq. 20 and f from Eq. 21. 


Table II-Maximum Rate Constant of Gastric Absorption in Rats 
and Some Physical Constants of Sulfonamides" 


Sulfonamide K,, hr.? Pb pKat pKaz 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


14 


15 
16 
17 


Sulfanilamide 
Sulfanilacetamide 
Sulfaguanidine 
Sulfapyridine 
Sulfadiazine 
Sulfamet hoxazole 
Sulfathiazole 
Sulfamerazine 
Sulfisoxazole 
Sulfamethizole 
Sulfisomidine 
Sulfamethazine 
Sulfamet hoxy- 


pyridazine 
Sulfamono- 


methoxine 
Sulfaet hidole 
Sulfadimethoxine 
Sulfaphenazole 


0.075 0.36 
0.068 0.87 
0.010 0.03 
0.087 2.24 
0.090 1.54 
0.200 22.00 
0.061 0.52 
0.070 2.10 
0.210 22.40 
0.094 2.20 
0.027 0.40 
0.140 3.61 
0.079 1.31 


0.200 14.70 


3.36 10.43 
1.78 5.38 
2.75 12.05 
2.58 8.43 
2.00 6.48 
1.76 5.80 
2.36 7.12 
2.26 7.06 
1.55 5.10 
2.00 5.45 
2.36 7.5 
2.36 7.38 
2.06 7.00 


2.00 5.90 


0.180 8.00 1.93 5.60 
0.190 77.80 2.02 6.70 
0.200 87.90 1.9 6.50 


a Data taken from Reference 4 .  6 P is the partition coefficient of 
unionized drug between isoamyl alcohol and water at 37". 


Model 111 : Aqueous-Lipid/Aqueous Compartments-Unlike the 
previous cases, this model provides for a heterogeneous phase 
system to simulate a membrane consisting of lipoidal cells in an 
aqueous intercellular fluid environment. In this way, all molecular 
species existing in the aqueous diffusion layer are able to  permeate 
through the heterogeneous compartment ; however, the rate is 
determined by the effective permeability coefficient, 


Keif(i-+Z) = Peff(l-+2)Deff(~) 


0%. 25) 
and, with Xz = (Rwo)z/[(R,o)z + (RW+)z + (R,-)z] and Eqs. 2-3, it 
follows that 


Therefore, 


where B1 is defined as before, 


(Eq. 27a) 


(Eq. 276) 


As the volume fraction of lipid approaches unity (a2 + l), the model 
becomes more like Model I. Higuchi and Higuchi (3) also made a 
theoretical analysis of the diffusional movement of drugs through 
heterogeneous barriers; however, their results are somewhat differ- 
ent from the authors'. They also considered the effect of the shape 
and size of the internal phase and drug interactions with the internal 
phase. 


L ACIDIC 


0.90 I,,,, 
0 200 400 600 800 


TIME, sec. 


Figure 4-Change in the function F with time during the nonsleady- 
and steady-state transport of neutral and acidic drugs in Model IV. 


0 300 600 900 
TIME, sec. 


Figure 5-Total amount of drug accumulated in the perfect sink 
with time according to Model IV. 


Model IV: Aqueous-Lipid-Lipid/Aqueow Compartments-For 
this model, consisting of barrier compartments of homogeneous 
aqueous and lipid phases in series followed by a heterogeneous 
compartment, or parallel barrier, numerical calculations were 
performed. Figures 3a and b show the concentration-distance 
distribution changes with time for a neutral drug, such as dibutyl- 
phthalate or cholesterol, and an acidic drug, pKa = 6. A pH1 of 
6.4 in the bulk aqueous phase and pHs of 7.4 in the heterogeneous 
phase were chosen for their close association with physiological 


Table I&-Maximum Rate Constants of Gastric Absorption in 
Rats and Some Physical Constants of Barbituric Acids" 


Barbiturate K,, hr.? Pb pKal 


1 Barbital 
2 Probarbital 
3 Allobarbital 


0.053 3.82 7.91 
0.082 8.81 8.01 
0.092 16.80 7.79 


4 Phenobarbital 0.135 34.40 7.41 
5 Cyclobarbital 0.142 4.14 7.50 
6 Pentobarbital 0.194 106.00 8.11 
7 Amobarbital 0.195 113.00 7.94 
8 Metharbital 0.178 20.60 8.17 
9 Hexobarbital 0.276 73.20 8.34 


10 Mephobarbital 0.354 55.80 7.70 
11 Thiopental 0.475 991.00 7.45 
12 Thiamylal 0.417 1700.00 7.48 
13 5-Cyclohexen-1-yl- 0.276 187.00 8.14 


5-ethyl-l- 
methylbarbituric 
acid 


methylbarbituric 
acid 


pentyl- l-methyl- 
barbituric acid 


14 5,5-Diallyl-l- 0.290 85.50 8.06 


15 5-Ethyl-5-iso- 0.421 402.00 8.31 


a Data taken from Reference 7. T, P is the partition coefficient of un- 
ionized drug between isoamyl alcohol and water at 37". 
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,; 


2 
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0.1 
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Figure 6-Comparison of experimental rate constanis for the gastric absorption of sulfonamides and barbiturates with the theoretical rate con- 
stants calculated for various models using self-consistent dimensional and diffusion constants. Numbers refer to those drugs in Tables I1 and I l l .  


conditions. Other dimensional values are given in Fig. 3a. 
The steady-state rate constant is 


where 


(Eq. 28a) 


(Eq. 28b) 


and BI and Bz are the same as in Eqs. 22a and b. The magnitude of 
Xl and X3 depends upon the environment of the first and third 
compartments, respectively, and the nature of the drug. 


Between the cases of the acidic and neutral drugs, the total rate of 
diffusion is slightly faster with the acidic drug. Despite the low con- 
centration of the unionized form of the acidic drug in the bulk aque- 
ous phase, the instantaneous equilibrium conversion of unionized to 
anionic species at the boundary of the lipid and heterogeneous com- 
partments (pH3 - pKa > 1) and the rapid effective diffusivity of 
both anionic and nonionic species in the last compartment led to a 
higher concentration gradient in the lipid than that for the neutral 
drug case. Thus, the “push-pull” effect is shown. In the case of the 
neutral drug, the relatively low partitioning from the lipid to the 
heterogeneous compartment, which is essentially aqueous in char- 


acter ( a 3  = O.l) ,  resulted in a back-up effect or a smalllipid concen- 
tration gradient. 


Figure 4 gives the change in the total rate in the form of F = 
(VLI) / (AD, .~) .K,  with time. Previously (l), it was shown that the 
function F comes from the rigorous numerical calculation of the 


1.0 


1 


6 
< 0.5 


0 1 3 5  7 9 11 
PH 


Figure 7-Comparison of in situ and theoretical absorption rates 
of suljsoxazole through the intestinal tract from solutions of various 
PH. 
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Table IV-Coefficients of Eq. 22 of Model I Calculated by 
Regression Analysis of In Situ Experimental Absorption Data 


1.0 


8 & 0.5 
B 


Table VI-Coefficients of Eq. 27 of Model I11 Calculated by 
Regression Analysis of In Situ Experimental Absorption Data 


r ' -  


0 


- 
0 


_ _ _ ~  ~ 


Sulfonamides I 1.87 (1.8) 1.13 (1.0) 
Sulfonamides G 0.21 (0.23) 1.91 (2.0) 
Barbiturates G 0.43 (0.46) 51.1 (50.0) 
Sulfonamides R 1.03 (1.00) 45.1 (41.6) 


a I ,  G, and R denote the intestine, stomach, and rectum, respectively. 
Numerical values of the coefficients in parentheses were calculated 
using the self-consistent dimensional constants and diffusion coefficients 
in Table VII. 


Table V-Coefficients of Eq. 23 of Model IIa Calculated by 
Regression Analysis of In Situ Experimental Absorption Data 


Drug Tract Bl Bz B3 


Sulfonamides I 2.25(2.37p 1.13(1.0) O . S O ( 0 . 5 )  
Sulfonamides G 0.247(0.24) 2.14(2.0) 0.34(0.5) 
Barbiturates G 0.66(0.52) 50.0(50.0) 0.67(0.5) 
Sulfonamides R 1.03(1.0) 45.1(42.0) 0.48(0.5) 


a Numerical values of the coefficients in parentheses were calculated 
using the self-consistent dimensional constants and diffusion coef- 
ficients in Table VIII. 


dynamic flux of drug through the system and the function f is the 
useful approximation of F in analytic form. At steady state, both F 
and f should give the same results. The numerical calculations of the 
lag time T and the function F at quasisteady state in Table I are in 
good agreement with the estimated T (Eq. 20) and f (Eq. 21). Figure 
5 shows the total amount of neutral and acidic drug in the sink as a 
function of time. 


APPLICATION OF THEORETICAL MODELS 
TO ABSORPTION OF SULFONAMIDES AND 


BARBITURATES IN RATS 


In this section an attempt is made to analyze the movement of 
drugs across cell membranes in the studies of Kakemi et al. of the 
kinetics of absorption of sulfonamides and barbiturates in the in- 
testinal, gastric, and rectal tracts (4-7). Utilizing theoretical models 
and introducing physical dimensions, some of which are associated 
with various membranes and others determined by in uitro experi- 
ments, the authors attempt to calculate for physical constants self- 
consistent with experimental data and to discuss factors controlling 
the rate of movement. 


Regression Analysis Results and Dimensional Constants-Tables 
I1 and 111 give the experimental results of Kakemi et al. only in 
the gastric absorption of sulfonamides and barbiturates, while 
the results of intestinal and rectal absorption are found elsewhere 


E"j 
5 0.5 t 


d 


I 


- i  
\ .w. 


1 h a ,  I 
I - -&-  
-_ . 


0 1 3 5 7 9 11 
PH 


Figure I-Comparison of in situ and theoretical absorption rates 05 
sulfisoxazole through the stomach from solutions of various pH.  


~~ ~~ 


Drug Tract B1 B2 8 3  


Sulfonamides I 2.03 (2.0p 3.53 (3.3) 1 03 (1.0) 
Sulfonamides G 0.23 (0.25) 4.80 (5.0) 0.95 (1.0) 
Barbiturates G 0.46 (0.50) 60.65 (60.7) 1 . 10 (1.0) 
Sulfonamides R 4.23 (4.0) 230.75 (230.0) 1.07 (1.0) 


= Numerical values of the coefficients in parentheses were calculated 
using the self-consistent dimensional constants and diffusion coefficients 
in Table IX. 


(5, 6). Their steady-state first-order rate constant,2 K,, for an aque- 
ous-lipoidal barrier model has the same general form as Eq. 19, 
although derived differently. Before applying Models I, IIa, and I11 
to their results, it is necessary to specify the pH of the compartments 
following the first bulk aqueous compartment. To account for the 
possibility of the simultaneous diffusion of buffer species and the 
subsequent effect on the pH of the aqueous phase in the membrane 
compartments, it is arbitrarily assumed that pHi = (pHI + 7.4)/2, 
where i = 2 or 3 for the respective Model IIa or 111. Also, the volume 
fraction of lipid in the heterogeneous compartment of Model 111 was 
taken to be 0.5. Through the use of (a) the values of the maximum ex- 
perimental K,, pKal, and pKa2, (b)  the partition coefficient relative to 
isoamyl acetate-water, suchas those found in TablesIIand III,and(c) 


I L '. , 
0 1  3 5 7 9 11 


PH 
Figure 9-Comparison of in situ and theoretical absorprion rates of 
sulJsoxazole through the rectum from solutions of various pH.  


MODEL l,lIl-- - - 
MODEL 11,- 


EXPT. 0 


I I I I 


0 1 3  5 7 9 11 13 
PH 


Figure 10-Comparison of in situ and theoretical absorption rates 
of hexobarbital through the stomach from solutions of various pH.  


2 According to Kakemi et a[.,  , ( y ' / x  KU 7 (abP)/(t + UP), where a 
and b are constants, P is the partition coefficient, and MIS the molecular 
weight. 
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Table VII-Dimensional Constants and Diffusion Coefficients for Model I 


Drug Tract Al V L1 Lz Dw Do Rz 


Sulfonamides I 1 10-2 10-6 5 x 10-6 10-12 500 
Sulfonamides G 0.13 10-2 10-6 5 x 10-6 10-12 250 
Barbituric acid G 0.13 10-2 10-6 10-5 8 X lo-" 250 


derivatives 
Sulfonamides R 0.56 10-2 10-6 5 x 10-6 10-12 12 


Table VIE-Dimensional Constants and Diffusion Coefficients for Model IIa 


Drug Tract A /  v L1 L L3 R2 Dw Do 


Sul fonamides I 1 . 3  f 0 - 2  10-6 5 x 10-3 500 5 x 10-6 lo-'$ 
Sulfonamides G 0.15 10-2 10-6  5 x 10-3 250 5 x 10-6 10-12 
Barbituric acid G 0.15 10-2 10-6 5 x 10-3 250 10-5 8 X 


derivatives 
Sulfonamides R 0.56 10-2 10-6 5 x 10-3 12 5 x 10-6 10-12 


Table IX-Dimensional Constants and Diffusion Coefficients for Model 111 


Drug Tract AIV Ll L Ra Do Dw Dw' LY 


Sulfonamides I 1 . 1  1 0 - 2  10-6 300 10-12 5 x 10-6 10-12 0.5 
Sulfonamides G 0.14 10-2 10-6 200 10-12 5 x 10-6 10-12 0.5 
Barbituric acid G 0.14 10-2 10-6 200 1.7 x 10-13 10-5 1 . 7  X 0.5 


Sulfonamides R 2 . 2  1 0 - 2  10-8 4 .4  10-12 5 x 10-6 10-12 0.5 
derivatives 


the application of Hartley's method of nonlinear regression analysis 
(8), the coefficients B1, Bz, and B3 of the rate-constant Eqs. 22 
(Model I), 23 (Model IIa), and 27 (Model 111) were determined and 
these are found in Tables IV-VI. From these coefficients, self- 
consistent combinations of dimensional constants and diffusion 
coefficients for each model were calculated. To derive the results in 
Tables VII-IX, the following procedure was taken: (a) assume LI = 


cm., LZ = 10-6 cm., cy = 0.5 in the case of Model 111, and RZ = 
500 for the intestinal tract in the case of Model I(9); (b) assume D,,I 
= 1 X cm.2 sec-1 for the barbituric acid derivatives3 and by 
comparing Bl of the sulfonamides and barbiturates in the gastric 
tract, take Dw.l = 5 X lowe cm.2 set.-' for the sulfonamides; (c) cal- 
culate DO for the sulfonamides from B2 of the intestinal tract, R2 of the 
gastric and rectal tract, and the rest of the parameters. Between the 
barbiturates and the sulfonamides, the DWq1 of the latter drug does 
not seem unreasonable on the basis of the higher average molecular 
weight. The DO = 1 X cm.2 sec.-l found for the sulfonamides 
compares well with the diffusion coefficients (10-10-10-12 cm.2 
sec.-l) of some organic solutes through lipid bilayer membranes 
(10) and of various sulfonamides through red blood cells (11). It is 
observed that the DO for the barbiturates is smaller than that for the 
sulfonamides by a factor of 10. This cannot be easily explained by 
the usual Stokes-Einstein diffusion equation. 


The theoretical K, of the sulfonamides in the intestinal, gastric, 
and rectal tracts and of the barbiturates in the gastric tract for the 
various models was calculated, using the dimensional constants and 
the diffusion coefficients in Tables VII-IX, and plotted against the 
K ,  of the in situ experiments. Figure 6 shows the Ku.expt. versus 
Ku.theory plot only for the gastric absorption of sulfonamides accord- 
ing to Models I, IIa, and I11 and of barbiturates for Model I. The 
strong correlation observed here in these figures was also consistent 
throughout the other cases. However, at this point one cannot deter- 
mine which physical model is more applicable, except to say that the 
constants determined previously are self-consistent. 


Comparison of the pH Profile of the Absorption Rate with Ex- 
periments and Physical Models-The relative absorption rates 
versus bulk aqueous pH for sulfisoxazole in the intestinal, gastric, 
and rectal tracts are shown in Figs. 7-9 and for hexobarbital in 
the gastric tract in Fig. 10. The calculated results of the physical 
models are compared with experimental data. 


JKakemi et al. found DWJ = 0.815 - 1.27 X 10-6 cm.2 set.-' at 37" 
for the barbiturates. 


In the cases of gastric and intestinal absorption of sulfisoxazole, 
the physical models show a large deviation in the acidic region and 
a relatively good fit on the alkaline side of the profile, particularly 
with Model 111. The profile of Model I is symmetrical about the dis- 
sociation curve. This is not surprising in view of the lengthy discus- 
sion given earlier (1). On the other hand, asymmetry of the profiles of 
Models IIa and 111 about the dissociation curve is found. This is ex- 
plainable by the influence of the effective pH in the aqueouslike 
compartments of the membrane, which was assumed to be the 
arithmetic average of the pH of the bulk drug solution and the 
physiologic pH of 7.4 on the distribution and transport of drug 
species in the membrane. 


Because of the restriction that the (H+) in any compartment 
(particularly, the first compartment) is constant, the present models 
cannot adequately account for the shift of the maximum experi- 
mental rates in Figs. 7 and 8 to higher pH values of the bulk solution 
relative to the pH of the dissociation curve at which the fraction of 
the unionized drug form is maximum. There is experimental evi- 
dence4 in the case of gastric absorption of sulfisoxazole that increas- 
ing the buffer capacity of the drug solution tends to shift the maxi- 
mum rate closer to the pH maximum of the dissociation curve. 
Thus, an accurate accounting of the pH at the surface and within the 
aqueous phases of the membrane and also protein binding in the 
physical models may explain the shift of the experimental maximum 
rate to  the more alkaline side. Although there can be a difference be- 
tween the surface and bulk solution pH, it seems doubtful that they 
are related through the surface potential (12) in in situ experiments; 
that is, pH. = pHsola. +- e$o/kT. Instead it is suggested that surface 
pH might be related to acid production in the cells and diffusion into 
the bulk solution.5 


In the absorption rate versus bulk pH profile for the rectal absorp- 
tion of sulfisoxazole (Fig. 9) and gastric absorption of hexobarbital 
(Fig. lo), there was relatively good agreement between the in situ ex- 
perimental results and physical models. Maximum absorption of 
sulfisoxazole was observed at the isoionic point and the absorption 
rate of hexobarbital corresponded with the pKa. 


In conclusion it is difficult to select the physical model that best 
describes the in situ absorption experiments in the intestinal, gastric, 


Refer to Fig. 5 in Reference 4. 
Theoretical models involving the,effect of the surface potential on 


the one hand and acid oroduction with simultaneous reaction and dif- 
fusion on the other h a d  are being investigated. 
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or rectal tracts since all of the models studied showed fairly good 
agreement. More knowledge of the structure and microenvironment 
of the membrane as well as drug interactions with cellular sub- 
stances is necessary before modification of the physical models can 
be made. Furthermore, the models generally have more quantitative 
parameters in detail which the usual in situ experiments alone cannot 
provide. However, the physical model approach to  drug transport 
studies is being further investigated. 
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Interfacial Barriers in Interphase Transport 111: 
Transport of Cholesterol and Other Organic Solutes 
into Hexadecane-Gelatin-Water Matrices 


ABDEL-HALIM GHANEM, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract 0 The purpose of this study was to quantitate the trans- 
port behavior of several organic solutes in matrix systems composed 
of micron-size hexadecane droplets dispersed in an aqueous gelatin 
gel where the oil-water interfacial barrier to transport was ex- 
pected to play an important role. Two interrelated experiments were 
conducted. The first was the one-dimensional aqueous uptake of the 
solute by the matrix which was a continuous layer placed at the 
bottom of a beaker. The other experiment was solute uptake and 
release from aggregates of oil droplets suspended in an aqueous 
medium. Solutes investigated were l*C-labeled cholesterol, diethyl- 
phthalate, 14C-labeled octanol, and 14C-labeled progesterone. The 
data have been analyzed by various physical models. It was found 
that cholesterol transport essentially was controlled by the oil- 
water interfacial barrier in both kinds of experiments-even when 
the matrix thickness was as large as 3.7 mm. For the other solutes, 
the oil-water interfacial barriers were found to be controlling in the 
experiments with aggregates (10-1OOO p). However, in the experi- 
ments with the continuous matrix layers, bulk matrix diffusion 
factors as well as the oil-water interphase transport were found to be 
important for these solutes. The techniques developed in this in- 
vestigation should be useful : (a) in the quantitation of interfacial 
barriers in oil-water interphase transport of solutes, and (6) in the 
separation of various bulk diffusional resistances from interfacial 
resistances in complex multiphase matrices. 


Keyphrases 0 Interphase transport-interfacial barriers 0 Hexa- 
decane-gelatin-water matrix-organic solute transport Matrix 
Iayer-solute uptake 0 Aggregated gelatin encapsulated hexa- 
decane droplets-solute transport 0 Electrolyte, polysorbate 80, 
concentration effects-interphase transport 


Recent studies in these laboratories have been aimed 
at  the mechanistic understanding of various factors in- 
fluencing the interphase transport of drugs and other 
biologically interesting substances. These investigations 
(1-4) have considered, for example, the simultaneous 
multiphase interactions involving pH and the buffer 


Figure l-Schematic diagram showing the apparatus used for the 
continuous matrix layer (CML) uptake experiments. 


parameters, the oil-water partition coefficients, and the 
diffusion coefficients. More recently (5-S), utilizing a 
novel technique, the existence and the importance of the 
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Table 111-Summary of Data Showing Concentration-Response Relationships for the Spasmolytic Effects of Compounds VIl, VIII, and X 
and Atropine Sulfate Against Methacholine Chloride-Induced Spasm in Excised Rabbit Ileum 


~~ 


Spasmolytic Agent---- 
Compound X Compound VIII Compound VII Atropine Sulfate 


1.15 x lo-‘ 2.88 x 10-4 2.88 and 4.32 X 2.88 x M1. added to 10-ml. muscle bath 0.8  ml. 2 . 0  ml. 2 . 0  ml., 3.0  ml. 0 . 2  ml. 
Concentration in muscle bath 
Response: No. positive/No. tried 7/10 6/10 0/10 1/10 8/10 
Relative potency 2 . 5  1 .o 0 1 x 102 


noting concentration in millimolar quantities as well as relative 
potency when compared to atropine sulfate. 


Discussion of Results-Examination of Compound X reveals 
that it is about 2.5 times as active as Compound VIII. Compound 
VII was found to be inactive in the ability to reduce the spasms 
induced by mecholyl. While spasmolytic activity is present in Com- 
pounds X and VIII, the activity present is only about 1/40th and 
1/100th, respectively, that of the standard spasmolytic agent, 
atropine sulfate. 
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Dissolution of Macromolecules 11: Dissolution of 
an Ethylene-Maleic Acid Copolymer 


ALLEN HEYD”, DANE 0. KILDSIG, and GILBERT S. BANKER 


Abstract Factors influencing the dissolution of an ethylene-maleic 
acid copolymer have been studied. Polymer swelling, hydrated 
layer thickness, and solvent pH were shown to influence the dis- 
solution of the polymer. Linear dissolution rates were observed 
following an initial induction period. Hydrated layer thickness was 
found to be a controlling factor in the dissolutioy process. An 
immersion refractometry method was employed to measure aqueous 
polymer concentrations during dissolution. 


Keyphrases 0 Ethylene-maleic acid copolymer-dissolution u 
Tablets, ethylene-maleic acid copolymer-dissolution study 
Dissolution test apparatus-diagram c] Refractometry, immersion 
-polymer determination 


Previous investigators of polymer dissolution have 
studied the dissolution of polystyrene in organic sol- 
vents (1-3). However, a detailed investigation of the 
dissolution in aqueous solvents of polymers having 
reactive functional groups has not been reported. In an 
earlier report the surface phenomena associated with the 
dissolution of such polymers were described (4). The 
present investigation reports the dissolution of an 
ethylene-maleic acid (dicarboxylic acid) copolymer as 
affected by these surface parameters. 


EXPERIMENTAL 


Polymeric materials are widely used in many pharma- 
ceutical systems. In systems utilizing polymer films and 
particularly in dosage forms in which the polymer is 
compressed in tablets to produce controlled drug re- 
lease, the dissolution of the polymer is an important 
parameter. Polymer systems are frequently sought 
which, based on their dissolution properties, will pro- 
vide a particular type of drug release. 


The ethylenemaleic acid copolymer, referred to as EMA-22, and 
the polymer tablets used in this study were identical to those used 
in a previous investigation (4). The measurement of polymer swell- 
ing, solvent penetration, and hydrated layer thickness was also 
identical to that of the earlier study (4). 


The dissolution apparatus employed for the study of polymer 
dissolution is shown in Figs. 1-3. Figure 1 describes the sample 
holder; Fig. 2 shows the dimensions of the Plexiglas dissolution cell. 
Figure 3 is a schematic representation of the dissolution unit and 
the component parts that made up the entire system. The lip of the 
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e 
b 


Figure 1-Sample holder. 
Key: a, compressed disk 
cavity; b, plunger; c, die 
housing; d, steel shaft; and 
e, 1.12-cm. (0.44-in.) die. 


-a 
-b 
:g 


?!L 
Figure 3-Dissolution apparatus. Key: a, glass cylinder; b, 
dissolution cell; c ,  sample holder; d, immersion refractometer; e, 
magnetic stirrer; f, stirring bar; and g,  support. 


die housing of the sample holder (Fig. 1)  was placed on the edge of 
the dissolution cell (Fig. 2), which provided constant sample ge- 
ometry for each dissolution test. The plunger of the sample holder 
facilitated exact positioning of the compressed disk. The shaft of 
the sample holder, which permitted positioning of the holder in 
the dissolution apparatus, extended through the housing of the 
holder and was threaded into the plunger (Fig. 1). 


A Bausch & Lomb immersion refractometer,' utilizing prism A, 
was used to follow the increase in polymer concentration with time. 
Standard curves of refractometer reading versus polymer concentra- 
tion were linear over the concentration range used, 0 to 4 mg./ml. 
The precision of the refractometer method was excellent; identical 


in. 


Figure 2-Plexiglas dissolution cell. The external dimensions are 
indicated. The inside dimensions are 6.99-em. (2.75-in.) total length, 
2.87 em. (1.13 in.) wide, and 3.66 em. (1.44 in.) deep with the ends 
having a 1.42-em. (0.56-in.) radius of curvature. 


* Bausch & Lomb Optical Co., model DB 502. 


readings on the refractometer scale were obtained for each replicate 
sample of each polymer solution. 


In conducting the dissolution test, a 1-g. Compressed tablet of 
EMA-22 free acid was positioned in the cavity of the sample holder 
so that 0.05 cm. of the tablet protruded. The dissolution cell was 
filled with 60 ml. of solvent, which was allowed to equilibrate to 
30 =k 0.1 '. This volume was sufficient to cover the exposed tablet 
after the sample holder and the refractometer were precisely posi- 
tioned in the dissolution cell. A magnetic stirrer unit drove a 
1.27-cm. (0.5-in.) stirring bar inside the dissolution cell at 130 
r.p.m. Kolthoff's alkaline borate buffer (5) was used to prepare pH 
7.4 and 9.4 buffers. The buffers from pH 1.2 to 6.2 were prepared 
from standard solutions as described by the USP(6). The immersion 
refractometry method and the technique and apparatus described 
permitted the dissolution process to be continuously followed 
without disturbing the system. 


RESULTS AND DISCUSSION 


The dissolution of EMA-22 in distilled water is shown in Fig. 4. 
The dissolution rate was linear following an initial induction period. 
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Figure 4-Linear dissolution rate with initial induction period, Key: 
a, lag time; b, stabilization period; and a + b, induction period. 
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Figure 5-Correlation between induction period, a,  swelling time, b, 
and hydrated layer formation, c.  


The induction period consisted of a lag time and a stabilization 
period (Fig. 4). The lag time, or period before measurable concen- 
tration appears in solution, is attributed to the time required for 
initial solvent penetration and initial polymer swelling. During the 
initial swelling process ( 0 . 5  min.) in which the largest extent of 
swelling was achieved (4), little or no polymer dissolved. During 
the stabilization period, the dissolution rate continuously decreased 
as the polymer achieved maximum swelling. Also during the stabili- 
zation period, maximum hydrated layer thickness was achieved 
after which the dissolution rate was linear. The correlation between 
hydrated layer formation, swelling time, and the dissolution in- 
duction period is shown in Fig. 5. The establishment of both an 
equilibrium hydrated layer thickness and maximum swelling was 
found generally to correlate to the induction period required for 
achievement of a constant dissolution rate. 


The polymer-solvent interaction is responsible for the expansion 
of the linear chain polymer and the subsequent formation of a gel 
structure. As the EMA-22 polymer is a dicarboxylic acid, the solvent 
pH would be expected to influence greatly the dissolution of the 
polymer (Fig. 6). Contrary to the dissolution of micromolecular 
weak acids, the equilibrium dissolution rate of the polymer weak 
acid decreases with increasing p H  (Fig, 6). However, the dissolution 
rates reported in Fig. 6 are the equilibrium values obtained from 
the linear portion of the curve. The initial dissolution rates did in- 
crease with increasing pH but were quickly affected (within 0.5-2 
min.) by the swelling phenomena and subsequent hydrated layer 


0 1  
1 2 3 4 5 6 7 8 9  


PH 
Figure 6-Decrease in equilibrium dissofution rate with increasing 
PH. 


formation. Thus the swollen hydrated layer remains the determin- 
ing factor in the dissolution of the EMA polymer following swelling 
equilibrium. 


SUMMARY 


The dissolution of an ethylene-maleic acid copolymer was in- 
vestigated using an immersion refractometer for polymer analysis. 
An induction period was observed consisting of a lag time and a 
stabilization period, during which the dissolution rate was con- 
tinuously decreasing until a constant rate was obtained. The solvent 
pH was found to influence the dissolution of the polymer through 
its effect on polymer swelling and hydrated layer thickness. These 
two parameters, swelling and hydrated layer thickness, were pri- 
marily responsible for the dissolution properties of the polymer. 
The refractometer method was adequately sensitive for following 
polymer dissolution and allowed a continuous determination of 
polymer concentration without sampling. 
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Influence of Ionic and Nonionic Materials on Thermally-induced 
Ribonucleic Acid Degradation and Leakage in Staphylococcus aureus 


M. C. ALLWOOD* and A. D. RUSSELL 


Abstract Suspensions of Staphylococcus aureus were held at 50 
or 60" in water, 1 M sucrose, or 0.5 M sodium chloride, and 
analyses were made of cellular ribonucleic acid (RNA), the content 
of RNA-like material in the acid-soluble (metabolic) pool and the 
amount of RNA-like material leaked. In sucrose and sodium chlo- 
ride, as compared to water, RNA degradation was reduced at 50" 
and increased at 60". In comparison to water, Mg++ ions reduced 
RNA-like material leaked at 37 and 50", but not at 60". The 
results are discussed in relation to the effect of thermal damage 
and loss of viability of the organism. 


Keyphrases Ribonucleic acid (RNA) degradation, leakage- 
thermally induced Degradation, Staphylococcus aureus RNA- 
temperature effect c] Ionic, nonionic materials effect-RNA 
degradation 0 UV spectrophotometry-analysis 


Previous studies (1-4) have been concerned with the 
reasons for thermally-induced death in Staphylococcus 
aureus strain NCTC 3761. Several changes took place 
in heated suspensions of this organism: protein co- 
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Figure 1-Leakage of 260 mp-absorbing material from suspensions 
of Staph. aureus stored in water G-0 and 2 X M magnesium 
sulfaresolutionO-@at a37", b 50",andc6Oo. 


agulation, a decrease in cell volume, a breakdown of 
ribonucleic acid (RNA), an increase in the content of 
RNA-like material in the acid-soluble (metabolic) 
pool and leakage of RNA-like material, damage to 
the cytoplasmic membrane, and leakage of amino 
acids. Deoxyribonucleic acid (DNA) did not leak from 
the cells and did not appear to be degraded. RNA 
degradation may be responsible for thermally-induced 
death in Aerobacter aerogenes (5 ) ,  Staphylococcus 
aureus (3 ,  6 ,  7 ) ,  and Streptococcus faecalis (8). 


Some effects of sucrose on thermal death of Staph. 
aweus have also been described (3). These earlier 
findings are here considered in greater detail, and the 
effects of sodium chloride and Mg++ on RNA deg- 
radation or leakage are also presented. 


MATERIALS AND METHODS 


Materials-Magnesium sulfate, MgSO, . 7Hn0, 
sodium chloride were of analytical reagent quality. 
sterilized by heating in an autoclave. 
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Figure 2-Effect of magnesium sulfate concentration on the amount 
of 260 mp-absorbing material from suspensions of Staph. aureus 
held for 4 hr. at a 50 ', b 60". 
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Organism-Staph. aureus was grown for 18 hr. in nutrient broth 
(Oxoid Laboratories, Ltd., London, England), the culture centri- 
fuged, the pellet washed twice with sterile water, and finally ad- 
justed with sterile water to contain approximately 10'0 viable cells/- 
ml. 


Heating Procedure-One part of a washed suspension was added 
to nine parts of the desired suspending medium, already at the 
required temperature (+0.1"), in a thermostatically-controlled 
water bath. 


Viable Counts-Samples were removed at intervals, and viable 
counts made as described previously (3) using the pour-plate 
method, a plating medium consisting of nutrient agar containing 
I w/v yeast extract (Difco Laboratories, Ltd., Detroit, Mich.) 
and an incubation period of 48 hr. at 37". 


Analytical Procedure-The breakdown and release of RNA with 
Staph. aureus cells held at 50 or 60" in water, sucrose or sodium 
chloride were examined. An increase in the content of RNA-like 
material in the cold perchloric acid-soluble metabolic pool is in- 
dicative of breakdown of RNA. Details of the methods of obtaining 
the cold acid-soluble fraction, and of the RNA fraction, consisting 
of cellular RNA, i.e., the RNA in the cell except for the small 
molecular weight RNA material in the metabolic pool, have been 
considered previously (3). Cellular RNA, RNA-like material in 
the pool, the RNA-like material leaked were determined by the 
orcinol technique (9) and by absorbance at 260 mp, employing 
yeast RNA (British Drug Houses, Ltd., London, England) as 
standard. It has previously been found (1, 10) that closely related 
results were obtained in assaying RNA (or RNA-like material) 
by these two methods. Moreover, when sucrose was used as sus- 
pending medium, the orcinol technique could not be employed. 
When Staph. aureus cells were suspended in magnesium sulfate 
solutions, leakage of 260 mp-absorbing material was measured. 
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Figure 3-Changes in the composition of RNA-like material in the 
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RESULTS AND DISCUSSION 


Mg++ ions are known to play an important part in membrane 
stability (11) and Strange (12) suggested that Mg++ stabilized 
bacterial membranes and reduced the lethal influences of chilling. 
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concentrations during storage at 60". It seems unlikely that mag- 
nesium sulfate at the highest concentration employed could exert 
any osmotic influences to reduce the loss of intracellular material. 
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material into the supernatant fluid, this loss clearly being derived 
from the degradation of cellular RNA and not principally from the 
cell pool. Subsequently, there is a decrease in the content of RNA- 
like material in the pool, and an increased leakage of RNA-like 
material into the surrounding environment; this diphasic loss of 
RNA-like material could be the result of enzyme action, as previ- 
ously discussed (3), although there is no evidence as yet to sub- 
stantiate this, or could be caused by leakage of large molecular 
weight RNA through the damaged cycloplasmic membrane. More 
delicate techniques are needed, however, since the reported tech- 
niques do not permit the authors to determine this. 
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pool occurs more slowly in the presence of an osmotic stabilizer 
than when cells are held in water at 50". The presence of 1 M 
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breakdown (or leakage) of RNA; RNA degradation, or leakage, 
is higher when cells are held in saline, but again there is no diphasic 
pattern in the depletion of cellular RNA or in the leakage of this 
material. 
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content of RNA-like material increases rapidly, the content of 
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considerably slower extent. Subsequently, there is a decrease in the 
amount of RNA-like material in the pool, presumably as the mem- 
brane control over the pool is lost due to thermal damage, and this 
material leaks into the environment. Sucrose (Fig. 46) or sodium 
chloride (Fig. 5b), at 60°, apparently caused a more rapid deg- 
radation of RNA, although a longer period elapses before there 
is any appreciable loss of material from the metabolic pool. After 
1 hr. at 60°, the greatest loss of RNA-like material occurs from 
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cells held in sucrose, which confirms previous findings (1, 3); 
the loss from cells in water and saline appears to bz of a similar, 
but lower, order. 


A comparison has been made of the loss of viability of cells 
stored in water, 1 M sucrose or 0.5 M sodium chloride at 50 or 
60". The results are present in Fig. 6. A statistical analysis of the 
results was made, using a common regression line calculation, to 
test if the three regressions could be represented by a common line. 
During storage at 50" (Fig. Ga) sodium chloride had a significant 
protective influence on the loss of viability of the Staph. oilreus 
suspension, but there was no significant difference in loss of vi- 
ability of cells held in water or sucrose. During storage at 60" 
(Fig. 6b), the three regression lines could be represented by one 
common line, and any differences are thus not significant. 


As evidenced by a rise in the content of RNA-like material in 
the metabolic pool, RNA degradation obviously occurs in heated 
Staph. aweus cells. The rate of degradation increases with tem- 
perature, and occurs before leakage takes place (particularly at 
60"). Such a degradation may be responsible for thermally-induced 
death in this strain (1, 3) and in other strains of Staph. aweus 
(6, 7). It is, however, difficult to link this degradation with loss of 
viability of Staph. aureus held in different suspending media 
(Fig. 6). Moreover, in assessing the primary site of damage in 
heated cells, other changes in the organism must be considered, 
including changes in appearance under the electron microscope, 
in size, and in light-scattering properties (4). Thus, whereas RNA 
degradation may be the cause of death in heated cells (3,  6 ,  7) it 
is apparent that further research is needed to substantiate this 
contention. 
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Renal Effects of a Vasodilator: 2-[N-methyl-piperidyl-(4)]-3-amino-5- 
(4’-pyridy1)-pyrazole HC1 (Ciba 31-531 Ba) 


RONALD L. WILLIAMS and JAMES E. PEARSON 


Abstract 0 Acetylcholine (Ach), when infused directly into the renal 
artery of a kidney, causes unilateral vasodilatation and increased 
salt excretion. Ciba 31-531 Ba, a nonspecific vasodilator, was in- 
fused both directly into the renal artery and given systemically, and 
the effects were compared to Ach. Infusion of Ach at 0.1 pg./kg./min. 
into the left renal artery (LRA) of an anesthetized dog effected a 
unilaterally increased salt excretion and increased effective renal 
plasma flow (ERPF) and urine volume, but no demonstrable change 
in glonierular filtration rate (GFR) or blood pressure. Infusion 
of Ciba 31-531 Ba (LRA) at 0 1 mg./kg./min. resulted in a similar 
unilateral saluresis of approximately 50% increase over Ach with 
an increase in ERPF and urine volume but no change in GFR or 
blood pressure. The right kidney served as an internal control. 
When Ach and Ciba 31-531 Ba were given systemically, at higher 
doses there was a drop in blood pressure, decreased solute excre- 
tion, and decreased ERPF and GFR for both drugs. The effects of 
Ach were reversed with atropine. The effects of Ciba 31-531 Ba were 
not reversed by atropine or propranolol. The authors believe that 
the direct renal effects of these drugs are the results of direct tu- 
bular effects associated in some way with hemodynamic alterations. 


Keyphrases 0 2-[N-methyl-piperidy1-(4)]-3-amino-5-(4’-pyridyl)- 
pyrazole HCI (Ciba 31-531 Ba)-renal effects Renal infusion- 
Ciba 31-531 Ba 0 Acetylcholine, Ciba 31-531 Ba renal effects- 
comparison IV infusion, Ciba 31-531 Ba-renal effects 


A new vasodilator, recently synthesized by Ciba ( I ) ,  
given systemically appeared to have contradictory effects 
on the kidney (2). In some cases it acted as a vasodilator 
and increased renal blood flow. In other experiments the 
various systemic effects appeared to predominate and no 
change or decrease in renal blood flow was observed. 


Ciba compound 3 1-53 1 Ba, 2-[N-methyl-piperidyl- 
(4)]-3-amino-5-(4’-pyridyl)-pyrazole HC1, antagonized 
the effects of epinephrine, norepinephrine, angiotensin 
11-amide, and histamine on smooth muscle of the guinea 
pig and the cat. It did not antagonize the effects of BaCh, 
acetylcholine, or bradykinin (1). 


When compared to papaverine, nitroglycerin, and 
isoproterenol in an open-chest cat preparation where it 
is possible to measure both systemic arterial and venous 
pressure, isoproterenol and Ciba 3 1-53 1 Ba administra- 
tion caused both arterial and venous pressure to fall. 


The direct renal effects of adrenergic and cholinergic 
agents have recently been reported in the literature (3). 
It was felt that a study of this rather nonspecific muscle- 
relaxing drug on renal function as compared to acetyl- 
choline would be of interest. The following experiments 
were designed to study the effect on sodium excretion 
and renal hemodynamics when Ciba 31-531 Ba is given 
directly into the renal artery and when given systemi- 
cally. 


MATERIALS AND METHODS 


Eight mongrel dogs were anesthetized with intravenous injections 
of pentobarbital sodium, 30 mg./kg. Both ureters were cannulated 
through an abdominal midline incision, and the cannulae were 
positioned approximately 1.27 cm. (0.5 in.) below the ureteral pelvic 
junction. A femoral vein and artery were cannulated and the arterial 
cannula was connected to an E & M linear transducer (E & M Co., 
Inc.) with a three-way stopcock for recording blood pressure with an 
E & M polygraph. Arterial blood samples were obtained through 
the three-way stopcock. The sustaining solution containing 1.8 
mg./ml. of creatinine, 0.5 mg./ml. of p-aminohippurate (PAH) in 
normal saline was infused at a rate of 5 ml./min. through the venous 
system by means of a dual-syringe constant-flow pump. After 
exposing the left renal artery by the retroperitoneal approach, a 
27-gauge hypodermic needle, attached to No. 10 polyethylene tubing, 
was placed into the left renal artery in the direction of blood flow. 
Through this renal arterial system, a solution of isotonic sodium 
chloride was continuously infused at a rate of 0.1 ml./min. Solutions 
of drugs were also infused at the same rate through the system by 
changing the renal arterial infusate to one containing test drugs dis- 
solved in normal saline. One to two hours were allowed for equili- 
bration and then collections of 10-min. urine samples from each 
kidney were begun. Blood samples, drawn every 20 min., were 
heparinized, centrifuged, and the plasma immediately removed. At 
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Figure 1.-Comparison of the direct renal effects of Ciba 31-531 Ba and acetylcholine during infusion into the left renal artery of a 15.5- 
kg. female dog. Key: experimental (left kidney), 
- - -; control (right kidney) -; B acetylcholine (0.1 mcg.[kg./min.); 0, Ciba 31-531 Ba (0.1 mg.lkg./min.); -+, atropine (0.1 mg./kg. i.v.); 
4, propanolol(O.33 mg./kg. i.v.>. 


Note that the infusion dosage of Ciba 31-531 Ba is 1000 times greater than acetylcholine. 
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least three control urine samples were collected before test agents 
were infused into the kidney. Intravenous experiments used the 
same technique with sham retroperitoneal exposure. 


ANALYTICAL 


Chloride concentrations in urine and plasma were determined 
using a Buchler-Cotlove chloridometer, sodium and potassium 
concentrations in urine and plasma were determined using a Baird- 
Atomic flame photometer with an internal lithium standard, a 
modification of the Bonsnes and Taussky (4) method was used in 
the determination of plasma and urine creatinine, and PAH deter- 
minations were made using a modification of the method of Bratton 
and Marshall (5). The osmolalities were determined with a Fiske 
osmometer. In addition to the electrolyte excretion rates, the 
glomerular filtration rates (GFR), the effective renal plasma flow 
(ERPF), and the tubular rejection fraction (TRF) of sodium were 
calculated. The tubular rejection fraction is the ratio of the rate of 
sodium excretion to the filtered load of sodium. The TRF can vary 
independently of changes in filtered load (6). Because only concen- 
trations are used in the calculation of TRF, its magnitude is inde- 
pendent of the size of the animal and facilitates comparisons be- 
tween dogs. The absolute rate of tubular reabsorption ( T N ~ )  is less 
useful because it is markedly affected by filtered load, which in turn 


Figure 2-Effect of Ciba 31-531 
Ba during infusion into the left renal 
artery of a dog with oliguria which 
had to be given 500 ml. of a solution 
of 6% mannitol and 2% sodium 
chloride. The PAH clearances on the 
right kidney were not determined. 
Key: experimental (leji kidney), - - -; 
controZ (right kidney), -; Ciba 
31-531 Ba (0.1 mg./kg./min.), 0. 
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is a product of extrarenal as well as renal factors: 


UN,V U N Z  creatinine 
TRFNa = PN,GFR - PN,U creatinine 


- 


where U is the urine concentration, P is the plasma concentration, V 
is the urine flow in ml./min., and GFR is the clearance of creatinine. 


All drug doses are based on the respective salts: acetylcholine 
bromide and atropine sulfate. Ciba 31-531 Ba is Z-[N-methyl- 
piperidyl-(4)]-3-amino-5-(4'-pyridyl)-pyrazole HCI (obtained from 
Ciba Pharmaceutical Co., Summit, N. J.), propranolol hydrochlo- 
ride (obtained from Ayerst Lab., Inc., New York, N. Y.). 


RESULTS 


Direct Renal Effect of Ciba 31-531 Ba Compared to Acetylcholine 
-The administration of Ciba 31-531 Ba (0.1 mg./kg./min.) by 
infusion into the left renal artery (LRA) resulted in a diuresis 
and saluresis similar to acetylcholine (0.1 mcg./kg./min.) (Fig. 1). 
The response to direct renal infusion of 0.1 mg./kg./min. of Ciba 
31-531 Ba was about 50z greater than that to the renal infusion of 
0.1 mcg./kg./min. acetylcholine and was the result of an increased 
tubular rejection of sodium (TRF Na+). This direct renal response to 
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Figure 3-Comparison of the indirect renal effects of Cibu 31-531 Ba given intravenously to a 10-kg. female dog and acetylcholine 
given intravenously to a 14-kg. female dog. Key: A, 0, Ciba 31-531 Ba (20 mg./ml. i.v.); B, a, acetylcholine (1 mcg./kg./min.); +, atropine 
( I  mg./kg. i.v.). 


Ciba 31-531 Ba was not blocked by the systemic administration of 
atropine or propranolol (Fig. 1). The effective renal plasma flow 
(ERPF) was not changed during the first infusion, but it was 
markedly increased on the experimental side during the second 30- 
min. infusion. There was no change in glomerular filtration rate 
(GFR) during the acetylcholine infusion or during the first 10-min. 
infusion of Ciba 31-531 Ba. There was, however,a unilateral increase 
in the excretion of Na+, K+, CI-, and water. The osmolar clearance 
(Cosm) increased with both acetylcholine and Ciba 31-531 Ba, and 
the sodium contribution to the osmolality also increased with both 
agents. 


There was no significant change in systemic blood pressure during 
this entire experiment. 


Effect in a Dog with Marked Sodium Retention-The administra- 
tion of Ciba 31-53] Ba (0.1 mg./kg./min.) LRA to a dog with plasma 
sodium of 168 meq./l. and oliguria resulted in a large unilateral 
saluresis. This animal had failed to respond with diuresis even when 
given 6 2  mannitol in a 2z NaCl solution (Fig. 2). The TRF Na+ 
was 58z of filtered load. During this 10-min. infusion period the 
ERPF increased from a depressed 32 ml./min. to only 47 ml./min. 
with no change in GFR. The osmolar clearance was increased from 
3.4 to 6.6 ml./min. 


Indirect Renal Effects-Intravenous infusion of Ciba 31-531 Ba 
(20 mg./ml.) at increasing rates(tota1 infused 400 mg.) until there was 
a substantial decrease in blood pressure resulted in depressed 
ERPF, GFR, Cosm, Na+UV, TRFNa+, and K+UV. The infusion 
was discontinued and the blood pressure returned to 75x of control 
value with an unusual increase in ERPF and GFR during the period 
from 28&300 min. The osmolar cIearance, however, remained 


depressed during the same exaggerated increase in ERPF and GFR 
(Fig. 3A). 


The intravenous infusion of acetylcholine for two experimental 
periods is shown in Fig. 3B. The first period of 20 min. at 1 mcg./ 
kg./min. i.v. did not result in a blood pressure depression. The 
second period of 40 min. at 10 mcg./kg./min. caused a substantial 
decrease in blood pressure with a decrease in GFR, ERPF, Cosrn, 
Na+UV, TRFNa+, and KWV. This effect of Ach i.v. was reversed 
with an injection of atropine, 14 mg. i.v. (1 mg./kg.). 


DISCUSSION 


Evidence has accumulated that acute increases in GFR per se 
have little effect on sodium excretion (7, 8). Therefore, natriuresis 
requires changes in fractional tubular reabsorption. However, the 
performance of the renal tubules are dependent for their several 
clearance functions upon the blood supply to the kidney. The exact 
quantitative influences of renal blood flow (9), intrarenal hydro- 
static pressure (lo), and intrarenal distribution of blood flow (1 1 )  on 
sodium excretion are not understood. Some diuretics such as 
furosemide and ethacrynic acid, which have no marked vascular 
effects elsewhere other than on renal vasculature, do increase the 
renal blood flow in parallel with natriuresis. However, for these 
diuretics the increased blood flow is not a requirement for the 
natriuretic response (12, 13). Autonomic drugs such as acetylcho- 
line, which have powerful vascular effects throughout the body, pro- 
duce natriuresis only when they are infused into a renal artery (14). 
Such is the case with Ciba 31-531 Ba in these experiments. Ciba 
31-531 Ba must be infused into a renal artery to obtain the saluretic 
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response. However, this does not mean that the saluresis produced 
by infusing acetylcholine, or other autonomic agents, is simply the 
result of changes in hemodynamics (15). McGiff et a/ .  (16) have 
shown that the natriuresis produced by angiotensin given intrave- 
nously was independent of the magnitude of increases in blood pres- 
sure, increases of GFR, and reduction in renal blood flow. Also the 
degrees of renal concentration and of rates of biotransformation will 
determine the magnitude of systemic vascular effects. The magnitude 
of the systemic vascular effects will bring into play various reflex 
autonomic nervous activities which may enhance or antagonize direct 
renal effects of autonomic drugs (17). This reflex antagonism of 
direct renal effects is especially demonstrated by diazoxide which 
produces salt retention when given systemically but produces salt 
excretion when infused directly into the renal artery (18). 


It appears from the data presented here that Ciba 31-531 Ba has 
both tubular and hemodynamic effects. Changes in GFR do not 
seem to be concerned in these phenomena. In the case of the animal 
with extremely high plasma sodium (Fig. 2) the GFR remained 
unchanged in spite of 300% increase in TRFNa+ and 300% increase 
in osmolal clearance. During this 300% increase in osmolal clear- 
ance, the ERPF increased only by a factor of 47%. In this experi- 
ment the animal was retaining sodium in the face of an elevated 
plasma sodium. This response suggests a proximal site of action 
since it is improbable that a TRF Na+ of 58% could be accounted 
for by a distal mechanism. 


The interpretation of the renal mechanism of action remains 
complicated even though changes in GFR may be ignored. Saluresis 
was produced by increased tubular rejection of sodium accompanied 
by increased renal plasma flow. What the interrelationship is be- 
tween these two parameters remains unknown. Neither were they 
always congruent (Fig. 1). Also, Harvey (19) showed that acetyl- 
choline produced a generalized vasodilatation in the kidney along 
with reduced plasma extraction ratios of PAH and inulin. However, 
there was also an increased tubular secretion of PAH. Something 
more is involved than a mere shunting of the blood supply. Williams 
et al. (20) believe that acetylcholine produces its effect by an action 
mainly upon the renal tubules. Martino and Earley (21) postulate 
that the hemodynamic alterations are the chief causes for the 
saluresis. However, they obtained no quantitative correlation 
between changes in sodium excretion and changes in intrarenal 
venous pressure. May and Carter (15) infused arecoline into the 
renal portal system of hens and obtained a marked unilateral 
saluresis. They postulated a direct effect upon the permeability of 
the renal tubule since it is unlikely that the slight increases in plasma 
flowing through the portal system in these preparations could be the 
cause of the natriuresis. The authors of this article also hesitate to 
describe the direct renal action of Ciba 31-531 Baas mere vasodila- 
tation since this agent also antagonizes the effects of norepinephrine 
which the authors believe to cause salt retention by a tubular action 
(3). 


Perhaps the evidence from the direct renal effects of different 
pharmacological agents will help in the future understanding of the 


relationship between tubular rejection of sodium and peritubular 
capillary blood flow, distribution, pressure, and permeability. 
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Certain Disubstituted o-Aminoacetoxy- and Propoxybenzoic 
and Cinnamic Acids and their tert-Butyl Esters 


ALEX GRINGAUZ 


Abstract 0 Several o-aminoacetoxy- and propoxy derivatives of 
benzoic and cinnamic acids as well as certain of their tert-butyl 
esters have been prepared as potential analgesics and local anes- 
thetics. The syntheses and biological evaluation of representative 
compounds are presented. 


Keyphrases Analgesic properties-derivatives of benzoic, cin- 
namic acids, esters 0 Anesthetic properties-derivatives of benzoic, 
cinnamic acids, esters 0 Benzoic acid, esters (derivatives)-syn- 
thesis, biological evaluation IJ Cinnamic acid, esters (derivatives)- 
synthesis, biological evaluation 0 IR-analysis 0 Bradykinin- 
induced writhing test-biological analgetic screening 


The objective of this work was to synthesize several 
types of compounds structurally related to acetylsali- 
cylic acid in the hope of obtaining a drug which would 
overcome some of the disadvantages of aspirin. Ideally 
the desired agent should have analgesic-antipyretic 
activity equal to or exceeding that of aspirin. It should 
have a longer duration of action, possibly as a result of 
greater stability toward hydrolytic degradation both in 
vivo and in vitro; this would make liquid dosage forms 
possible. It should also exhibit good aqueous solubility. 
It is also desirable that such a compound produce no, or 
at least greatly reduced, gastric irritation, ulceration, or 
bleeding. 


DISCUSSION 


o-Acetoxyphenylpropionic acid (I) was reported (1)  to have 
analgesic-antipyretic properties similar to  aspirin. A recent report 
(2), however, could not verify this potency. Molecular models in- 
dicate that the trans isomer of I1 should be incapable of intra- 
molecularly catalyzed hydrolysis and therefore be more stable. 
Of the two vinylogs of aspirin (11), only the cis isomer showed ac- 


CH=CHCOOH 
O-C-CH,l 


II 


CH2CH2COOH 
0-C-CH, 


II 
0 


I 


CH2COOH 
0-C- CH, 


I1 
0 


I11 


0 
I1 


tivity (2). For similar reasons the preparation of an acetyl derivative 
of o-hydroxyphenylpropiolic acid was attempted. Synthesis of this 
compound has thus far been unsuccessful. o-Acetoxyphenylacetic 
acid (111), the first homolog of aspirin, was recently prepared (2) 
and found to lack significant activity. 


Compounds of Type IV (R’ = H) were synthesized (3) but failed 
to show pharmacological activity of any significance. Their hy- 
drolytic decomposition rate was considerably greater than aspirin 


0 
II 


0 
Iv 


H 0 
I 


V VI 


(5-42 times). Since acid functions such as carboxyl groups tend to 
sharply lower biological potency (4), several esters of IV (R‘ = lert- 
butyl) were prepared. Two such esters showed relatively good re- 
sistance to in uirro hydrolysis (3). This factor alone could alter the 
absorption and distribution picture in the animal body-and thus 
possibly its pharmacology. The vinology principle ( 5 )  was the 
rationale for the preparation of several cinnamates V (R’ = H and 
tert- butyl). 


p-Methoxyacetylsalicylic acid has good antipyretic activity (6). 
o-Methoxybenzoic acid also exhibits some activity (7). More re- 
cently, it was found (8) that 2-(3-carboxy-4-methoxyphenyl)alanine, 
a precursor to “phenylalanine aspirin,” possessed good analgesic ac- 
tivity. It was therefore deemed of interest to prepare compounds 
of the o-aminopropoxybenzoic acid type (VI) to determine the pres- 
ence of biological activity. The one member of this series tested for 
analgesia (XXIV) was, however, devoid of this property. 


The synthesis of salicylic acid carbamates of Type VII was unsuc- 
cessful (see Chemistry). Salicyluric acid (VIII) being the main 
metabolite of both aspirin and salicylic acid appeared to offer in- 
teresting possibilities as a structural moiety. Analgesic-antipyretic 
activity for the 4-nitro derivative has been claimed (9). Attempts to 
prepare o-aminoacetoxy derivatives were undertaken but were 
unsuccessful. 


n - 
@EHCHICOOH II 


0 
VII 


CHEMISTRY 


vn1 


tert-Butyl aminoacetoxysalicylates (IV) were synthesized by 
acylation of fert-butyl salicylate with bromoacetyl chloride followed 
by treatment with the appropriate secondary amine. o-Coumaric 
acid was converted to o-chloroacetoxycinnamic acid (XVIII) by 
reaction with chloroacetic anhydride and sodium chloroacetate. 
Conversion of XVIII to its tert-butyl ester (XIX) was accomplished 
in poor yields by either treatment with isobutylene and H2S04 
(9%) or by conversion to the acid chloride with SOClz followed by 
treatment with tert-butyl alcohol and pyridine (13 %). Reaction of 
XIX with NaI in acetone followed by the desired amine afforded 
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Table I-Disubstituted tert-Butyl Aminoacetoxysalicylate Hydrochlorides 


Recrystn.a 7-p Anal., %---- 
Compd. R Solvent M.p. "C. Calcd. Found 


XI Thiamorpholino A 177-178* C, 54.60 c, 54.49 
H, 6.47 H, 6.37 
N, 3.75 N, 3.77d 
C ,  60.11 C ,  62.46 
H, 6.53 H, 6.49 
N, 4.12 N, 4.28 


XI11 Dially lamino B 141-143b C ,  62.03 C, 61.42 
H, 7.07 H, 7.12 
N, 3.86 N, 3.81 


XIV cis-2,6-Dimethyl- C 186-187b C ,  62.55 C ,  62.46 
piperidino H, 7.88 H,  7.73 


C1, 9.24 C1, 8.92 
C ,  61.70 


pyrrolidino H, 7.63 H, 7.70 
c1, 9.59 C1, 9.20 


XVI 3-Azabicyclo- D 174175b*c C, 63.70 C ,  63.81 
[3.2.2]-nonano H, 7.64 H, 7.85 


N, 3.54 N, 3.43 


XI1 3-Pyrrolino A 1 58-159b 


xv cis-2,5-Dimethyl- C 170-1 72b C, 61.69 


0 A = ethyl acetate-ethanol; B = ethanol (95 Z); C = ethyl acetate-mc 
d Sulfur analysis: Calcd. 8.57. Found: 8.55. 


V,'(R' = tert-butyl) as the free base. Conversion to the hydrochloride 
salt resulted in cleavage of the tert-butyl group in at least one in- 
stance (see Experimental) yielding the aminoacid hydrochloride 
V (R' = H). Methyl o-(3-bromopropoxy)benzoate (XXIII) was 
prepared by treatment of methyl salicylate with NaOCHa and re- 
fluxing the product with 1,3-dibromopropane, Reaction of XXIII 
with the appropriate amine followed by acid hydrolysis of the methyl 
ester gave VI as the hydrochloride salt. Alternately, VI could be 
prepared by reaction of methyl salicylate (as the Na salt) with di- 
alkylaminopropyl chloride followed by hydrolysis of the methyl 
ester. 


0 


C---O-CH,-+ 
O-C--iZ(C,H,), 


II  


I1 
0 


xxx 


0 


:thanol; D = ethyl acetate. b Melted with decomposition. c Sealed capillary. 


ThecarbamateVII(R = diethyl) was attempted but did not lead to 
the desired product. Benzyl diethylcarbamoylsalicylate (XXX) was 
synthesized by treating benzyl salicylate with phosgene and react- 
ing the resulting chloroformate with diethylamine. Alternately XXX 
was also prepared by direct reaction with diethylcarbamoyl chlo- 
ride. Reductive debenzylation of XXX, however, did not afford 
VII; salicylic acid was the isolable product. A possible mechanism 
for this unexpected result is proposed (Scheme I). 


EXPERIMENTAL 


All melting and boiling points are uncorrected; melting points 
were determined in capillary tubes. Infrared spectra were obtained in 
KBr pellets on a Perkin-Elmer 337 instrument. Elemental analyses 
were done by Smith, Kline & French Laboratories and Alfred 
Bernhardt, Max-Planck Institute, West Germany. Animal testing 
was carried out by the Pharmacology Department, Menley & 
James Laboratories. 


tert-Butyl Dialkyl or Cycloalkylaminoacetoxysa!icylate Hydro- 
chlorides-tert-Butyl Salicylate (IX)-This was prepared in 40- 
50z yield by either treatment of salicyloyl chloride with tert-butyl 
alcohol as described by Cwalina and Gringauz (3) or by HSOa 
catalyzed reaction of salicylic acid with excess isobutylene accord- 
ing to McCloskey and Fonken (10). 


tert-Butyl Bromoacetoxysalicylate (X)-This was prepared in 
68% yield from IX and bromoacetyl chloride according to Cwalina 
and Gringauz (3). 


tert-Butyl Thiamorpholinoacetoxysalicylate Hydrochloride ( X I e  
To a solution of 8.10 g. (0.0257 mole) of X in 50 ml. absolute ether 
there was added dropwise and with stirring 5.15 g. (0.0514 mole) of 
thiamorpholine' in 10 ml. of dry ether. The stirred mixture was 
refluxed for 6 hr. and filtered. Addition of ethereal HC1 precipitated 
6.0 g. (62.5%) of the desired salt. Repeated recrystallizations from 
ethyl acetate-ethanol (70:30) gave m.p. 177-178" dec. The free 
base could also be obtained in 53% yield, m.p. 83-90" (crude). 
The five additional analogs similarly prepared are listed in Table I. 


o-Disubstituted Alkylaminoacetoxycinamic Acid Hydrochloride 
-0-Coumaric Acid (XVI+This was prepared in 75-80z yield 
from coumarin by treatment with aqueous NaOH and yellow HgO 
according to Seshardi and Rao (1 1). 


' A  sample of thiamorpholine was supplied by Dr. W. Horrom of 
Abbott Laboratories, N. Chicago, Ill. Scheme I 
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Table 11-Disubstituted o-3-Aminopropoxybenzoates and Benzoic Acid Hydrochlorides 


~~~~~~ 


Compd. R'  R Method. M.p. "C.b 


~~~ 


Anal., % 
Calcd. Found 


XXIV CH 3 Diethylamino A and B 86-88 C, 59.69 c ,  59.79 
H, 8.02 H, 8.08 


xxv H Diethy lamino 135-137 C ,  58.43 C, 58.19 
H, 7.71 H, 7.68 


XXVI CH3 Pyrrolidino A 139.5-140 C, 60.10 C, 60.16 
H, 7.40 H, 7.45 


XXVII H Pyrrolidino 139-141 C, 58.84 C, 59.08 
H, 7.05 H, 7.04 


XXVIII CHI Dimethylamino B C ,  57.04 c, - 
H, - H, 7.36 


d C, 55.62 XXIX H Dimethylamino c ,  55.49 
H, 7.52 H, 6.99 


c 


0 Methods A and B as described in Experimental section. b Solvent of recrystallization was ethyl acetate-2-propanol, 80:20 for the methyl esters, 
50:50 for the acids. c Could not be crystallized. d Extremely hygroscopic; no valid m.p. was obtainable. 


o-Chloroacetoxyciriiiarnic Acid (XVlll)-A mixture of 50.0 g. 
(0.302 mole) XVII, 102.5 g. (0.60 mole) of freshly distilled chloro- 
acetic anhydride and 35.6 g. (0.302 mole) of sodium chloroacetate 
was stirred 15 hr. at 60". The resultant melt was poured into ice 
water and stirred until solidification. The crude product obtained 
was air dried and extracted from unreacted XVIl with CH2CI,. 
Treatment with charcoal and evaporation of solvent afforded 41 .O 
g. (56.5 2) of product which, after recrystallization from benzene- 
ether melted at 135.0-137.5'. 


Aiiul.-Calcd. for C,,H9CIOI: C, 54.90; H, 3.77; CI, 14.74. 
Found: C, 55.16; H, 3.77; CI, 14.68. 


tert-Butyl o-Chloroacetoxycinnamute (X1X)-Direct reaction 
of XVIII with isobutylene and HnS04 according to McCloskey and 
Fonken (10) gave a crude yield of 9% with accompanying recovery 
of XVIl and XVIII. A somewhat better yield was obtained by the 
dropwise addition, at room temperature, of the acid chloride 
prepared from 34.5 g. (0.143 mole) of XVIlI with SOCb in dry 
benzene to a stirred solution of 10.6 g. (0.143 mole) tert-butyl 
alcohol and 11.3 g. (0.143 mole) pyridine. After 6 hr. the mixture 
was poured into ice water and extracted with ether. Evaporation of 
the combined, dried (Na2S04) ether extracts afforded a dark oil. 
Repeated extractions with boiling petroleum ether (30-60") yielded, 
on cooling, 5.6 g. (1 3.3 %) of product. Repeated recrystallization 
from the above solvent gave a m.p. 55-57'. 


And-Calcd. for CI5H,,C1O4: C, 60.71; H, 5.78; CI, 11.95. 
Found: C, 60.68; H, 5.75; CI, 12.06. 


tert-Bury1 0- Morpholiiioacetoxyciiinamute Hydrochloride ( X X ) -  
To a solution of 4.4 g. (0.00149 mole) XIX in 50 ml. of N2-purged 
acetone there was added 2.22 g. NaI similarly dissolved and the 
mixture refluxed several hours under Nz. The resulting product 
was treated with 2.58 g. (0.0298 mole) of morpholine in 100 ml. 
absolute ether and refluxed an additional 3 hr. After filtering the 
precipitate the residue was treated with HCI gas to yield, after 
crystallization from 2-propanol, 3.71 g. (65%) of product. Four 
recrystallizations gave a m.p. 165-167". 


And-Calcd. for C19H26CIN05: C, 59.47; H, 6.83; C1, 9.24; N, 
3.65. Found: C, 59.00; H, 6.87; CI, 9.12; N, 3.57. 


tert-Bufylo-3-Azabicyclo-[3.2.2]-nonan-3-ylucetoxyciiinurnu1e Hy- 
drochloride (XXIbThis was similarly prepared and recrystallized 
from ethyl acetate-2-propano1, m.p. 146147". 


Anal.-Calcd. for C23H&1NO~.H20: C, 62.85; H, 7.78; N, 
3.18. Found: C, 62.70; H, 7.75; N, 3.18. 
0- Diethylamiiioucetoxyciriiiumic Acid Hydrochloride (XXU- 


This compound was obtained in 67% yield from XIX and diethyl- 
amine. Attempted conversion of the tert-butyl ester to its hydro- 
chloride apparently cleaved the ester? directly to the free carboxyl 
group. Repeated recrystallization from 2-propanol gave a m.p. 
183-185" dec. 


Anal.-Calcd. for C1&H2&1N04: C ,  57.41; H, 6.43; N, 4.47 
Found: C, 57.59; H, 6.52; N, 4.49. 


o-Disubstituted Alkylaminopropox ybenzoic Acid Hydrochlorides 
--Methyl o-3-Bromopropoxybenzoate ( X X l l W T o  152 g. (1 mole) 
methyl salicylate there was added a freshly prepared solution of 
23.0 g. (1 mole) Na in 400 ml. absolute methanol. After the addition 
of 487 g. (2.4 moles) of 1,3-dibromopropane, 300 ml. xylene, and 100 
ml. dimethylformamide, the methanol was distilled off and the 
remaining mixture refluxed 14 hr. Following workup with water, 
the mixture was washed with 5% NaOH, saturated NaCl, and 
dried (Na2S04). Evaporation of the solvent in uacuo gave 118 g. 
(43%) of an oil, b.p. 135-136" (1.2 mm.), n2oS 1.5381, d:5 1.363. 


Methyl o-3-Diethyluminopropoxybenzoute (XXII/)-Method A- 
To 13.65 g. (0.05 mole) XXIII dissolved in absolute ether there was 
added 7.31 g. (0.10 mole) diethylamine and the mixture refluxed 18 
hr. Filtration of the precipitate, followed by removal of solvent 
gave 8.3 g. (62.7x) of an oil, b.p. 120-124" (2 mm.), n?? 1.5094. 
Treatment with ethereal HCI gave the hydrochloride, m.p. 85-86* 
(ethyl acetate-2-propanol). 


Method B-To a suspension of 0.25 mole of sodium methyl 
salicylate (prepared as above) in 250 ml. of toluene there was added 
37.2 g. (0.25 mole) of 3-diethylaminopropyl chloride and the mix- 
ture refluxed 20 hr. Workup as above afforded 14.2 g. (22%) XXIV, 
b.p. 140-145" (2.5 mm.), tz%' 1.5038. The hydrochloride melted 
at 86-88". A mixed melting point with the product obtained by 
Method A gave no depression. The IR spectra of both salts were 
identical. 


Aiiu1.-Calcd. for Cl,H,,CINOI: C, 59.69; H, 8.02. Found: C, 
59.79, H, 8.08. 


o-3-Diethylamitzopropoxybenzoic Acid Hydrochloride ( X X Q -  
Refluxing 10.9 g. (0.0361 mole) XXIV with 5 ml. concentrated 
HCI and 40 ml. H 2 0  for 4 hr. gave, after evaporation of the solvent 
in VUCUO, an oil. Cooling and repeated scratching with absolute 
ether afforded 9.1 g. (8873 of product. Three recrystallizations 
from ethyl acetate-2-propano1(50:50) gave a m.p. 135-137". 


And-Calcd. for C11H22C1N03: C, 58.43; H, 7.71. Found:]C, 
58.19; H, 7.68. 


Additional analogs of XXIV and XXV were similarly prepared 
and are listed in Table 11. 


PHARMACOLOGY 


Analgetic screening was performed using the modified bradykinin 
induced writhing test in mice (12). The compounds were adminis- 
tered at doses equivalent to the EDso' of aspirin, on a molecular 
weight basis, in a volume of 10 ml./kg. Ten mice per group were 
used for each compound and three groups of controls received the 
appropriate vehicle. Compounds XI, XV, XVI, XX, XXI, XXII, 


ZCwalina and Gringauz (Reference 3) have shown the ease with 
which similar tert-butyl esters are cleaved under analogous conditions. 


424 Journal of Pharmaceutical Sciences 


3 The dose which produces analgesia in 50% of the animals tested. 







and XXV were tested. Only XI exhibited any activity. When com- 
pared to aspirin this activity was insignificant. 


Local anesthetic activity was assayed as the ability of the test 
agent to inhibit the blink reflex in the rabbit when the cornea was 
lightly stimulated. Butacaine sulfate (Butyn sulfate) was used as a 
control local anesthetic. Compounds XI, XV, XVI, XX, and XXI 
were tested and found to have no local anesthetic activity. 
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Evaluation of an Improved Heidelberg 
Telemetry Capsule for the Study of Antacids 


Keyphrases 0 Heidelberg FM-transmitting capsule-evaluation 0 
Gastric function assessment-Heidelberg telemetry capsule, evalua- 
tion 


Sir: 


Development of a telemetry system employing the 
Heidelberg FM-transmitting capsule has provided a 
convenient methodological approach to the clinical 
assessment of normal gastric function, as well as 
disease- and drug-induced alterations in gastric activity. 
The Heidelberg capsule, while elegant in concept, has 
been found lacking in dependability, a defect related 
possibly to  transmitter construction. One factor in- 
volved in the lack of reliability may have been the 
relatively large hydrogen-ion sensor that permitted 
accumulation of particulate matter (e.g., antacids) and 
mucous debris, thus interfering with normal operation. 
Furthermore, a relatively high percentage of the cap- 
sules did not exhibit a linear response throughout the 
functional range of pH 1 to 7 during in uitro standardiza- 
tion (1). 


A modified Heidelberg probe, having a smaller 
hydrogen-ion sensitive area, has recently been made 
available. These redesigned telemetry capsules have 
demonstrated a high degree of in uitro reliability with 
regard to  linearity of response in the workable pH 


1 Medintron Corp. of America, New York, N. Y 


range of 1 to 7. The purpose of this study was to evalu- 
ate the in uiuo performance of this modified device. 


A FM-signal receiving unit,’ in belt form, was posi- 
tioned externally over the stomach area of healthy 
adult human subjects and connected to a recorder for 
continuous monitoring of transmitted pH values. 
Throughout the experimental period the subjects sat 
erect in an arm chair. Each telemetry capsule was 
activated by saturation of the hydrogen-ion sensitive 
end-plate with 0.9 % sodium chloride solution, and 
calibrated in Beckman buffer solutions of pH 2 and 7 
at 37”. The capsule was swallowed by the fasted subject, 
and gastric pH was monitored during the subsequent 
50-min. period. After recording baseline pH values 
(3 to 10 min.), a specified dose of one of four commercial 
antacid preparations (designated A, B, C, and D) was ad- 
ministered with 30 ml. of water at room temperature: 
antacid A, 22 ml., suspension; B, 22 ml., suspension; 
C, 5 ml., suspension; D, two tablets. Each antacid 
preparation contained aluminum and magnesium hy- 
droxides; formulation C also contained magnesium 
carbonate and methyl polysiloxane. 


The apparent onset and duration of gastric acid 
buffering activity following administration of the three 
liquid and one solid antacid formulations are reported 
in Table I. 


Although all of the “improved” Heidelberg capsules 
were apparently operative, as determined by in uifro 
calibration in buffer solutions and recording of pH 
signal immediately after swallowing the device, in ap- 
proximately 14% of the trials ( 5  of 35 experiments) 
the anticipated elevation of gastric pH after administra- 
tion of antacid was not perceived. In 8 6 z  of the trials 
the onset of buffering activity (i.e., elevation of gastric 
pH above 3.0) following administration of antacid was 
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or rectal tracts since all of the models studied showed fairly good 
agreement. More knowledge of the structure and microenvironment 
of the membrane as well as drug interactions with cellular sub- 
stances is necessary before modification of the physical models can 
be made. Furthermore, the models generally have more quantitative 
parameters in detail which the usual in situ experiments alone cannot 
provide. However, the physical model approach to  drug transport 
studies is being further investigated. 
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Interfacial Barriers in Interphase Transport 111: 
Transport of Cholesterol and Other Organic Solutes 
into Hexadecane-Gelatin-Water Matrices 


ABDEL-HALIM GHANEM, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract 0 The purpose of this study was to quantitate the trans- 
port behavior of several organic solutes in matrix systems composed 
of micron-size hexadecane droplets dispersed in an aqueous gelatin 
gel where the oil-water interfacial barrier to transport was ex- 
pected to play an important role. Two interrelated experiments were 
conducted. The first was the one-dimensional aqueous uptake of the 
solute by the matrix which was a continuous layer placed at the 
bottom of a beaker. The other experiment was solute uptake and 
release from aggregates of oil droplets suspended in an aqueous 
medium. Solutes investigated were l*C-labeled cholesterol, diethyl- 
phthalate, 14C-labeled octanol, and 14C-labeled progesterone. The 
data have been analyzed by various physical models. It was found 
that cholesterol transport essentially was controlled by the oil- 
water interfacial barrier in both kinds of experiments-even when 
the matrix thickness was as large as 3.7 mm. For the other solutes, 
the oil-water interfacial barriers were found to be controlling in the 
experiments with aggregates (10-1OOO p). However, in the experi- 
ments with the continuous matrix layers, bulk matrix diffusion 
factors as well as the oil-water interphase transport were found to be 
important for these solutes. The techniques developed in this in- 
vestigation should be useful : (a) in the quantitation of interfacial 
barriers in oil-water interphase transport of solutes, and (6) in the 
separation of various bulk diffusional resistances from interfacial 
resistances in complex multiphase matrices. 


Keyphrases 0 Interphase transport-interfacial barriers 0 Hexa- 
decane-gelatin-water matrix-organic solute transport Matrix 
Iayer-solute uptake 0 Aggregated gelatin encapsulated hexa- 
decane droplets-solute transport 0 Electrolyte, polysorbate 80, 
concentration effects-interphase transport 


Recent studies in these laboratories have been aimed 
at  the mechanistic understanding of various factors in- 
fluencing the interphase transport of drugs and other 
biologically interesting substances. These investigations 
(1-4) have considered, for example, the simultaneous 
multiphase interactions involving pH and the buffer 


Figure l-Schematic diagram showing the apparatus used for the 
continuous matrix layer (CML) uptake experiments. 


parameters, the oil-water partition coefficients, and the 
diffusion coefficients. More recently (5-S), utilizing a 
novel technique, the existence and the importance of the 
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decane were dispersed. The findings of this study have 
been correlated with the previous research in these 
laboratories and demonstrate when an oil-water inter- 
facial barrier is rate determining (5-7) and when bulk 
matrix diffusional factors are dominant (1-3). 


EXPERIMENTAL 


General Considerations-Essentially two kinds of interrelated ex- 
periments were conceived. The first of these was the one-dimen- 
sional aqueous uptake of the solute by a dispersion of oil droplets in 
a continuous gelatin matrix layer polymerized with a formaldehyde 
solution. The second type of experiment was the determination of 
the uptake and release of solute from an aqueous suspension of 
aggregates of the oil droplets prepared by first treating the gelatin 
stabilized oil-in-water emulsion with concentrated sodium sulfate 
( 5 )  and then with a formaldehyde solution. As will be seen, this 
combined approach provides the means to determine the relative 
importances of oil-water interfacial barriers and bulk diffusion in 
complex heterogeneous matrices of this type. 


Materials-The gelatin, hexadecane, sodium sulfate, and diethyl- 
phthalate employed in these studies were PreViously described 


Figme 2-Dark-jield photomicrograph of aggregates before treat- 
ment with formaldehyde solution. 


oil-water interfacial barriers have been quantitated 
for several systems. 


The present communication describes the results of 
experiments on the transport of solutes into and out of 
gelatin matrices in which micron-size droplets of hexa- 


4 I I I I I I I 1 
0 48 96 144 192 


TIME, hr. 


Figure 4-Comparison of experimental l4C-1abeled cholesterol up- 
takes (CML and AGE techniques) with theoretically computed values 
based upon the interfacial barrier model as a function of oil uolumes 
and polysorbate 80. C ,  is counts/min./ml. of solute in the aqueous 
polysorbute 80 remaining versus time in hours. Initial (t = 0)  I4C-4- 
cholesterol concentration was 3.4 X I@% g./ml. and initial aqueous 
volumes were 50 ml. in all experiments. Key: 


0 il 0. I % Polysorbate 0.05 Polysorbate 80 


ml. CML AGE CML AGE 
Volume, 80 Solution (a) Solution (b) 


0 .2  0 0 A 0 
0.4 A 0 
0.8 (3 a A c) 


Curves are theoretically computed values using K = I40 for Curve 
(a) ,  K = 250 for Curve (b),  and P = 5 X 10-0 cm.lsec. 


Figure +Photomicrograph of the aggregates ufer treatment nith 
an 18.5% formaldehyde solulion. 
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Figure 5-Comparison of experimental 14C-labeled cholesterol up- 
take (CML rechnique) with theoretically computed values (interfacial 
barrier model) at two stirring speeds and three 14C-4-cholesterol 
concentrations in 0.1 polysorbate 80. C, is countslmin./ml. of 
solute in the aqueous polysorbate 80 remaining versus time in hours. 
Oil volume was 0.4 ml. Initial aqueous volumes were 50 ml. Key: 


Stirring 8.5 X IF8 3.4 X IF8 1.36 X 1P8 
Speed, r.p.m. g.lml. (a)  g./ml. (b) g./ml. (c )  


50 a A 
150 0 A 


Curre;) are theoretically computed values with K = 140 and P = 
5 X cni./sec. 


-~ _.___ - 


(5, 6). Formaldehyde AR grade' was used. Solutes other than 
diethylphthalate investigated in these studies were 14C-4-choles- 
terol,Z 14C-4-progesterone,3 and 14C-l-octanol. 


Procedure for the Continuous Matrix Layer (CML) Uptak- 
Figure 1 shows a schematic diagram of the experimental apparatus 
which consists of a water-jacketed beaker (A) with a plastic cover 
(B) that prevents evaporation and supports a synchronous motor 
(C).6 Two holes have been drilled in the cover, one for sampling and 
the other for a four-blade glass stirring rod. 


A specified amount of the hexadecane-in-water emulsion stabi- 
lized with gelatin was prepared as previously reported (6). The 
emulsion at 40" was transferred to the beaker, and the temperature 
was immediately dropped to 10" by placing the beaker in an ice 
water bath for 1 hr. Then 25 ml. of a 3.7% formaldehyde solution 
(pH 9.0) at 10" was added to the beaker and allowed to interact 
with the gel for 1 hour at the same temperature. The formaldehyde 
was then leached out by washing with water several times over a 
period of 12-18 hr. In this manner, matrices of different thicknesses 
(volumes corresponding to 1, 2, 4, and 8 ml.) were prepared and 


1 Mallinckrodt Chemical Works, New York, N. Y. 
2 New England Nuclear Corp., Boston, Mass. 
3 Amersham/Searle Corp., Chicago, Ill. 
4 International Chemical and NuSlear Corp., City of Industry, Calif. 
6 Hurst Manufacturing Corp., Princeton, Ind. 


were found to be stable in water or in polysorbate 80 solution 
(0.054.1 %) over a period of 10 days. 


The uptake experiments were carried out in the following manner. 
The aqueous solution of the organic solute was added to the beaker 
containing the prepared matrix system. Stirring was immediately 
initiated using either a 50 or a 150 r.p.m. synchronous motor. The 
temperature was kept at 23 f 2". Samples of 1.0 ml. were removed 
at predetermined time intervals for quantitative analysis. 


Procedure for the Transport Studies with Aggregated "Gelatin- 
Encapsulated" Hexadecane Droplets (AGE)-Fifty grams of an 
18 % solution of sodium sulfate was added to 70 g. of the previously 
described ( 5 )  hexadecanegelatin emulsion. The mixture was stirred 
for 6-8 hr. at 50" (5). The mixture was then transferred to an ice 
water jacketed Waring blender operating at a speed of 150&2000 
r.p.m. and cooled to 10". Then 100 ml. of an 18.5% formaldehyde 
solution (pH 9.0, temperature 10") was added to the mixture and 
allowed to  react for 1 hr. with continuous stirring. The material 
was then washed with water and stored in water until use in the up- 
take experiment. 


B& A q u ~  Phase A.D.L M a t r i x  


\ / 
\ . 


a/ 
Bulk 


M o d e l  (61 
Figure 6-Tlze physical models that describe the uptakes o f  the solute 
from the aqueous phase to the CML, Model (A),  and the AGE, 
Model ( B ) .  A.D.L. = aqueous diffusion layer. A . D .  = aqueous dif- 
fusion. I.T. = interfacial transport. 
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Figure I-Comparison of experimental diethylphthalate uptakes 
(AGE technique) with theoretically computed values (interfacial bar- 
rier model) and the influence of different sodium sulfate concentrations. 
C .  is ml.lml. of solute in the aqueous medium remaining versus time 
in minutes. To 1.5-g. aggregates was added I00 ml. of diethyl- 
phthalate in: 0, water (a); 0, 2.5% sodium sulfate (b); A, 5% 
sodium surfate (c); ando,  7% sodium sulfate (d). Curves are theoreti- 
cally computed values with K = 50, 95, 132, and 160 for (a), (b), 
(c), and(d), respectively; and P = 1.0 x 10+ cm./sec. 


“Fine” aggregates of supramicron sues were produced by this 
procedure and these were found to  be stable in water for a month. 
These aggregates were also found to be stable in polysorbate 80 
solution (0.054.1 %) for at least 7 days. Figure 2 shows a dark- 
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Figure &-Comparison of experimental diethylphthalate uptakes 
(AGE technique) with theoretically computed values (interfacial 
barrier model), and the effect of different aggregate weights in water 
and 7% sodium sulfate. C,  is ml./ml. of solute in the aqueous medium 
remaining versus time in minutes. Key: 


Medium, 100 ml. 0.75 g. I .5 g .  3.0 g .  
~ ~ 


Water (a) 0 0 A 
7% Sodium sulfate (6) 0 A 


Curves are theoretically computed values with K = 50 for Curve (a),  
K = 160 for Curve (b),  andP = 1.0 X I P  cm./sec. 
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Figure 9-Comparison of experimental diethylphthalate releases 
(AGE technique) with theoretically computed values (interfacial 
barrier model) and the influence of different sodium sulfate con- 
centrations. C ,  is ml.lml. of solute in the aqueous medium released 
versus time in minutes. Volume of the aqueous medium was 100 ml. 
Key: 


2.5 % 5% 7% 
1 S-g. Sodium Sodium Sodium 


Aggregates Water (a) Sulfate (6) Sulfate (c) Sulfate ( d )  


Fine 0 A 0 


Curves are theoretically computed values with the same parameters 
as previously mentioned under Fig. 7. 


Coarse 0 A 


field photomicrograph of the aggregates before treatment with 
formaldehyde. Figure 3 shows a photomicrograph of the aggregates 
after treatment with formaldehyde solution. Visual examination of 
these aggregates showed that about 10% were singlets, about 2 0 x  
were aggregates of 2-10, about 40% were from 10 to 20, 20% were 
from 20 to 100, and 10% from 100 to 200. 


“Coarse” aggregates were also prepared in a similar manner but 
by using a 22% sodium sulfate solution instead of 18% as was used 
in the case of the “fine” aggregate preparation. Visual examination 
of this preparation indicated that about 10% were singlets, 2 0 x  
were from 2 to 10,20% from 10 to 50,30% from 50 to 200, and 30x 
from 200 to 500. 


The solute uptake experiments were carried out as follows. The 
stock aggregates in water were stirred for a few minutes, a portion 
was filtered, and then allowed to remain for 2 hr. on the filter. A 
predetermined amount (0.75, 1.5, or 3.0 8.) was transferred to a 
150-ml. plastic beaker‘ which was found to resist sticking of the 
aggregates to the beaker wall-a problem encountered with glass- 
ware. Exactly 100 ml. of the aqueous medium containing the solute 
was then added to the beaker. Stirring was initiated immediately 
by means of a synchronous motor (150 or 300 r.p.m.) with a mag- 
netic head coupling to a magnetic stirring bar. In order to achieve 
good dispersion of the aggregates, the magnetic head was placed 
slightly off-center of the beaker. The temperature was kept at 
23 i. 2”. At different time intervals, a sample of 5 ml. was with- 
drawn by a 10-ml. syringe, and approximately half of it was filtered 
through a silver filter membrane’ using a 10-mm. diameter stainless 
steel filter holder? Part of this filtrate was used for analysis. 


The diethylphthalate release studies with these aggregates were 
carried out in the same way except that the prepared aggregates 
were treated in the following manner. A suspension of about 60 g. 
of the aggregates in about 200 ml. of water containing 1.2 ml. of 


Nalgene, Nalge Co., Rochester, N.  Y. ’ Selas Flotronics, Spring House, Pa. * Millipore Filter Corp., Bedford, Mass. 
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Figure 10-Comparison of experimental diethylphthalate releases 
(AGE technique) with theoretically computed values (interfacial 
barrier model) and the effect of different aggregate weights in water 
and 7% sodium sulfate. C, is ml./ml. of solute in the aqueous medium 
released versus time in minutes. Key: 


Medium, 100 ml. 0.75 g. I .5 g. 3.0 g.  


Water (a)  A w 0 
7% Sodium sulfate (b)  A n 0 


Curves are theoretically computed values with the same parameters 
as previously mentioned under Fig. 8. 


diethylphthalate was slowly stirred for 48 hr. with a magnetic stirrer. 
The mixture was then filtered, washed twice with 50 ml. of water, 
and stored in 200 ml. of a 0.03% diethylphthalate solution. The 
concentration of diethylphthalate in the encapsulated oil was de- 
termined by total extraction of diethylphthalate (5). 


Assay Procedure-Where radioactive-labeled materials were 
employed, the Beckman LS 200B liquid scintillation systems was 
used. In the diethylphthalate experiments, a spectrophotometric 
analysis1° (X = 273.5 mp) was employed. 


EXPERIMENTAL RESULTS AND 
THEORETICAL TREATMENT 


I4C-Labeled Cholesterol Transport from Aqueous Polysorbate 80 
Solution into the Hexadecane-Gelatin Matrix Layer (CML) and into 
Dispersed Aggregates (AGE)-The results of the 14C-4-cholesterol 
uptake experiments using both techniques (CML and AGE) for 
three oil volumes and two polysorbate 80 concentrationsll (0.05 
and 0.1%) are presented in Figs. 4 and 5. The uptake rates were 
found to be generally slow and, for the CML as well as the 


Beckman Instruments, Inc., Fullerton, Calif. 
lo Hitachj, Ltd., Tokyo, Japan. 
11 Preliminary experiments showed that in the absence of polysorbate 


80, appreciable adsorption of cholesterol occurred on the beaker walls. 


AGE experiments, the rates were dependent strongly on the oil 
volumes in the system. Figure 5 presents the influence of the stirring 
rates and the aqueous 14C-4-cholesterol concentration upon the 
CML uptake experiments. As can be seen, stirring had a negligible 
effect upon the rates. Also the uptake rates were found to be directly 
proportional (first order) to the cholesterol concentration. 


The CML and the AGE uptake rates were found to be essentially 
identical when the mass of the oil phases were the same, as was the 
case for the experiments shown in Fig. 4. As the primary oil par- 
ticle-size distributions were the same for the CML and AGE studies, 
this finding is particularly significant. 


In order to explain these data, let us consider the various possible 
rate-determining mechanisms by referring to the models given in 
Fig. 6. In general, for the CML case there are three possible pro- 
cesses, any of which can be the rate-determining one. These are: 
(a) diffusion through the aqueous diffusion layer of thickness h, 
(b)  diffusion through the matrix itself, or (c) interfacial barrier 
transport. For the AGE experiment these three processes may still 
apply, but the magnitudes of aqueous diffusion and the matrix 
diffusion resistances would be expected to be much smaller than 
for those in the CML situation. The interfacial barrier, however, 
would be expected to be about the same for both the CML and the 
AGE situations, even though the preparation procedures differed 
somewhat (see Experimental). 


All of these experimental results for cholesterol uptake in 
both systems support the mechanism in which an interfacial barrier 
is rate determining. First, the absolute rates were essentially the same 
for the CML and the AGE experiments in every situation. Secondly, 
the rate of stirring had no influence on the CML uptake rates. 
Thirdly, the uptake rates showed a strong oil volume (or a layer 
thicknessj dependence with the CML experiments. This would not 
have been expected if either transport in the aqueous diffusion layer 
or transport through the matrix itself was rate determining. Thus 
all of the data support the overwhelming importance of the inter- 
facial process in both situations. 


These conclusions justify the quantitative treatment based 
upon an interfacial barrier control developed previously (5). Thus 
employing the primary oil droplet size distribution data obtained 
earlier (6) and the independently determined partition coefficients, 
the theoretical uptake rates were calculated using different inter- 
facial barrier permeability coefficients. These theoretical calcula- 
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Figure 11-Experimental dierhylphthalate uptakes using the CML 
method as a function of matrix oolume and stirring. C, is mf./ml. of 
solute in the aqueous medium remaining versus time in minutes. 
Volume of the aqueous medium was 50 ml. of water. Key: 


Stirring Speed, 
r.p.m. 2.0 ml. 4.0 ml. 8.0 ml. 


50 0 w A 
150 0 A 
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Figure 12-Experimental diethylphthalate uptakes usiiig CML method 
as a ,function of sodium sulfate concentratioiis arid stirring. C, is 
ml./ml. o f  solute in the aqueous medium remaining versus time in 
minutes. Matrix colume was 4.0 ml. and crq~reous colirme was 50 i d .  


Key: 


Sf irt-itrg 2.5 % 5% 7% 
Speed, Sodium Sodium Sodium 
r.p.tn. Water Sirlfate Sulfate Sirlfirtr 


50 0 A 
1.50 0 0 a 0 


- ~ ~.~ .. . 


tions have revealed that a single permeability coefficient value of 
P = 5 X cm./sec. quantitatively describes all of the data 
(Figs. 4 and 5). The smooth curves presented in these plots corre- 
spond to the theoretical uptake calculations utilizing this P value. 
The agreement, as can be seen, is quite satisfactory. 


Transport of Diethylphthalate into the Hexadecane-Gelatin 
Matrix Layer (CML) and into and out of Dispersed Aggregates 
(AGE)-The results of the diethylphthalate uptake experiments 
employing the AGE method are presented in Figs. 7 and 8. In Fig. 7, 
the influence of the electrolyte concentrations on the uptake rate is 
demonstrated. As can be seen, the significant effects are large at 
times, i.e., near equilibrium. The initial rate appears to be relatively 
independent of the electrolyte concentration. In Fig. 8, comparisons 
of the uptake behavior are shown for three different concentrations 
of the aggregates in water and in 7z sodium sulfate. The strong 
dependence upon the oil volume is apparent. 


The curves given in Figs. 7 and 8 are the theoretically computed 
values based upon the known primary particle distribution (6), 
the independently determined partition coefficients, and a perme- 
ability coefficient, P = 1.0 X cm./sec. The good agreement of 
the experimental data with theoretical computations in regard to 
the time dependence and the oil volume dependence demonstrates 
that the interfacial barrier model (5, 6) is operative. Furthermore, 
this good correlation of the experiment with the theoretical calcula- 
tions states that the electrolyte influence upon the uptake rate is a 
partition coefficient effect and not an effect upon the permeability 
coefficient, as was also found with the nonaggregated, nonencap- 
sulated, bexadecane-gelatin-water systems (6). 


Results of the diethylphthalate release rate experiments with the 
dispersed aggregates are given in Figs. 9 and 10. The effects of dif- 


ferent electrolyte concentrations upon the release rate are shown in 
Fig. 9 for both the “fine” and “coarse” aggregate systems. Figure 
10 presents the data on the oil volume effect for the release of 
diethylphthalate into water and 7 


The curves in Figs. 9 and 10 give the theoretically computed 
values for the release of diethylphthalate using the primary droplet 
size distribution data (6), the independently determined partition 
coefficient for each situation, and a P value of 1.0 X 1W6 cm./sec. 
The good agreement obtained for the uptake (Figs. 7 and 8) using 
the same P value clearly shows that the same interfacial barrier 
model is governing the transport of the solute in both situations. 
It is noteworthy that the aggregate size differences between the 
“fine” and “coarse” aggregates do not appear to be significant 
(Fig. 9). It was also found that experiments at 150 and 300 r.p.m. 
showed no differences in these experiments. 


Results of some of the diethylphthalate uptake experiments em- 
ploying the matrix layer method (CML) are presented in Figs. 11 
and 12. Figure 11 shows the matrix volume and the stirring rate 
effects upon the solute uptake rates. Figure 12 presents the influence 
of electrolyte concentration on the diethylphthalate CML uptake 
rates. 


In contrast to the cholesterol CML and AGE experiments 
(Figs. 4 and 5), in which the rates in both kinds of experiments were 
comparable and in good agreement with the interfacial barrier 
model, the diethylphthalate CML and AGE experiments show large 
differences in several respects. First, the diethylphthalate CML 
rates are generally much slower than the AGE rates. Secondly, 
there is an appreciable initial stirring rate effect in the diethyl- 
phthalate CML experiments. Finally, the CML matrix volume effects 
(Fig. 11) are relatively much smaller than those observed with the 
diethylphthalate AGE experiments and the cholesterol CML and 
AGE experiments. All of these findings dictate, that in the diethyl- 
phthalate CML experiments, the interfacial barrier is not, or at least 
not by itself, rate determining. 


The CML data in Figs. 11 and 12 have been further theoretically 
treated employing a matrix-bulk diffusion model developed in 
these laboratories (3) using the mixture relationships (1, 2) 
that assume rapid equilibrium between the oil droplets and the gel 
matrix. The comparison of the experimental data with this theory 
has so far not been very satisfactory. Consequently, a model in- 
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Figure 13-Comparison of experimental 14C-labeled octanol uptakes 
(AGE tethnique) with theoretically computed values (interfacial 
barrier mode[) as a function of aggregate weights. C.  is counts1 
min.lml. of the solute in water remaining versus time in min- 
utes. One hundred milliliters of 14C-l-octanol solution in water was 
added to: 0, 0.75 g. (a); 0, 1.5 g. (b); and A, 3.0 g .  (c) of the ag- 
gregates. Curves are theoretically computed values with K = 50 and 
P = 1.0 X IC4  cm./sec. 
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Figure 14-Comparison of experimental 14C-labeled progesterone 
uptakes (AGE technique) wifh theoretically computed values (in- 
terfacial barrier model) as a function of the aggregate weights and 
polysorbate 80 solutions. C ,  is counts/min./ml. of the solute in the 
polysorbate 80 remaining versus time in minutes. Key: 


Medium, 100 mf. 0.75 g .  1.5 g .  3.0 g. 


0 . 1  % Polysorbate 80 (a) 0 0 A 
0.05  % Polysorbate 80 (b)  0 A 


Curves are theoretically computed values with K = 160 for Curve (a), 
K = 185 for Curve (b) ,  and P = 1.0 X 1 P 6  crn./sec. 


volving the simultaneous consideration of (a)  the aqueous diffusion 
layer, (b)  bulk gelatin-matrix diffusional parameters, and (c) the 
interfacial transport barrier of the oil droplets is being developed 
(9). 


Transport Studies with Other Solutes Employing the AGE Tech- 
nique-Uptake studies with 14C-1-octanol and 14C-4-progesterone 


are shown in Figs. 13 and 14, respectively. These experiments with 
octanol (Fig. 13) compare very well with the theoretically computed 
values using the primary droplet size distribution (6), independently 
determined partition coefficient, and a P value of 1 x lop4 cm./sec. 
Figure 14 compares the experimental 14C-4-progesterone uptake 
rates from polysorbate 80 solutions12 by the aggregates with theo- 
retically computed values employing the same primary droplet size 
distribution (6), the partition coefficients, and a P value of 1.0 X 
loa5 cm./sec. The I4C-labeled progesterone results which show good 
agreement with the theoretical calculations indicate that the poly- 
sorbate 80 concentration effect is primarily a partition coefficient 
effect rather than a permeability coefficient effect. More work is 
underway to distinguish whether the free solute, the micelle- 
solubilized solute, or both are involved in the interfacial event. 


DISCUSSION 


These techniques and their general applicability to various solute 
transport situations should be uniquely helpful in many biological 
and pharmaceutical problems. One aspect of the studies underway 
in these Laboratories is aimed at the molecular mechanistic under- 
standing of transport factors a t  biological membranes and tissues. 
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Pharmacological Evaluation of Seizures Induced by 
Electrical Stimulation of the Hippocampus 


PENG N. YEOH and HAROLD H. WOLF 


Abstract 0 A method to induce minimal seizures in unrestrained 
rats uia bipolar electrodes implanted in the right dorsal hippo- 
campus has been described. The threshold for such seizures is 
reproducible, stable over time, and elevated by trimethadione and 
high doses of diphenylhydantoin. Propranolol and pronethalol also 
raise seizure threshold, but MJ1999 and D(-)- and L(+)-INPEA 
are ineffective. The adrenergic agents do not seem to alter seizure 
threshold by their ability to block preceptors. 


Keyphrases 0 Hippocampal stimulation-bipolar electrodes 0 
Convulsive seizures-electrical stimulation, hippocampus 0 
Electrically produced seizures-convulsive threshold 0 Anti- 
convulsants effect-electrically produced seizures 


Several techniques to produce minimal seizures 
experimentally have been reported (1). Some involve 
the application of electric current uiu corneal electrodes 
to restrained animals, while others employ such chemi- 
cals as hexafluorodiethylether and metrazol. The former 
method is less than ideal, since brief restraint lowers 
seizure threshold (2), while the latter methods are 
subject to criticism of possible drug-drug interaction 
when used in drug studies designed to  elucidate seizure 
mechanisms. 


One objective of this study was to develop a method 
to  induce minimal seizures electrically in unrestrained 
rats. Ideally, such seizures would be easily induced, 
stable, and reproducible over a long time. 


A second objective of this study was to  determine 
whether such seizures would respond to  anticonvulsants 
such as diphenylhydantoin and trimethadione in a 
manner similar to  that observed with other experi- 
mentally induced seizures (3-5). 


At present, the mechanisms responsible for seizure 
expression are still not fully known. However, there is 
much evidence indicating an involvement of catechol- 
amines. For example, Schlesinger et ul. (6)  and Scudder 
et al. (7) reported that mice with higher than normal 
susceptibility to  seizures had lower catecholamine 
levels. Other studies have shown that reserpine, tetra- 
benazine, and more selective catecholamine depletors 
increased seizure susceptibility; while treatment with 
the catecholamine precursor, L-dopa, in the presence 
of iproniazid inhibited seizure activity (8-10). In 
general, the existing evidence seems to  relate low 
catecholamine levels with a high susceptibility to 
seizure expression. 


Some earlier experiments in this laboratory (1 1) 
demonstrated that P-adrenergic blocking agents, e.g., 
propranolol and pronethalol, elevated thresholds in 
mice to low-frequency electroshock (1. f. ES). In addi- 
tion, pronethalol protected susceptible mice from 
audiogenic seizures. Thus, a third objective was to 
pursue further the effect of selected 0-adrenergic 
blocking agents on convulsive activity by evaluating 


their ability to modify threshold for electrically induced 
hippocampal seizures. 


EXPERIMENTAL 


The drugs studied were diphenylhydantoin, trimethadione, and 
the adrenergic agents propranolol [l-isopropylamin0-3-(l-naph- 
thyloxy)-2-propanol hydrochloride], pronethalol [~,L-l-(2'-naph- 
thyl)-2-isopropylaminoethanol hydrochloride], D( - )- and L( +)- 
INPEA [D( -)- and ~(+)-1-(4'-nitropheny1)-2-isopropylamino- 
ethanol hydrochloride], and MJ1999 [4'-(2-isopropylamino-l- 
hydroxyethyl)methanesulfonanilide]. Except for L( +)-INPEA, all 
these compounds are well-established peripheral 0-adrenergic 
blocking agents (12). 


The experimental animals employed were male Wistar albino 
rats (200-300 g.).' Under pentobarbital anesthesia (45 mg./kg.), 
these rats were stereotaxically implanted with stainless steel (0.3- 
mm. diameter) bipolar electrodes (MS 303-018"-312"-SS-010")2 
in the right dorsal hippocampus (2.59 mm. lateral to saggital zero; 
3.80 mm. anterior to frontal zero, and 2.50 mm. below the brain 
surface) according to the rat atlas of Konig and Klippel (13). The 
hippocampus was chosen because of its low threshold to seizure 
expression. 


Following surgery, the rats were housed individually in plastic 
cages (16 X 25 X 25 cm.) with free access to food and water. At 
least 1 week later, each rat was transferred to  a testing chamber 
(30 X 30 X 50 cm.) equipped with a oneway mirror. The implanted 
electrodes were then connected to a Grass S4 stimulator in series 
with a capacitor (to maintain constant waveform), a timer key 
(set for 6 sec.), and an external resistor (100 ohm). A current passing 
through the resistor was measured by an oscilloscope and reflected 
that passing through the electrode. With the key opened, a resistor 
box was placed in series with the stimulator to measure rat resis- 
tance. 


In this environment, the rat was able to move about freely. 
After 5-min. adaptation in the experimental box, the rat was sub- 
jected to a series of electrical stimulations of increasing intensities 
until a minimal seizure was seen. 


The stimulus consisted of a train of 0.2-msec. biphasic pulses, 
6 sec. in duration with a frequency of 60 C.P.S. A 2-min. interval 
separated each stimulus. To minimize the total number of stimuli 
administered to any rat, the following schedule was employed. A 
starting current intensity of 150 pamp. was increased in steps of 
50 pamp. At intensities of 600 pamp., the increment was raised by a 
factor of 4; above 1000 pamp., it was raised 10 times the original 
value. The maximum current intensity administered was 3000 pamp. 


A seizure was defined as the presence of readily observed jaw 
chopping and/or myoclonic jerks, and the current intensity that 
just produced such symptoms was defined as the seizure threshold. 
In drug studies, rats that did not exhibit seizures with the maximum 
current were assigned seizure thresholds of 3000 pamp. for statis- 
tical computations. 


The rats were eventually sacrified with pentobarbital and per- 
fused with saline, followed by 10% formalin, via the right ven- 
tricle. Serial collodion sections (30 p )  were stained by the technique 
of Kluver and Barrera (14) and microscopically examined to localize 
the electrode tract as well as to evaluate possible tissue damage. 


All drug injections were made intraperitoneally. Control animals 
received the drug vehicle. 


To determine appropriate doses and the duration of drug activity, 
pilot studies were conducted based on drug-induced neurotoxicity. 


1 Greenacres Laboratories, Amelia, Ohio. 
2 Plastic Products Co., Roanoke, Va. 
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Table I-Stability of Rat Resistance 


Min. 
between Mean Resistance (kohm) Difference 


Test Initial Final Mean 


2 12.51 11.93 0.  
15 13.05 13.62 0.  57° 
20 12.80 12.94 0.14 
30 12.91 14.09 1.1@ 


1440 13.39 13.61 0.22Q 


a p  < 0.05. 


This was defined as the failure of a rat to stay on a rotating rod 
(6 r.p.m.) for 1 min., given three trials. Drug-induced neurotoxicity 
in 50% of the rats (TDbo) with 95% confidence limits was calculated 
using the method of Litchfield and Wilcoxon (15). 


In the evaluation of drug effects on seizure threshold, groups 
of 6-10 rats (average of 8) with a predetermined stable seizure 
threshold (SST) were employed. Half of these received the drug 
and the other half received the drug vehicle. Seizure threshold after 
drug treatment (DST) and control seizure threshold (CST) were 
determined at the time of peak neurotoxic effect of the drug. A 
crossover design with a 7-day interval was employed, so each rat 
served as its own control. Threshold ratios, i e . ,  DSTjSST and 
CST/SST, with 95% confidence limits were calculated by the method 
described by Goldstein (16). 


RESULTS AND DISCUSSION 


The lesion produced by electrode implantation was reconstructed 
with the aid of the atlas of Konig and Klippel (13) and is shown 
in Fig. 1. Tissue damage extended from about 2.2 to 4.2 mm. 
anterior to frontal zero and from 1.1 to 2.5 mm. lateral-saggital 
zero. Only the neocortex, the corpus callosum, and the dorsal 
hippocampus in this region were affected. In all the animals studied, 
the electrode tip lay in the right dorsal hippocampus between 3.7 
and 3.8 mm. anterior to frontal zero, but it was 1.1-2.0 mm. 
lateral to saggital zero. This could be due to the different strain of 
rat used in this study compared to those employed for the construc- 
tion of the Konig and Klippel atlas. 


The stability of rat resistance over time was evaluated; these data, 
presented in Table I, were analyzed by a paired comparison t test. 


Over time intervals ranging from 2 to 1440 min., rat resistance 
varied significantly in all but one test. These results emphasize the 
importance of taking the instantaneous rat resistance into con- 
sideration in any measurement of current intensity passing through 
the brain. Therefore, in all subsequent studies, rat resistance was 
measured during every stimulus, and the actual current intensity 
passing through the electrodes was thus recorded. 


The stability of hippocampal seizure threshold over time is 
presented in Fig. 2. The vertical bars denote 95W confidence limits, 
and any point where a bar does not cross 1.0 indicates a significant 
change in seizure threshold. These data indicate that hippocampal 
seizure threshold remained essentially stable over time intervals 
ranging from 10 to 60 min. between determinations. Additional 
studies with injection of saline between tests also produced no 
apparent change in threshold over the same time intervals. 


The results obtained in the neurotoxicity studies are represented 
in Table 11. The time of peak effect varied from 10 min. for tri- 
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Figure 2-Stability of hippocampal seizure threshold over time. 
Threshold ratio was determined by dividing the final seizure threshold 
by the initial seizure threshold (n = 6).  


Table 11-Neurotoxicity of Drugs 


Time of 
Peak 


Effect, TD5o X lo-', 
Drug min. mmoles/kg. 


Dip henylhydantoin 60 8.30 (5.9W11.60)" 
Trimethadione 10 32.80 (29.50-33.40) 
Propranolol 


MJ1999 30 >8.0 


15 1 . 1 1  (1.0$-1.18) 
Pronet halo1 15 1.23 (0.99-1.52) 


D( -)-INPEA 20 2.06 (1.35-3.15) 
L( +)-INPEA 20 2.08 (1.51-2.87) 


a Figures in parentheses represent 95 % confidence limits. 


methadione to 60 min. for diphenylhydantoin. The remaining 
compounds exhibited peak activity between 15 and 30 min. As 
would be expected from previous studies (4, 5 ) ,  the neurotoxicity 
potency of trimethadione was quite low compared to that of the 
other drugs tested. Complete toxicity studies for MJ1999 were not 
conducted, due to the limited amount of drug available and its 
relative nontoxicity. No toxic effect was seen with 8 X 10- l  mmoles/ 
kg. The choice of 30 min. as the time of peak activity for this agent 
was based on observable gross central nervous system depression 
and on previous work (17). 


The effect of diphenylhydantoin on seizure threshold is demon- 
strated in Fig. 3. Control solution did not alter seizure threshold 
significantly in this or any subsequent studies. At doses of 0.5 
and 1.0 x 10-1 mmoles/kg., diphenylhydantoin did not have a 
significant effect; a higher dose of 2.5 X 10-l mmoles/kg. produced 
a slight but significant elevation of threshold. These results agree 
with those reported for this compound on other types of experi- 
mentally induced minimal seizures, since low doses have no effect 
on thresholds for minimal electroshock, metrazol, and 1.f. ES 
seizures, while higher doses have been shown to increase 1.f. ES 
seizure threshold (4, 5 ,  18). Diphenylhydantoin also raises the 
convulsive threshold of the motor cortex in the monkey (19). 


Several workers who measured electrical afterdischarges evoked 
by stimulation of specific brain areas in monkeys, cats, and rabbits 
(19-21) generally observed an increase in threshold and shorter 
discharge duration in the motor cortex, hippocampus, thalamus, 
and septa1 area following diphenylhydantoin treatment. However, 
the compound has been reported to produce no effect on cortical or 
hippocampal afterdischarges in the rabbit (22), although trans- 
cortical spread of abnormal activity from chronic epileptogenic 
focus in the visual cortex (rabbit) can be suppressed by this agent 
(23). In view of the wide variation in the animal species employed, 
the dose, the route of drug administration, the electrical stimulus, 
and the brain regions stimulated, it is difficult to correlate these 
data with the present findings. However, diphenylhydantoin is 
known to have a nonspecific stabilizing action on excitable mem- 
branes (24). This is thought to  result from a more efficient extrusion 
of sodium ions from brain cells, probably by stimulation of the 
metabolic sodium pump (25-27). This activity may account for the 
slight elevation of seizure threshold induced by the high dose of 
diphenylhydantoin. 


Similar data obtained with trimethadione are presented in Fig. 4. 
All four doses raised threshold significantly, and an apparent dose- 
response relationship was seen. The efficacy of trimethadione 
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Figure 3-Effect of diphenylhydantoin on hippocampal seizure 
threshold (n = 6). Key: 0, propylene glycol; and A ,  diphenyl- 
hydantoin. 
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Figure &-Effect of trimethadione on hippocampal seizure threshold 
(n = 10). K e y :  0,propylene glycol; andA, trimethadione. 


in this procedure was further emphasized by the absence of seizures 
in several animals at the maximum stimulus employed. Again, these 
data reflect anticipated results, because trimethadione is known to 
elevate minimal seizure threshold as measured by other techniques 
(495). 


Schallek and Kuehn (20) found trimethadione to be superior to 
diphenylhydantoin in increasing seizure thresholds at cortical and 
other brain sites. Furthermore, thresholds to electrical afterdis- 
charges in the motor cortex and the thalamus are elevated, while 
the duration of these afterdischarges is reduced in several species 
subsequent to treatment with the drug (19-22). Morrell et al. (23) 
observed that trimethadione not only suppresses chronic epilepto- 
genic foci but also depresses the projection of seizure activity from 
cortical foci to the thalamus and to the contralateral side. This 
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Figure 5-Effect of propranolol on hippocampal seizure threshold 
(n = 9). Key: 0, saline; &A, propranolol. 
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Figure 6-Effect of pronethalol on hippocampal seizure threshold 
(n = 10). Key: 0, saline; andA, pronethalol. 


action may well be due to the ability of the drug to intensify the 
depression of synaptic transmission following each transmitted 
volley of impulses (28). Such an action would prevent the build-up 
and maintenance of an oscillating system between the thalamus 
and the cortex, postulated to be involved in the precipitation of 
minimal seizures (26, 29, 30). Thus, the ability of trimethadione to 
increase seizure threshold in this study may reflect this suppression 
of showers of impulses at central synapses. 


The effects seen with a highly potent P-adrenergic blocking agent, 
propranolol(31, 32), are illustrated in Fig. 5. At doses higher than 
0.25 X 10-l mmoles/kg., it elevated seizure threshold, and again 
there was an apparent dose-response relationship. An increase in 
seizure threshold of about 275x was seen with the highest dose 
employed. At this dose level, several rats did not exhibit seizures 
even when the maximum stimulus was administered. Since pro- 
pranolol is known to have central depressant activities, the effect 
of pronethalol, a less potent P-adrenergic blocking agent with 
some central stimulant properties, was studied in an attempt to 
separate effects due to  nonspecific central depression from p- 
blockade. The results are shown in Fig. 6. At low doses, pronethalol 
increased seizure threshold significantly. A 50 elevation was 
observed with 0.5 X 10-l mmoles/kg. This is about one-fifth the 
effect seen with the same dose of propranolol. However, higher 
doses (in the region of '12 TDbo) produced no significant alteration 
of seizure threshold. This could be a reflection of the fact that high 
doses of pronethalol are known to induce convulsions (33). 


Both propranolol and pronethalol have significant local anes- 
thetic properties (34). Thus, the threshold-elevating effects of these 
two compounds may be related more to this aspect of their activity 
than to their p-receptor blocking properties. To test this, two 
blocking agents, MJ1999 and INPEA, reported to be relatively 
selective as P-adrenergic blocking agents and to possess no local 
anesthetic action (17, 3 3 ,  were examined. The results obtained with 
MJ1999 are seen in Fig. 7. Even with 5 times the effective dose of 
propranolol, no significant change in seizure threshold was seen. 


Similar data obtained with INPEA are presented in Fig. 8. If 
8-adrenergic blockade was indeed responsible for the elevation 
of seizure threshold exhibited by propranolol and pronethalol, 
marked differences between the effects of these two isomers of 
INPEA would be expected, since only the D( -)-isomer has been 
reported to be active as a 0-adrenergic blocking agent (12). How- 
ever, both isomers were equally ineffective in changing seizure 
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Figure 7-E'ect of MJI999 on hippocumpul seizure threshold (n = 
8). Key: 0, saline; andA, MJI999. 
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Figure 8-Effect of INPEA on hippocampal seizure threshold (n = 9). 
Key: 0, saline; A, D( -)-INPEA; and A, L (+)-INPEA. 


threshold, even at doses 4 times greater than the effective dose of 
propranolol. 


Thus, although these data do not explain the mechanism whereby 
propranolol and pronethalol elevate hippocampal seizure thresh- 
old, they do provide evidence that the alteration in seizure suscepti- 
bility produced by these agents is not causally related to blockade 
of &receptors. 


CONCLUSION 


The threshold of seizures induced by electrical stimulation of the 
hippocampus in unrestrained rats has been shown to be stable and 
reproducible over time. Furthermore, it is modified by typical 
anticonvulsants in a manner similar to that observed with other 
types of experimentally induced minimal seizures. 


Both propranolol and pronethalol increased seizure threshold. 
These findings are consistent with those seen in earlier studies with 
1.f. ES and audiogenic seizures (1 1). However, other 0-adrenergic 
blocking drugs do not have a threshold-elevating effect. Murmann 
et al. (36) have reported essentially similar results employing dif- 
ferent seizure-inducing techniques. They found that propranolol 
and pronethalol reduced susceptibility of animals to maximal 
metrazol and maximal electroshock seizures, but reported 
L(+)- and D(-)-INPEA to be ineffective. MJ1999 has also been 
demonstrated by Chen et al. (10) and Lish er al. (17) to be incapable 
of altering both maximal and minimal electroshock seizures. 


The results of the latter portion of this study largely substantiate 
the hypothesis of Leszkovszky and Tardos (37) and Murmann et al. 
(36) that certain fi-adrenergic blocking compounds affect seizure 
expression by mechanisms other than 0-blockade. 


However, as stated previously, evidence supporting a catechol- 
amine influence on seizure expression exists in the literature. More- 
over, a-adrenergic blocking agents, phenoxybenzamine and 
phentolamine, have been reported to increase seizure susceptibility 
(10). In view of this, an investigation of the effects of a-adrenergic 
blocking agents on seizure threshold is currently in progress and 
should provide useful information. 
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N- (1,Ldihydroperfluorooct yl) pyridinium Trifluoromethanesulfonate, 
a New Quaternary Ammonium Antiseptic 


D. M. UPDEGRAFF*, D. C. KVAM, and J. E. ROBERTSON 


Abstract 0 The synthesis and biological evaluation of N-(1,l- 
dihydroperfluoroocty1)pyridinium trifluoromethanesulfonate (MBR 
3092-42), a highly fluorinated quaternary ammonium antiseptic, are 
described. The material is structurally related to cetylpyridinium 
chloride. It shows approximately equivalent bacteriostatic activity 
to cetylpyridinium chloride but somewhat less fungistatic activity. 
The bactericidal activity of MBR 3092-42 is slightly less than that 
of cetylpyridinium chloride in equal concentration in distilled 
water or in 10% blood serum, but is slightly greater in 80% human 
blood. MBR 3092-42 is also antibacterially equivalent to cetyl- 
pyridinium chloride on the resident bacterial flora of human skin. 
Although this new compound slowly decomposes in water at pH 7 
and above, it is stable in weakly acidic aqueous or hydroalcoholic 
solutions. Solutions of MBR 3092-42 yield much lower surface 
tension values than equivalent concentrations of cetylpyridinium 
chloride. 


Keyphrases 0 N-( 1,l-dihydroperfluoroocty1)pyridinium trifluoro- 
methanesulfonate (MBR 3092-42)-synthesis 0 Antimicrobial ac- 
tivity-MBR 3092-42 0 Dermal toxicity-MBR 3092-42 0 Acute 
toxicity-MBR 3092-42 Irritation, sensitivity testing-MBR 
3092-42 


The quaternary ammonium-type germicides, intro- 
duced by Domagk (I), are highly effective broad spec- 
trum germicides and fungicides. However, this class of 
compound suffers from the disadvantage of being in- 
activated by lecithin, long-chain fatty acids, and other 
anionic materials. In spite of this, they have been suc- 
cessfully used as antiseptics for general and surgical 
applications for many years. 


In general, quaternary ammonium germicides are 
nontoxic and nonirritating to skin and mucous mem- 
branes at the concentrations used for antiseptic effects 
(2). At higher concentrations, however, these com- 
pounds are toxic and irritating to  skin and mucous mem- 
branes. Most commercially available compounds of 
this class show similar toxicological and pharmacolog- 
ical properties (3-6). 


This report concerns itself with the synthesis and 
biological properties of MBR 3092-42, and compares 
these properties, in most cases, with those of cetyl- 
pyridinium chloride, one of the oldest and most active 
of the quaternary ammonium germicides currently in 
use. 


w 
MBR 3092-42 


\--I 


cetylpyridinium chloride 


EXPERIMENTAL 


Synthesis-&( 1.1 -dih ydroperfluorooctyI)pyridinium trifluoro- 
methanesulfonate. 1,l -Dihydroperfluorooctyl trifluoromethanesul- 
fonate (7) (1.30 kg., 2.44 moles) was added over 2 hr. to a solution 
of 2.59 kg. (3.06 moles) of pyridine in 2.1 1. of acetone. After the 
solution was warmed at 40" for 24 hr., the product was precipitated 
by cooling and addition of excess isopropyl ether. The collected solid 
was purified by reprecipitation from acetone-ether to afford 870 g. 
(58%) of product, m.p. 112.5-114.5". 


Antimicrobial Activity-Bacteriostatic and fungistatic activities 
were compared using the filter paper disk-agar plate diffusion assay 
method of Vincent and Vincent (8). Activity was determined both 
in the presence and absence of blood or serum. Experiments were 
carried out at three dosage levels: 40, 4, and 0.4 mcg. per paper 
disk on PGY agar : 


PGY Agar Concentration, g./L 


NaCl 
KCI 


CaCI, .7&0 
Na2HP04. 7H,O 


Phenol Red 


MgSOa.7H20 


KHzPOa 


Yeast extract 
Glucose 
Ionagar 


Deionized water 
to 11. 


8 .0  
0.4 
0.154 
0.016 


2.0 
8.5 


Bactericidal properties were assayed using a quantitative kill- 
rate method similar to that originally described by Chick (9). 
The test was carried out in three media: deionized water, 10% 
horse serum, or 80% human blood in deionized water. The test 
medium was inoculated with the test microorganisms at a rate of 
approximately 1oj cells per ml., and the test chemical was added. 
Solutions were prepared of the test chemicals at 1 in 20% alcohol 
(necessary to aid in solubilizing MBR 3092-42), and serial dilutions 
were prepared in deionized water out to extinction of activity. 
Dilutions of 1-10 or higher were found not to contain sufficient 
alcohol to have significant antibacterial activity. At intervals of 
1, 5, 30, and 120 min., portions were removed and diluted serially 
in a dilution medium containing lecithin and polysorbate SO1 
to neutralize the germicide. 


Concentration, g./l. 
KHvPOa 6.80 
KzHPO;. 3HzO 
Na2Sz03. 5Hz0 
Lecithin 
Polysorbate 80 


Deionized water to 1 1. 


i i . 4  
5.0 
2 . 5  
15.0 


Plate counts were then made using standard methods agar. 
The ability of the compounds to kill the resident bacteria on 


human skin was compared using a serial skin-stripping method as 
described by Updegraff (10). For these studies, MBR 3092-42 and 
cetylpyridinium chloride2 were dissolved in water at 1.0 %. Solution 
of MBR 3092-42 was accomplished by warming in a water bath 
to 40 to 50", and the solution was kept warm in this bath during 
the test to prevent precipitation of the compound. Dilutions were 
made in deionized water to 0.1 and 0.01 %. These were not warmed 


1 Tween-80, Atlas Chemical Industries, Wilmington, Del. 
2 The cetylpyridinium chloride used in this and other studies was 


purchased from Calbiochem. 
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in the case of MBR 3092-42 as there was no tendency for the com- 
pound to precipitate at the low concentrations. Test solutions 
were applied to areas of the skin on the plantar surface of the fore- 
arm of three experimental human subjects and allowed to remain 
for 30 min. Residual germicide was washed off with sterile deionized 
water and the skin was gently patted dry with sterile gauze. Cultural 
counts were then made for bacteria in sequential layers of skin. 


Effects of MBR 3092-42 in Anesthetized Dogs-Mongrel dogs 
were anesthetized with intravenous pentobarbital sodium, 30 mg./ 
kg., and both vagus nerves were sectioned in the midcervical region. 
Blood pressure was recorded directly from the femoral artery by 
means of a P23AA Statham pressure transducer. Respiration was 
recorded uia a bellows pneumograph fastened around the chest 
and connected to a P23BB Statham pressure transducer. A Lead I1 
electrocardiogram was recorded to monitor heart rate. All param- 
eters were recorded on a Type R Beckman Dynagraph. Drugs were 
administered intravenously in the indicated doses directly into the 
femoral vein. 


Acute Toxicity-Determinations of the acute LDSa were carried 
out in rats and mice by both the oral and intraperitoneal routes. 
Calculations of the LDSO values were accomplished by the method 
of Miller and Tainter (1 1). 


Mice-Simonsen Swiss Webster male mice weighing 18-30 g. 
were used in all studies. The compounds were administered either 
orally or intraperitoneally suspended in 4 % acacia. Ten mice were 
used at each dosage level and were group-housed by dosage level 
in solid bottom plastic cages with food and water available ad 
libitum. The mice were not fasted prior to compound administration. 
Animals were observed for pharmacodynamic signs and mortality 
for several hours postdosage and daily thereafter for 14 days. 


Rats-Simonsen Sprague Dawley female rats (150-200 g.) were 
used for all studies. The compounds were administered as a suspen- 
sion in 4% acacia to fasted animals by either the oral or intraperi- 
toneal route. Eight rats were used for each dosage level and were 
group-housed by dosage level in suspended screen bottom cages 
with food and water available ud libitum. The rats were observed 
for pharmacotlynamic signs and mortality for several hours after 
dosing and daily for 14 days thereafter. 


Other Species-Oral lethality studies were carried out in dogs 
and cats by administration of the compound in gelatin capsules to 
fasted animals of unspecified sex. 


Acute Dermal Toxicity-Albino rabbits weighing initially 1630 to 
2314 g. were used in this study. The animals were divided into 
seven groups of four rabbits (two males and two females) each. 
An area of the back corresponding to approximately 10% of the 
body surface was prepared by close clipping with an electric clipper. 
Additionally, one male and one female rabbit in each group were 
abraded over this area by producing shallow incisions with a scalpel 
blade. A 10% concentration of the test compound in 70% ethanol 
was applied to the backs of the rabbits by repeated applications of 
4-5 ml. until the animals had received the proper dosage, The 
area was then covered with surgical gauze which was held in place 
by wrapping the body with an elastic bandage. Application of com- 
pounds was carried out once only at dosage levels of 0.5, 1.0, and 
2.0 g./kg. The seventh group of four rabbits was treated with 70% 
ethanol only in a volume equivalent to that applied to the 2.0 g./kg. 
group for control purposes. 


All of the animals were immobilized for 24 hr. in stocks. After 
this restraint period the compound was washed off with tap water 
and animals were observed for dermal irritation. The animals were 
the nhoused individually for a 14-day observation period in sus- 
pended metal cages. Hematologic examinations and urinalysis were 
conducted once during the control period and at 24 hr. and 2 weeks 
after compound administration. Daily observations were made for 
mortality, food consumption, systemic toxicity, and dermal irrita- 
tion. Dermal irritation was scored as outlined by Draize (12). 


Irritation Tests-Rabbits were utilized for eye irritation assay 
as follows. Albino rabbits of unspecified sex were placed in a re- 
straining stock until quiet. The test materials in varying concen- 
trations (0.5, 1.0, and 2.0%) were then instilled into the right eye 
in 0.1-ml. amounts. Isotonic saline was instilled into the left eye 
which served as control. The lids were gently held together for 1 
sec. and then released. The eyes were not washed following instilla- 
tion of the test material. Two rabbits were utilized for each con- 
centration of material tested. The eyes were examined for degree 
of irritation and scored at intervals as described under Section 
191.12 of the Federal Hazardous Substances Labeling Act Regula- 


Table I-Surface Tension of Aqueous Solutions Determined 
Using a DuNoiiy Ring and Instron Tester 


Concentration, Surface Tension, 
Compound % WIV dyneslcm. 


~~ ~~ ~ ~ 


MBR 3092-42 0.05 34.0 
MBR 3092-42 0.10 26.0 
Cetylpyridinium 


chloride 0.05 42.0 
Cet ylpyridinium 


chloride 0.10 45.5 
Water - 76.0 


tions (13). The lowest concentration producing signs of irritation 
considered positive under these regulations (ulceration or opacity 
of cornea, inflammation of iris, or swelling or redness of the con- 
junctiva) was considered to be the threshold irritation concentration. 


Primary dermal irritation was determined utilizing guinea pigs. 
Twelve male albino guinea pigs weighing from 340 to 441 g. were 
used in this study. The dorsal hair was removed with an electric 
clipper over an area of approximately 5.08 cm. (2 in.) square. 
The animals were separated into two groups and the skin of one- 
half the guinea pigs in each group was further prepared by abrading 
the shaved area with a scalpel blade. 


The prepared skin was dampened with normal saline, and 0.1 g. 
of the test compound was then placed on the prepared area of six 
guinea pigs (three with intact and three with abraded skin). The 
area was covered with gauze and the body of each animal wrapped 
with elastic bandage. Twenty-four hours later the bandages were 
removed and the areas of application washed with tepid tap water 
and examined for dermal irritation. Seventy-two hours later the 
areas were again examined. Scoring of irritation was as outlined by 
Draize (12). 


Sensitization Testing-Testing for dermal sensitization was per- 
formed on male albino guinea pigs. Twenty guinea pigs weighing 
from 260 to 336 g. were used for this study. The animals were indi- 
vidually housed in suspended metal cages with food and water avail- 
able ad libitum. The laboratory food3 diet was supplemented with 
fresh cabbage three times weekly. 


The test compounds and the positive control (2,4-dinitro-I- 
chlorobenzene) were dissolved in sterile distilled water at 0.1 % 
concentration just prior to injection. The back of each guinea pig 
was prepared by close shaving with an electric clipper. This was 
repeated as necessary throughout the study. 


The positive control and test compounds were injected intra- 
dermally (using a 26-gauge needle) into the prepared area every other 
day, until a total of 10 such sensitizing doses had been given. 
The volume of the first dose was 0.05 ml. and that for the remaining 
doses was 0.10 ml. No injection site was used more than once. 


Two weeks after the final sensitizing dose had been administered, 
a challenge dosage of 0.05 ml. of the respective test and positive 
control compounds was administered intradermally. 


The injection sites were examined for diameter, height, and in- 
tensity of erythema and edema 24 and 48 hr. following each in- 
dividual injection. Results were scored as follows: 0.0, normal; 
0.5, trace (faint pink); 1.0, pink; 2.0, red; 3.0, yellow-pink; 4.0, 
yellow (necrosis). 


The 24- and 48-hr. readings were averaged and means calculated. 
Similar measurements were made 24 and 48 hr. after the challenge 
dosages and averaged. 


RESULTS 


Analysis of the synthetic product obtained by the procedure 
described was as follows: 


Alzal.-Calcd. for C14H7Fl~N03S: C, 27.53; H, 1.15; F, 55.92; N, 
2.30. Found: C, 27.58; H, 1.29; F, 55.87; N, 2.37. 


Physical and Chemical Properties-MBR 3092-42 is a white, 
odorless, crystalline compound, with a bitter taste and somewhat 
less aftertaste than most quaternaries. In comparative taste tests 
with cetylpyridinium chloride, it was somewhat less bitter and was 
judged to have less aftertaste. 


It is soluble in water to 0.1 % (w/v); ethanol, 24.0%; acetone, 
53.0%; hexane, 0.7%; and polyethylene glycol 400, 3.0%. MBR 
3092-42 is very effective at lowering the surface tension of water 


3 Purina Laboratory Chow. 
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Table 11-Antimicrobial Activity of MBR 3092-42 and Cetylpyridinium Chloride as Measured by Agar Plate Diffusion 


10 


~ ____ ~~ 


MBR 3092-42- * Cetylpyridinium Chloride 
7- -Diameter of Zone of Inhibition, mm.----- 7 


-Serum Free- -Horse Serum---- ----Serum Free- ---Horse Serum- 
40 4 0.4 40 4 0.4 40 4 0.4 40 4 0.4 


Test Organism mcg. mcg. mcg. mcg. mcg. mcg. mcg. mcg. mcg. mcg. mcg. mcg. 


With 10% With 10% 


I / 
I I 


Staphylococcus aureus 
(FDA 209) 29 16 xn 25 13 X 18 1 1  X 15 I1 7 


Streptococcus sp. 104b 18 1opc X 24 14 X 16 12 X 14 12 9 
Escherichia coli (Gratia) 25 X X 21 X X 16 10 X 10 X X 
Pseudomonas aeruginosa x X X X X X 8 X X X X X 
Bacillus subtilis 51 35 17 32 21P lop 26 16 8 17 12 8 


X X 1 5 ~  X 18 11 2 14 9P x 
X X 10 X X 19 11 X 12 Candida albicans 13P X X 


Aspergillus niger 1 3 ~  


a x = no activity. A species isolated from human dental caries. p = partial inhibition in the zone. 


Table 111-Bactericidal Activity of MBR 3092-42 and Cetylpyridinium Chloride as Determined in Deionized Water or 10% Horse Serum 


- - Kill After 2 hr., %- 
S.  aureus E. coli P .  aeruginosa 


- r Dilution of Test Compound - 


0 
0 3  


0 


0 8 8  0 8 0 0  8 8  0 8 0 " s  
0 8  


Germicide Medium - - . - - -  
2 0 ,  Z Z Z  . . ... - -  - - -  Z 0 _ 0 _ 0 _ 0 _  ..... 


I - - - -  


0 , 8 - 0 , 0 , 0 ,  .- . , .  Test 


MBR 3092-42, Water 100 100 100 83 82 100 100 100 58 0 100 100 99 93 0 


MBR 3092-42, 10% Horse 100 100 0 0 0 100 90 23 0 0 99 84 0 0 0 
1 % in 20% alcohol 


1 % in 20'3 alcohol 


chloride, 1 % in 
20 % a!cohol 


chloride, 1 % in serum 
20% alcohol 


serum 
Cetylpyridinium Water 100 100 100 100 92 100 100 100 100 51  100 100 100 97 0 


Cetylpyridinium 10% Horse 100 100 0 0 0 100 100 30 0 0 100 100 36 0 0 


(Table I) and it is unique in that the concomitant foaming property 
frequently seen with surfactants is lacking. 


Like cetylpyridinium chloride, MBR 3092-42 is decomposed by 
alkali, producing a brown or yellow solution or precipitate devoid 
of antibacterial activity, as shown by complete lack of any inhibi- 
tion zones at the highest test dose, 40 mcg., against any of the test 
organisms listed in Table 11. 


Antimicrobial Activity-The bacteriostatic and fungistatic activ- 
ities of MBR 3092-42 and cetylpyridinium chloride are compared 
in Table 11. From these data, we can conclude that both agents 
are powerful bacteriostatic agents and moderately potent fungistatic 
agents. 


The bactericidal activities of these agents toward Staphylococcus 
aureus, Escherichia coli, and Pseudomonas aeruginosa are presented 


t 
1,000 


- 
E 
9 
. 
pc 
W 


Y 


Chloride, 500 rng.11. 
0 


in Table 111 and Figs. 1 and 2. It is clear that both agents are power- 
fully bactericidal. Cetylpyridinium chloride appears to be slightly 
more active in water and 10% horse serum as indicated by Table 111, 
but when tested in 80% human blood, MBR 3092-42 showed supe- 
rior activity against both S .  uureus and E. coli, as shown in Figs. 1 
and 2. 


The ability of MBR 3092-42 to kill the resident flora of the human 
skin, as compared with cetylpyridinium chloride, is presented in 
Table IV. The first two experiments, carried out on subjects DMU 
and RMW, showed complete kills in several cases with 1 Z solutions 
of the test materials; therefore, lower concentrations were used 
in subsequent tests. Control counts were well within the range re- 
ported for normal human subjects (10). Both agents are highly 
effective and comparable in activity within experimental error 
reported for this procedure (10). 


Effects in Anesthetized Dogs-When administered intravenously 
to anesthetized dogs as single doses, neither MBR 3092-42 nor 
cetylpyridinium chloride produced marked effects on heart rate, 
blood pressure, and respiration until the toxic dose level was reached 
(Table V). High doses of either agent produced bradycardia and a 
fall in blood pressure. The fatal single doses of MBR 3092-42 and 
cetylpyridinium chloride were found to be 20 mg./kg. and 40 mg./ 
kg., respectively. Death in both cases was apparently due to  res- 


3092-42 , 500 mg.11. 
c 
0 a 


m l  


1,000 
0 20 40 60 80 100 120 


TIME, rnin. 


Figure 2-Kill-rate curves of Staphylococcus aureus by MBR 
3092-42 and cetylpyridinium chloride in 80 % human blood. 
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Table IV-The Germicidal Activity of MBR 3092-42 and Cetylpyridinium Chloride Against 
Human Skin Bacteria Determined by a Serial Skin-Stripping Method 


Test Bacterial Count per 16 c n 2  of Skin" Kill, 
Treatment Concn. Subject 1 2 3 4 5 6 Total .z 


- Control DMU 650 560 350 400 192 116 2268 
C.P. Clb 1 %  DMU 5 2 0 0 0 0 7 99.7 


99.7 3092-42 1% DMU 3 0 0 0 0 3 6 
Control RMW 135 56 45 27 20 8 29 1 - 
C.P. c1 1 %  RMW 7 1 0 0 0 1 9 97.0 


3 0 0 1 5 98.3 
Control RMW 100 150 
C.P. c1 0.1% RMW 10 5 7 7 2 10 41 89.0 
C.P. c1 0.01 z RMW 7 7 6 7 7 8 41 89.0 
3092-42 0.1% RMW 8 6 3 1 2 3 23 94.0 
3092-42 0.01% RMW 11 15 12 6 8 5 57 85.0 
Control VSP 150 46 107 1 1 1  95 105 624 


n 2 99.7 


- - 56 43 31 3 80 
3092-42 1 %  RMW 1 0 


- 


3092-42 o.oi % VSP 30 28 31 12 35 25 161 74.0 


Each value reoresents the bacterial count obtained from each 16 cm.2 layer of skin, the higher numbers representing serially deeper layers. Cetyl- 
pyridinium chloride. 


piratory failure. Continuous intravenous infusion of these agents 
at constant rates produced death at an average cumulative dose of 
88 mg./kg. with cetylpyridinium chloride and at an average cumu- 
lative dose of 97 mg./kg. with MBR 3092-42 (Table VI). Death in 
both cases was due to respiratory failure preceded by marked brady- 
cardia and hypotension. MBR 3092-42 was found to  cause greater 


Table V-Effect of Single Intravenous Injections of MBR 
3092-42 or Cetylpyridinium Chloride on Heart Rate, Blood 
Pressure, and Respiration in Anesthetized Dogs" 


-Maximum Change, %- 


Compound mg./kg.h Rate Pressure piration 
Dose, Heart Blood Res- 


Cetylpyri dini um 1 -5 0 0 
chloride 3 0 - 5  0 


10 0 +5 0 
20 +5 - 30 0 
40 Fatalc 


MBR 3092-42 1 0 - 5  +5 
3 0 - 10 0 


10 - 15 - 25 0 
20 Fatale 


a M B R  3092-42 was administered as a 1 solution in distilled water 
acidified with 0.1 N HCI sufficient to solubilize the compound. Cetyl- 
gyridininm chloride was administered as a 4z solution in distilled water. 


Respiration 
ceased shortly after drug administration with death following from res- 
piratory failure. Bradycardia and hypotension were noted immediately 
preceding respiratory arrest. 


One dog was used for each dosage level administered. 


depression of heart rate and blood pressure than cetylpyridinium 
chloride at doses below the toxic level. 


The mechanism for the toxic effect of cetylpyridinium chloride 
has been found to be a neuromuscular blockade with subsequent 
paralysis of the muscles of respiration (3). From these experiments 


it would appear that a similar mechanism is also responsible for 
the toxic effect of MBR 3092-42. 


Acute Toxicity-The acute LD,, values obtained are summarized 
in Table VII. MBR 3092-42 proved to be less toxic than cetylpyri- 
dinium chloride in rats and mice by most routes, with the exception 
of the intraperitoneal route in rats. Administration of either com- 
pound to dogs or cats produced emesis of such severity as to pre- 
clude determination of lethal potential in these species by the oral 
route. 


Results of the acute dermal toxicity studies in rabbits are reported 
in Table VIII. The degree of dermal irritation produced was much 
more prominent in those rabbits receiving cetylpyridinium chloride 
than in those receiving MBR 3092-42. Rabbits receiving cetyl- 
pyridinium chloride exhibited erythema, edema, atonia, desquama- 
tion, leathery texture, fissuring, necrosis, ulceration, and sloughing 
of the skin. These signs bore a dose relationship, particularly in 
relation to the necrosis, sloughing, and ulceration. Rabbits ad- 
ministered MBR 3092-42 exhibited erythema, edema, and atonia 
of the skin over a 2448-hr. period following application. How- 
ever, the skin appeared essentially normal thereafter. 


Control rabbits and rabbits administered MBR 3092-42 exhibited 
essentially normal values in hematology and urinalysis during this 
study. Rabbits receiving cetylpyridinium chloride exhibited an 
elevation in nonsegmented neutrophils at the 24-hr. period after 
treatment which was dose related in severity. 


No unusual alterations in body weight or food consumption were 
noted in animals receiving MBR 3092-42. Rabbits administered 
cetylpyridinium chloride exhibited partial anorexia for the first 
week after treatment. This appeared to be dose related and was 
accompanied by loss of body weight, particularly at the 2.0 g./kg. 
dose level. 


Irritation Testing-In ocular irritation studies in rabbits, the 
threshold irritation concentrations were found to be 0.5% for 
cetylpyridiniurn chloride and 1.0% for MBR 3092-42. 


Dermal irritation studies in guinea pigs over a 72-hr. period pro- 
duced no evidence of skin irritation under the conditions of the 


Table VI-Effect of Intravenous Infusion of MBR 3092-42 and Cetylpyridinium Chloride on Heart Rate, Blood Pressure, and 
Respiration in Anesthetized Dogs 


Infusion Fatal Maximum Change, 
Dog Rate, Dose, Heart Blood 
No. Compound mg./kg./min." mg./kg. Rate Pressure Respiration 


_ _ _ ~  


I Cety lpyridinium 1 .o 81 - 67 - 73 Progressive depression 


2 MBR 3092-42 1 .o 90 - 23 - 38 Progressive depression 


3 Cetylpyridinium 2.0 98 - 24 - 50 Progressive depression 


4 MBR 3092-42 2 .0  104 - 69 -91 Progressive depression 


chloride to failure 


to failure 


chloride to failure 


to failure 


Drugs were infused as solutions in distilled water at a concentration of 3 mg.[ml. 
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Table VII-Acute Toxicity of MBR 3092-42 and 
Cetylpyridinium Chloride 


-LD5,,, mg./kg. and SET 
Cetylpyridinium 


Test Species Route MBR 3092-42 Chloride 


Mouse, male Oral 925 =t 45.2 175 f 14.6 
Mouse, male i.p.” 30.0 f 1.4  7.0 f 0 . 6  
Rat, female Oral 1159 f 141.3 538 f 49 
Rat, female i.p.* 1 8 . 0 k  1 .0  26.5 f 1.3 
Cat Oral Emeticb Emeticb 
Dog Oral Emeticb Emeticb 


a Intraperitoneal. Oral doses of 250 and 500 mg./kg. (two animals/ 
dose level) to dogs or cats produced emesis and no observable toxic 
signs, The emesis prevented establishment of a minimal lethal dose. 


Table VIII-Acute Dermal Toxicity of MBR 3092-42 and 
Cetylpyridinium Chloride in Albino Rabbits 


Dermal Mortality Irritation 
Dose, No. Dead/ No. Positivea/ 


Compound g./kg. No. Tested No. Tested 


1 /4b 014 


2 . 0  2/4c 414 


1 .o 014 414 
2.0 014 414 


70% Ethanol - 


Cetylpyridinium 0.5 014 414 
chloride 1 . o  014 414 


MBR 3092-42 0.5 014 214 


a Positive animals were those showing any signs of irritation. * One 
One rabbit died from a broken neck while restrained in the stock. 


rabbit (abraded) died on Day 4 and one (intact) on Day 5 .  


experiment with either MBR 3092-42 or cetylpyridinium chloride. 
Due to the negative scores obtained, no table of results is presented. 


Sensitization Testing-The results of a dermal sensitization study 
conducted in guinea pigs are presented in Table IX. These indicate 
that the test compounds, cetylpyridinium chloride and MBR 
3092-42, produced irritation since wheal and flare formation was 
evident throughout all 10 sensitizing injections. The values ob- 
tained from the challenge dosage were similar to the average 
values obtained with the sensitizing injections. Dinitrochlorobenzene 
as the positive control also produced evidence of irritation. How- 
ever, the values obtained from the challenge dosage exceeded those 
obtained from the sensitizing injections. Thus, it is concluded that 
MBR 3092-42 and cetylpyridinium chloride produced irritation 
but not sensitization and that dinitrochlorobenzene produced 
sensitization as well as irritation. 


DISCUSSION 


The antibacterial activity of quaternary compounds is believed to 
be correlated with their surfactant properties (2). Fluorine substitu- 
tion markedly increases the surface activity of many surfactants, 
as measured by surface tension reduction (14). This property could 


account for the high bactericidal activity of MBR 3092-42 as con- 
trasted with its nonfluorinated homolog n-octylpyridinium chloride, 
which has very slight activity (15). 


On the other hand, the introduction of fluorine decreases water 
solubility and increases formula weight to a value of 611 for MBR 
3092-42 versus 358 for cetylpyridinium chloride. Thus, on a molar 
basis, MBR 3092-42 is proportionately more active than cetyl- 
pyridinium chloride. 


The relative lack of toxicity and irritation to  the skin and mucous 
membranes with MBR 3092-42 and its effectiveness in the presence 
of blood would appear to be advantageous for its use as an anti- 
septic for the skin and surgical wounds. Further, its high surface 
activity and lack of foaming properties as well as its somewhat 
less unpleasant taste should prove advantageous for other uses, 
e.g., as an oral antiseptic. For this purpose, dilute hydroalcoholic 
solutions could conceivably be preferable to weakly acidic solutions, 
since acidic solutions might aggrevate the formation of dental 
caries. 
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Table IX-Studies on Dermal Sensitization in the Guinea Pig with Cetylpyridinium Chloride, 
MBR 3092-42 and 2,4-Dinitro-l-chlorobenzene 


Reaction Scores, Mean f SE---------- 7 


No. , Sensitizing Doses 7 7  Challenge Dose--- 
Guinea Diameter, Height Diameter, Height, 


Test Compound Pigs mm. mm. Colora mm. mm. Color“ 


2,CDinitro- 
1 -chlorobenzene 4 9.2 f 0.3  1 .2  f 0.1  2.1 i 0.1  14.2 =t 0.1  1 . 4  f 0.2 2.3 f 0 . 2  


Cetylpyridinium 7 b  8.9 f 0 . 2  0 .8  f 0.04 2.7 f 0.05 9 . 7  It 0.03 0 . 4  =t 0.1 3.0 f 0.1 
chloride 


MBR 3092-42 8 8.6 f 0.1  1 .1  f 0.05 2.4 f 0 . 1  9.7 f 0 . 4  0 .9  f 0.1  2.3 f 0 . 1  


0 = normal, 0.5 = trace, 1 = pink, 2 = red, 3 = yellow-pink, 4 = yellow. * One animal died during the final week of the study. 


192 0 Journal of Pharmaceutical Sciences 








and XXV were tested. Only XI exhibited any activity. When com- 
pared to aspirin this activity was insignificant. 


Local anesthetic activity was assayed as the ability of the test 
agent to inhibit the blink reflex in the rabbit when the cornea was 
lightly stimulated. Butacaine sulfate (Butyn sulfate) was used as a 
control local anesthetic. Compounds XI, XV, XVI, XX, and XXI 
were tested and found to have no local anesthetic activity. 
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Evaluation of an Improved Heidelberg 
Telemetry Capsule for the Study of Antacids 


Keyphrases 0 Heidelberg FM-transmitting capsule-evaluation 0 
Gastric function assessment-Heidelberg telemetry capsule, evalua- 
tion 


Sir: 


Development of a telemetry system employing the 
Heidelberg FM-transmitting capsule has provided a 
convenient methodological approach to the clinical 
assessment of normal gastric function, as well as 
disease- and drug-induced alterations in gastric activity. 
The Heidelberg capsule, while elegant in concept, has 
been found lacking in dependability, a defect related 
possibly to  transmitter construction. One factor in- 
volved in the lack of reliability may have been the 
relatively large hydrogen-ion sensor that permitted 
accumulation of particulate matter (e.g., antacids) and 
mucous debris, thus interfering with normal operation. 
Furthermore, a relatively high percentage of the cap- 
sules did not exhibit a linear response throughout the 
functional range of pH 1 to 7 during in uitro standardiza- 
tion (1). 


A modified Heidelberg probe, having a smaller 
hydrogen-ion sensitive area, has recently been made 
available. These redesigned telemetry capsules have 
demonstrated a high degree of in uitro reliability with 
regard to  linearity of response in the workable pH 


1 Medintron Corp. of America, New York, N. Y 


range of 1 to 7. The purpose of this study was to evalu- 
ate the in uiuo performance of this modified device. 


A FM-signal receiving unit,’ in belt form, was posi- 
tioned externally over the stomach area of healthy 
adult human subjects and connected to a recorder for 
continuous monitoring of transmitted pH values. 
Throughout the experimental period the subjects sat 
erect in an arm chair. Each telemetry capsule was 
activated by saturation of the hydrogen-ion sensitive 
end-plate with 0.9 % sodium chloride solution, and 
calibrated in Beckman buffer solutions of pH 2 and 7 
at 37”. The capsule was swallowed by the fasted subject, 
and gastric pH was monitored during the subsequent 
50-min. period. After recording baseline pH values 
(3 to 10 min.), a specified dose of one of four commercial 
antacid preparations (designated A, B, C, and D) was ad- 
ministered with 30 ml. of water at room temperature: 
antacid A, 22 ml., suspension; B, 22 ml., suspension; 
C, 5 ml., suspension; D, two tablets. Each antacid 
preparation contained aluminum and magnesium hy- 
droxides; formulation C also contained magnesium 
carbonate and methyl polysiloxane. 


The apparent onset and duration of gastric acid 
buffering activity following administration of the three 
liquid and one solid antacid formulations are reported 
in Table I. 


Although all of the “improved” Heidelberg capsules 
were apparently operative, as determined by in uifro 
calibration in buffer solutions and recording of pH 
signal immediately after swallowing the device, in ap- 
proximately 14% of the trials ( 5  of 35 experiments) 
the anticipated elevation of gastric pH after administra- 
tion of antacid was not perceived. In 8 6 z  of the trials 
the onset of buffering activity (i.e., elevation of gastric 
pH above 3.0) following administration of antacid was 
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Table I-Onset and Duration (Time in Minutes) of Buffering Action following Administration of Gastric Antacid Preparations in 
Human Subjects as Recorded by Heidelberg Capsule Telemetry 


-Antacid A-Suspension---- -Antacid B-Suspension- --Antacid C-Suspension-- /-Antacid D-Tablet--- 


Subject Onset” Duration ject Onset tion ject Onset tion ject Onset tion 
Sub- Dura- Sub- Dura- Sub- Dura- 


1 
2 
3b 


1 
1 
0 


2d I 3 
13d 3 5 
0 5 9  


40 1 31 
24 5 1 
8 d  l o b  0 


>16 1 2 
12 12b 0 
0 13 1 


> 46 
0 
6d 


5 6 l i d  6 1 11 11 37 >I0 15 3 Id 
6 7 > 40 7 2  2d 12 2 >40 18 7 2d 
7“ 43 > 4  10 3 2d 14 7 28 
9 1 1 0 d  11 7 8d 15* 0 0 


10 5 4d 12 1 22d 16 1 34 
11b 0 0 17 27 > 20 
12 2 > 46 18 25 >22 
13 4 4d 19 29 4 
Average 3.4(n = 8) 3.9(n = 8) 17.8(n = 9) 3.3(n =4) 


a Gastric pH >3.0. b No response, subject not included in calculation of average value. c Atypical response, subject not included in calculation of 


onset 


average value. d Gastric pH nonrecordable after indicated time. 


readily detectable. The apparent in vivo “failure rate” 
(14 %) encountered in this study was, however, less than 
the approximately 5 0 2  “failure rate” found by other 
investigators (2) who examined capsules of an earlier 
design under essentially similar conditions (ix., un- 
restrained device in subjects sitting erect). 


Considering the amount and composition of the 
antacid formulations used in this study, an initial rise 
in gastric pH following ingestion of any of the four 
preparations may be considered a predictable phenom- 
enon. This applies also to  those individuals who may 
have been subject to  gastric hyperacidity at the time of 
antacid administration. That a pH rise was not detect- 
able in some cases is consistent with the assumption of 
in vivo capsule failure. Transmitter failure in certain 
cases may have been attributable to  location in the 
stomach, i.e., the device may have lodged in an area of 
the mucosa whereby contact of the sensor with the 
gastric contents was prevented or impaired. 


Evaluation of the data obtained in those cases where 
transmission of gastric pH values was confirmed sug- 
gests that the duration of the buffering action of ant- 
acids cannot be measured reliably by this technique. 
Approximately 40% of the capsules used in this in- 
vestigation ceased normal transmission shortly after 
signaling onset of antacid-induced elevation of gastric 
pH. In view of the observed rapid increase in the gastric 
pH of fasted subjects to  values which exceeded the 
capsule range (pH above 7), it is presumed that those 
capsules were emptied from the stomach together with 
the gastric contents. Emptying of the stomach is 
often accelerated by significant elevations in gastric pH 
(3). The capsule may be retained in the stomach for an 
arbitrary period by securing one end of a measured 
length of string to  the capsule and the other end to 
the teeth after swallowing the transmitter. Since at- 
tachment of a restraining device would create an arti- 
ficial situation in which the location of the capsule 
would be unrelated to retention of antacid in the stom- 
ach, it was not employed in this investigation. 


The results of this investigation suggest that the in 
vivo performance of the modified Heidelberg tele- 
metric capsule is not completely dependable. It may 


be considered a convenient and useful device for moni- 
toring changes in gastric pH in the period immediately 
following administration of antacids whose buffering 
activity is qualitatively predictable. Duration of ant- 
acid-induced buffering effect could not, under the 
conditions of this study, be accurately ascertained, due 
possibly to acceleration of gastric emptying and con- 
sequent ejection of transmitter from the stomach. 


(1) E. W. Packman, unpublished data. 
(2) R. Brogle, personal communication, May 1969. 
(3) J. M. Marcussen, Acru Med. Scand., 172, 451(1962). 
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Formulation of a Morphine Implantation 
Pellet Suitable for Tolerance-Ph ysical 
Dependence Studies in Mice 


Keyphrases 0 Pvlorphine implantation pellet, formulation-toler- 
ance, physical dependence studies 0 Dependence studies-mor- 
phine pellet formulation 0 Cellulose, microcrystalline-implanta- 
tion pellets 


Sir: 


There is considerable current interest in the study of 
morphine addiction, tolerance, and physical depen- 
dence. When using laboratory animals (e.g., mice) for 
such studies, an essential part of the procedure is 


426 Journal of Pharmaceutical Sciences 








Sedimentation Kinetics of Flocculated Suspensions I: 
Initial Sedimentation Region 


J. THURg CARSTENSEN* and KENNETH S. E. SU 


Abstract 0 Depending on the concentration of a suspension, it will 
exhibit one of three sedimentation patterns pertaining to  low, inter- 
mediate, and high concentrations of solids, respectively. Of these, 
only the dilute region has been thoroughly investigated in the past 
from a theoretical and experimental standpoint. Pharmaceutical 
suspensions are mostly of the intermediate type. It is shown here 
that if the models by Kynch, Michaels, and Bolger pertain, and if 
the sedimented cake experiences an exponential compaction from 
the onset, experimental data are consistent with theory and lead to 
the relation: x = xo exp [-kt1 + C.[1 - exp (-kt)l.exp [ - w f ] ,  
where k is a sedimentation rate constant pertaining to a constant 
density plug, and o is a sedimentation rate constant pertaining to 
the cake. It has also been found that, empirically, the sedimentation 
heights in the initial stage may be presented by the relation: [xo2 - 
x2] = pt, where x denotes height, and t time. 


Keyphrases 0 Sedimentation kinetics-flocculated suspensions 0 
Kinetic equations-suspension sedimentation 0 Suspensions, 
ffocculated-sedimentation cakes c] Viscosity effect-suspension 
cake concentrations 


Stokes’s law has been known for over a century (1) 
but, nevertheless, as pointed out by Kynch (2), a satis- 
factory theory of sedimentation of multiparticle, coarse 
suspensions has never been put forth. Although it 
might appear that sedimentation should follow Stokes’s 
law, Higuchi (3) and Hiestand (4) have shown that 
both in peptized and flocculated systems such a simple 
point of view is in agreement with neither theory nor 
fact. In most of the investigations reported in the past, 
attempts have been made to modify Stokes’s law in some 
way (5-9) to account for sedimentation behaviors. The 
more dilute a suspension is, the more closely should the 
fall of each particle or floc adhere to Stokes’s law. 
Pharmaceutical suspensions are, however, rarely very 
dilute, and their behavior would not be expected to fall 
in this category. 


Michaels and Bolger (10) have reported a linear pat- 
tern for sedimentation rates for dilute suspensions 
(< 1 %). These authors, as well as Haines and Martin (7), 
point to the fact that very concentrated suspensions 
follow yet another pattern, a fact that will not be a point 
of discussion here but will be reserved for a subsequent 
study (1 1). Suspensions of “intermediate” concentra- 
tion, however, have a downward curvature, i.e., the 
sedimentation boundary moves downward with greater 
and greater velocity until a certain critical height, Ha, is 
reached, at which time ( to)  the rate decreases abruptly. 


Examples of this pattern may be found described 
occasionally in pharmaceutical literature, the work by 
Benedict et al. (12) being an example. Pharmaceutical 
suspensions are mostly of the intermediate type. They, 
also, are of the floc-aggregate type described by Michaels 
and Bolger (lo), and the considerations in the following 
apply to this type system. 


Robinson (8) considered the sediment to  be of uni- 
formly increasing concentration during the descent of 


the boundary; Ward and Kammermeyer (9) showed 
that the ensuing equations apply only to  special systems. 
Michaels and Bolger (10) and Gaudin and Fuerstenau 
(13, 14) have, furthermore, demonstrated that the den- 
sity of the sediment remains constant a t  and for some 
(time-dependent) distance below the boundary, with a 
cake of higher density building up at the bottom, and 
that, therefore, the system is uniform at  time zero only. 
The terms cake and sediment will be used for these two 
phases in the following. These views correlate with the 
simplest of the models proposed by Kynch (2). 


From a pharmaceutical point of view, it is important 
to determine the pattern (and predict ultimate heights) 
of suspension sedimentation. It is one of the objectives 
of this communication to establish graphical means 
of describing the descent of the sedimentation 
boundary in the initial stage, i.e., prior to  the critical 
height, Ho. Another objective is to attempt to correlate 
the initial sedimentation pattern with existing views on 
the sedimentation process and arrive at a general equa- 
tion for the initial sedimentation of flocculated suspen- 
sions in the intermediate concentration range. 


EXPERIMENTAL 


The system used here is the same as that employed by Michaels 
and Bolger (10) except that concentrations are higher. At higher 
concentrations, air entrapment might be a source of variation, and an 
apparatus such as shown in Fig. 1 was used. Previous investigators 
of dilute suspensions (8) have pointed out that initial turbulence was 
a source of variation, without spelling out the extent of this varia- 
tion. The method of providing a uniform starting suspension used 
here was the same as that employed by Michaels and Bolger (10) 
(turning the tube end-over-end 10 times). This, of course, causes in- 
itial turbulence; the extent to which this affected results was gauged 
by performing each experiment at least three times. 


The size of aggregates is a dynamic property and forming the 
aggregate under high shear (Waring blender) will not necessarily 
give a representative floc-aggregate (10) in the sense that the size will 
subsequently remain constant during settling. Some experiments 
were, therefore, conducted by allowing a mildly agitated suspension 
to equilibrate. The sedimentation experiment was repeated until the 
curves were reproducible. This appeared to require about 24 hr. 
Reproducible curves all show the convexity noted in the top curve 
of Fig. 2. Where suspensions were made in a blender, they 
were also checked on succesive days until the sedimentation rates 
had changed to a constant value. 


The general procedure used, then, was as follows: 25 g. of colloidal 
kaolin NF1 was rinsed with 500 ml. of water which had previously 
been distilled over potassium permanganate. The volume was then 
adjusted to 500 ml. and the suspension transferred to a tube of the 
type shown in Fig. 1. The suspension was thoroughly deaerated by 
applying aspirator vacuum to one of the outlets of the two-way 
stopcock. The tube was occasionally turned end-over-end, and 
finally after no more visible escape of air, the tube was turned end- 
over-end 10 times, then opened to the atmosphere and placed 
vertically; the movement of the interface was followed by use of a 
high precision cathetometer2 and an electric timer. After 24 hr., the 


Merck and Co.,,Log No. 781603-62325, Rahway, N. J. 
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Figure 1-Apparatus set-up for sedimentation studies. 


tube was again evacuated, turned end-over-end 10 times, opened to 
the atmosphere, and the procedure carried out again. This was then 
repeated until three successive, reproducible curves were obtained. 


Part of the supernatant was then replaced by an equal volume of 
glycerin and the procedure repeated. Data were obtained at four 
glycerin concentrations; at each point where supernatant was re- 
placed by glycerin, the viscosity of the supernatant was checked by 
means of an Ostwald-Fenske viscometer. All experiments were 
carried out in a constant-temperature room (25 f 0.3"). In one set 
of experiments, lower (constant) temperatures were obtained by 
circulating constant temperature water through the jacket of the 
tube. It should be noted that the apparatus cannot be insulated and 
that good temperature control throughout the length of the tube is 
only possible at temperatures less than 5"  above or below the tem- 
perature of the surrounding area. 
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Figure 2-Sedimentation curves in water as a function of time of 
a suspension made at low shear. Triangles and small circles by the upper 
curve are points from different runs. 
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Figure SSedimentation curues in 10% u/v glycerin in water at various 
temperatures. The temperature was uaried from experiment to experi- 
ment as a means of varying the uiscosity. 


A note on some visual manifestations may be in order here. The 
interface is well defined and horizontal during the free-fall period. 
When the point of transition into the second, slower phase of the 
sedimentation is approached, a fairly heavy concentration of fine 
particles appears above the interface for a short while. At the 
critical time to, which is reproducible to within 5 % ,  the surface sud- 
denly becomes ragged, and at that particular time the second phase 
starts. The patterns associated with thesecond phase are the subject 
of a separately reported study (1  1). A set of runs was performed at 
7,9, and 11 by weight of kaolin in water as well. 


RESULTS AND DISCUSSION 


All of the tested systems showed convex curvature in the initial 
phase, such as shown in Figs. 2 and 3. This evidently differs from 
the linearity exhibited by more dilute systems. 


If the sedimentation patterns found here for flocculated suspen- 
sions in the intermediate concentration range are analogous to 
those suggested for dilute systems by Kynch (2), Michaels and 
Bolger (lo), and Gaudin and Fuerstenau (13-15), then, at time t, 
there will be a-centimeters of suspension containing the initial volume 
fraction $0 of solids, and b-centimeters of suspension containing the 
volume fraction in the cake (6). The height of the sediment will be 
x = a + b. As time progresses, a will diminish at the expense of b. 
The U-values deduced from the data by Michaels and Bolger (Fig. 
6, Reference 10) are reproduced in Fig. 4, and it is seen that an equa- 
tion of the form a = xo exp [-kt] is a good fit. The decrease in a 
may, therefore, be considered to be of the form: 


a = xo exp [-kt] (Eq. 1) 


1.4 I I I I 


10 20 30 40 50 
MINUTES 


Figure &The graph shows the result of logarithmic treatment of 
data reported by Michaels and BoIger (10). If the logarithm of the 
length of the constant-density phg is plotted as a function of time, 
then a straight line results, as shown in the plotting used here. The 
data refer to a 1.9 calcium oxide suspension. 
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To describe the time dependence of x, it is necessary to know how 
b changes with time. It has been shown (I  1,16) that the cake (in the 
final phase) experiences an exponential decay, so dbldt = -w .b .  
In the initial phase, it also experiences a build-up from the temporal 
contribution of the sediment. If the cross-sectional area is de- 
noted Q ,  then the amount of solids in the cake at time t is b . Q . 4 ;  
the amount of solids in the suspension above the cake is Q . a . i O  
(since it contains the initial volume fraction of solids). The original 
amount of solids was xo' Q.+o ,  so material balance dictates that 
Q . a . 4 0  + b . Q . 4  = x o . + o . Q ,  or a.+o + b . 4  = xo.@o. This may 
be rewritten: 


20 40 60 80 
MINUTES 


Figure 6-Sedimentation data from 5 kaolin suspensions in aqueous 
giycerin vehicles, plotted according to Eq. 7. Curve notations are 
shown in Table I ,  indicating the employed k-ualues and the viscosity 
corresponding to each line. 


Table I-k- and U-values a t  Various Viscosities 


Compaction 
Curve in Viscosity, Rate Constant Constant - .  


Fig. 6 cps. k, min.-l, w, min.-l, 
f 10-3 + 10-4 


A 
B 
C 


0.87 0.035 0.0055 
0.96 0.032 0.0049 
1.12 0.028 0.0046 


D 1.19 0.024 0,0046 
E 1.35 0.023 0.0039 
F 1.40 0.022 0.0032 


2.40 0.013 0.0023 


The total change of b with time, then, is: 


Inserting Eqs. 1 and 2 into Eq. 3 yields: 


which has the solution: 


b = C . ( l  - exp[-kt]} . exp[-wt] (Eq. 5 )  


The expression for x = a + 6 ,  then is: 


x = x 0 e x p [ - k t ] f C ~ ( 1  -exp[-kt]) .exp[--wt] (Eq.6) 


For the purpose of plotting, this is rearranged: 


t + log C (Eq. 7) - - - . x - xoexpt-ktl 
1 - exp[-kkt] ) - 2w3 


The data may now be plotted using estimates of k,3 and by apply- 
ing successive values of k ,  a best k-value (i.e., the k-value that im- 
parts linearity4 to the data when treated according to Eq. 7) can be 
arrived at. An example of this is shown in Fig. 5. If done manually, 
two or three k-values are arrived at (e.g., 0.034, 0.035, and 0.036 
min.-l) which produce lines without apparent curvature. The 
value giving the best statistical fit (17, 18) is then chosen. With the 
aid of a computer, the iteration procedure can be accom- 
plished rapidly. Figure 6 and Table I show data at various 
viscosities plotted according to Eq. 7. With the proper k-value, 
linearity prevails to within I5  cm. of the critical height. 


The dependency of k on the viscosity is of interest, and Fig. 7 
shows that the logarithm of the rate constant is linearly related to 
the logarithm of the viscosity. The slope is reasonably close to minus 
unity, so that k is inversely proportional to viscosity. This type be- 
havior might suggest that Stokes's law, with some modification, 
applies, since the stokes velocity is also inversely proportional to 
viscosity. In a suspension, the forces involved are both of van der 
Waals and electrical nature (15, 19-23). In causing flocculation 
they might be playing a part directly in the sedimentation process, i.e., 
the rate constant might be associated with a flocculation rate. 
By such a visualization, the initial perturbance causes an equilib- 
rium floc, A j  (containing on the average j single particles) to be 
broken up into smaller flocs, Ai. This, of course, is a highly simpli- 
fied picture, because A ,  -+ A; could not be a single-step process. 
Furthermore, both i and j would present averages of a population 
of numbers. 


It would also have to be assumed that A j ,  once formed, would 
appear immediately in the cake; in spite of these shortcomings, the 
viewpoint explains the inverse relationship between rate constant 
and viscosity, and can not be eliminated as a possibility. W. Higuchi 
et al. (24, 25) have shown that k,, approaches some factor times 
kll, the rate constant for combination of single particles, and have 
also shown that kll = 8koT/3q. It is not possible to test this hypothe- 
sis on more concentrated systems with the data presented here; 


First estimates of k (and o) can be obtained from Eq. 6 by feathering 
The value giving the best statistical fit (17, 18), i.e., the one producing 


technique if k and w are not of the same order of magnitude. 
the least residual s u m  of squares. 
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Figure 7-A plot of the logarithm of the rate constant k versus the 
logarithm of the viscosity. The drawn line has a slope of minus unity: 
k is in units mk-1 and viscosity is in cps. 


to such an end it would be necessary to perform experiments where 
the initial perturbance (deflocculation) could be varied in a quantita- 
tive way. Experimental procedures in previous publications as 
well as this work have simply been designed to achieve a repro- 
ducible perturbance, so that data are comparable; it may be, for the 
reasons quoted, that data may not be comparable from author to 
author. 


The values of w are obtained from the slopes in Fig. 6 and are 
listed in Table I. The values are plotted as a function of viscosity 
in Fig. 8. The general range of the U-values is in good agreement 
with data on cake contraction reported by Carstensen and Su (1 1) 
who found wl-values in the range of 0.2-0.4 hr.-l (i.e., 0.003-0.007 
min.-I). It would appear from Fig. 8 that u is inversely proportional 
to the viscosity. 


At higher concentrations the critical height, Ho, increases and the 
curves show less distinct breaks. Evaluation of data by a. 7 be- 
comes less exacting, and k values are at best 3~20%. The k-values 
seem to taper off at a value of 0.01 hr.-1 as shown in Fig. 9, but 
U-values decrease with increasing concentration. 


As a last comment on the treatment of the preceding, attention 
should be called to the fact that an obvious approximation is made 
in assuming the cake to be of uniform concentration along the 
entire length b. However, attempts to present 6 as a function of 
x lead to forms of Eq. 3 that cannot be solved analytically. That 
the approximation is not unrealistic is apparent both from the X-ray 
data by Gaudin and Fuerstenau (13, 14) and by the linearity which 
can be achieved by inserting proper k-values in Eq. 7. On the other 
hand, deviation from linearity close to the critical height undoubt- 
edly reflects the effect of the approximation. 


It is often convenient, in the laboratory, to have a rapid method 
available for plotting; the treatment just outlined, clearly, is not 
rapid. For routine plotting, the initial convex portion of the curve 
may be approximated by a parabola, i.e., xo2 - x 2  = Pt, where xo 
is the initial height. Data are plotted in this fashion in Figs. 10 and 
11, and, with exception of the initial turbulent period (8), the data 
fit such a relationship well. It should be noted that this means of pre- 
sentation is purely empirical, and that the comments to follow may 
not have general applicability but may merely apply to the kaolin- 
glycerin-water system. The value of this type of practical approach 


t 0.004 ._ 
E 


0.4 0.6 0.8 1.0 
RECIPROCAL VISCOSITY, cpS-1 


Figure 8-A plot of the compaction-rate constant, U, versus rec@rocal 
L-iscosity . 
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Figure 9-Sedimentation data from 7 ,  9 ,  and 11 kaolin suspensions 
in water, plotted according to Eq. 7, all using a k-estimate of 0.01 
min.-'. 


is that it allows rapid extrapolation and implies at what time the 
critical height is being approached. 


Analogies have been made in the past (26) between the fall of the 
boundary to the flow of liquid through a porous plug in an infinitely 
long medium. By applying the Poiseiuille equations such a view 
would require that V/t  = irPr4/8Lq, where V/t is volume flow per 
unit time, P is pressure head, r is a capillary radius parameter, and L 
is the length of the plug. Since each milliliter flowing through the 
plug is associated with a height decrease of l/?rR2, the velocity of 
the interface would be: V/( t sR2)  = (Pr4)/(8L7R2) = @ / ( 2 . L )  = 
(dx)/(dt), where R is the radius of the tube and the sedimentation con- 
stant fl = Pr4/47R2. If L approximately equals x, a formal integration 
would yield x 2  - xo2 = -Pt, assuming the pressure head to be con- 
stant. This is not theoretically justifiable. Although, as required by the 
treatment, the sedimentation constant appears to be inversely pro- 
portional to the viscosity, it should also be inversely proportional 
to RZ; data reported elsewhere (11) show this not to be the case. 
The squared-heights fitting is, therefore, only empirical. 


7 8l 


20 40 60 80 100 120 140 
MINUTES 


Figure 10-Squared-heights curues for 5 % kaolin suspensions in 10% 
uIu glycerin in water at three temperatures. 


6 Use of the Kozeny-Carmen equation (27, 28) does not change the 
consequences of the arguments outlined. 
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Figure 11-Squared-heights curves for 5 
water and 5 


kaolin suspensions in 
v/v glycerin in water. 


SUMMARY 


By assuming the sedimentation process to consist of the descent 
of a constant density plug and simultaneous build-up of a higher 
density cake, it has been shown that sedimentation data are con- 
sistent with theory, if it is assumed that the exponential contraction 
of the cake is initiated at zero time. The point in time, fa ,  the critical 
time, where the boundary of the sediment and the cake coincide, 
denotes the end of the initial stage of sedimentation. 


Empirically, sedimentation data in the initial stage are amenable 
to plotting by graphing the square of the height as a function of time. 
The slope of these lines appears to be proportional to  the ratio of 
density difference to viscosity. 


NOMENCLATURE 


a = length of sediment (cm.) (constant-density plug). 
b = height of cake (cm.). 
C = preexponential factor for cake contraction (cm.). 
Ha = critical height (cm.) at which point the first phase 


k = rate constant for sediment (min.-1). 
L = length of constant-density plug falling through infinitely 


P = pressure head (dynes/cm.Z). 
R = radius of tube (cm.). 
to = time at which Ha occurs; critical time (min.). 
V = volume (cm.3). 
x = height of sediment interface above bottom of tube (cm.). 
xo = initial height (cm.). 
@ = sedimentation constant (cm.2/min.). 
q 
9 


of sedimentation ends and the second phase starts. 


long column of liquid (cm.). 


= viscosity, centipoise or poise, as indicated. 
= volume fraction of suspended matter in cake. 
= volume fraction of suspended matter in sediment. 


w = compaction rate constant (min.-I), i x . ,  exponential decay 
constant for cake height. 
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N-Chlorosaccharin as a Possible Chlorinating Reagent: 
Structure, Chlorine Potential, and Stability 
in Water and Organic Solvents 


HAN-SON DAWN*, IAN H. PITMAN, TAKERU HIGUCHIt, and STEPHEN YOUNG* 


possibly the monochloro derivative), and slow decom- 
Abstract 0 N-Chlorosaccharin is shown by its IOW chlorine PO- 
tential (pK,, = 4.85 at 25") to be a stronger chlorinating reagent 
in water than the commonly used chloramine-T or N-chlorosuc- 
cinimide. Its uossible usefulness as a detoxifvine or chlorinating 


position of v to yield o-carboxylbenzenesulfonic acid 
(VI) and gaseous compounds. The overall reaction 
scheme is to be as shown in Scheme 


reagent was further indicated by its solubili& a i d  stability in a 
imide bond of N-chlorosaccharin was cleaved in aaueous hvvo- 2 f 0  
variety of solvents. The mechanism of a reaction in which the 0 _ _  
chlorite solution was also investigated. 
Keyphrases N-Chlorosaccharin-synthesis 0 Chlorine poten- a ' > N - C l  + H1O 5 fast @::iV-H + HOCl 
tial-N-chlorosaccharin Hypochlorite solution-N-chlorosac- 
charin degradation 0 IR spectrophotometry-identity 0 U V  
spectrophotonietry-identity Iodometric titration-analysis 


II II K"vt,>t 
0 6Cl f H+ 


0 
r i  7 


N-Chloro imides [e.g., N-chlorosuccinimide (I)] (1) intermediate 
and sulfonamides [e.g., chloramine-T (11)] (2) are widely 
used as chlorinating and oxidizing reagents. The chlor- 
inating power of these molecules, expressed as their 
chlorine potential, pKCp,l has been shown (3) to be 
related to the acidity of their nonchlorinated con- 


lfast I1 
0 


I1 
0 


I 


2 f 0  
0 


II 
0 


I1 


0 dgC1 II 


0 
I11 IV 


jugates, with the stronger chlorinating agent being 
derived from the stronger acid. Thus, because saccharin 
(111) is a stronger acid (pKa = 1.31) (4) than succini- 
mide (pKa = 9.62) (5) or p-tolylsulfonamide (pKa = 
10.3) (6),  it was expected that N-chlorosaccharin (IV) 
would be an even stronger chlorinating reagent than I 
or 11. 


When attempting to determine the K,, value of IV, 
it was found that other reactions were occurring beside 
the transfer of positive chlorine between IV and water. 
These included acid dissociation of saccharin, cleavage 
of the imide bond of IV by the hypochlorite ion, forma- 
tion of N,N-dichloro-o-sulfamylbenzoic acid (V) (and 


1 For a chloro compound, RzNCI, pK,, = - loglo K,,, where K,, is 
the equilibrium constant for the reaction RzNCl + Hz0 S RzNH + 
HOCI. 


Scheme I 


In this communication, evidence is reported for this 
reaction scheme together with values of the equiii- 
brium constant, K,, and second-order rate constant, 
kl. Approximate values of the solubility of IV in 
carbon tetrachloride, ethyl acetate, acetone, 1,4-dioxane, 
and chloroform were also determined, and the stability 
of its solutions in these solvents and methanol was 
investigated. 


STRUCTURE AND SOLUBILITY OF 
N-CHLOROSACCHARIN 


A chlorinated derivative of saccharin was precipitated (7) as a 
white crystalline powder (m.p. 148-150") when chlorine gas was 
passed into cold aqueous solutions of saccharin. This substance was 
confirmed to be N-chlorosaccharin by elemental analysis, iodo- 
metric estimation of its positive chlorine content (one equivalent of 
positive chlorine per molecule), and from a comparison of its IR 
spectrum to those of saccharin (III), N-methylsaccharin (VII), and 
o-methylsaccharin (VIII). The conclusion that the chlorine in the 
molecule had substituted the imide proton of saccharin was deduced 
from the facts that: (a) the substance liberated positive chlorine in 
water (this would not be expected if the chlorine atom was sub- 
stituted in the benzene ring), and (b) its IR spectrum contained no 
peaks above 3000 cm.-l (i.e., in the N-H and 0-H stretching 
region). The conclusion that it was N-chlorosaccharin and not the 
isomeric o-chloro derivative came from the observation that its IR 
spectrum contained a strong peak in the carbonyl stretching fre- 
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VII 


OM(? 
VIII 


quency range (at 1750 cm.-l). A similar carbonyl stretching peak 
was present in the spectra of saccharin (11) and N-methylsaccharin 
(1750 cm.-l), but o-methylsaccharin did not contain any significant 
peaks between 1625 and 2000 cm-1. o-Chlorosaccharin would have 
been expected to have similar spectral characteristics to  this latter 
compound (VIII). 


Although N-chlorosaccharin had very low solubility in water 
(estimated solubility 0.1 g./l. at 25"), it was considerably more 
soluble in organic solvents as shown in Table I. U V  spectral analysis 
and iodometric titration indicated that the N-chlorosaccharin con- 
tent of the solutions in Table I did not change more than 3 z during 
3 hr. at 25 '. 


Chlorine Potential of N-Chlorosaccharin-A substance with a 
U V  spectrum closely resembling that of N-chlorosaccharin was 
rapidly (complete within 30 sec.) formed when a solution of sac- 
charin (1.16 x 10-4 M )  in 6.8 N sulfuric acid was mixed with an 
equal amount of aqueous hypochlorous acid (1.34 X loa3 M ) .  
When similar mixtures were made at higher pH values (in mono- 
chloroacetic acid-sodium monochloroacetate buffers), the spectra 
which were rapidly generated resembled those of mixtures of sac- 
charin, sodium saccharin, and N-chlorosaccharin. These rapidly 
generated spectra did not change more than 3 z  during 3 min. at 
pH values below 3.8. They did, however, change appreciably over 
longer periods because of reactions that will be shown to involve 
cleavage of the imide bond of N-chlorosaccharin followed by slow 
decomposition of the ring-opened intermediate. Similar spectral 
behavior was observed when 0.5-ml. aliquots of a solution of N- 
chlorosaccharin in ethyl acetate (9.72 X M )  were mixed with 
20 ml. of solutions of hypochlorous acid in various buffers. N- 
Chlorosaccharin was added as its ethyl acetate solution because of 
its slow rate of dissolution in water. 


These initial rapid reactions are believed to be due to the establish- 
ment ofthe equilibria: 


1 / X C P  
SH + HOCl-. SCI + HzO 


SH d S- + Hf 
(Eq. 1) 


(Eq. 2) 
Ka.1 


where SH and S- are the saccharin and saccharin anion, respec- 
tively; SC1 is N-chlorosaccharin; and Kcp = [SH] [HOCl]/[SCI]. The 
value of Kcp was calculated from spectrophotometric measurements 
of equilibrium concentrations of reactants and products following 
mixing of aqueous solutions of saccharin with buffered solutions of 
hypochlorous acid or of ethyl acetate solutions of N-chlorosaccharin 
with buffer solutions. Results from several series of experiments are 
included in Table 11. 


The mean value for K,, in water was 1.4 X 10-6 Mat  25' (exclud- 
ing the Kcp values calculated from Experiments 6 and 7 where 2.4z 
ethyl acetate was present). 


Thus, N-chlorosaccharin has a lower chlorine potential (pK,, = 
- log Kcp = 4.85) than N-chlorosuccinimide (8) (pK,, = 7.91) and 
chloramine-T (8) (pK,, = 7.77). Its value is very close to that which 
would be predicted (3) (5.27) on the basis that N-chlorosaccharin is 
a complex between a polarizable nitrogen containing anion (S-) and 
the Lewis acid (Cl+). For such a case the chlorine potential would be 


Table I-Solubility of N-Chlorosaccharin at 25 O 


Solubility, 
Solvent g./l.- 


Carbon tetrachloride 
Ethyl acetate 
Chloroform 
Acetone 
1 ,4-Dioxane 


4.3 
81.1 


112.0 
173.0 
287.0 


Table 11-Hydrolytic Constant," K,,, for 
N-Chlorosaccharin at 25 O 


1 . 3  4 9.55 3.54 - 
1.4 5 4.66 2.72 - 


6b - 0.379 1.58 1.8 
7b - 0.948 1.74 2.0 


Q Calculated as described in Experimental section. b Solutions contain 
2.4 v01.- % ethyl acetate. 


expected to be related to the pKa of saccharin by the identity pK,, = 
0.28 pKa + 4.90. 


Degradation of N-Chlorosaccharin in Aqueous Hypochlorite 
Solution-The previously mentioned changes in the U V  spectrum 
of an equilibrium mixture of saccharin, saccharin anion, and N- 
chlorosaccharin increased in rate when the pH of the solution was 
raised or when the concentration of hypochlorous acid was in- 
creased. These changes are believed to be due to a relatively fast 
cleavage of the imide bond of N-chlorosaccharin followed by a 
slower decomposition of the chlorinated o-sulfamylbenzoic acid. 
Results in Fig. 1 show the change in U V  absorbance at 282 mp in a 
2-cm. cell plotted against time following the mixing of a solution of 
saccharin (5.60 X 10-4 M> in an acetic acid-sodium acetate buffer at 
pH 3.9 with an equal volume of aqueous hypochlorous acid (1.05 X 


M).  After the reaction had proceeded for longer than 40 min., 
unidentified gases were evolved. The U V  spectrum, which was 
measured 3 min. after mixing the reactants, is shown in Fig. 2 to 
be almost identical to that obtained 3 min. after mixing equal vol- 
umes of solutions of o-sulfamylbenzoic acid (6.00 X M )  and 
hypochlorousacid(l.37 X lod2 M). 


The reactions occurring in the hypochlorous acid-saccharin sys- 
tem could be quenched by adding drawn samples to excess sodium 
bisulfite to reduce the positive chlorine. When the drawn samples 
were added to  sodium bisulfite at progressively longer time intervals 
after the reactants had been mixed, and the solution was placed on a 
silicic acid-sulfuric acid column, saccharin and o-sultamylbenzoic 
acid (identified by their U V  spectra in chloroform and their retention 
time on the column as compared to authentic materials) were eluted 
with a chloroform-butanol mixture. The amount of saccharin ob- 
tained decreased, and the amount of o-sulfamykbenzoic acid in- 
creased initially and then decreased as the time elapsed before the 
addition to sodium bisulfite increased. Results of the amounts of 
saccharin and o-sultamylbenzoic acid obtained are plotted as a 
function of time before addition to sodium bisulfite in Fig. 3. 
o-Carboxylbenzenesulfonic acid, which was also expected to be a 
product of the degradation of N-chlorosaccharin, could not be 
eluted from the column with chloroform-butanol mixtures because 
of its high acidity. It was, however, eluted with aqueous phosphate 
buffer after the saccharin and o-sulfamylbenzoic acid had been re- 
moved. It was identified by the similarity of its UV spectra in 1 M 
HCI and 0.1 M NaOH to that of authentic material. Thus, the 
changes in U V  absorbance and product analysis are consistent with 
the proposed reaction scheme for degradation of N-chlorosaccharin. 


I I 


II: 1 I 


a I READING 
0.00,- 1 I , , , I ,  , , , ' $ -$ 
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< 
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Figure 1-Observed change in absorbance at 282 mp  in a 2-cm. cell 
containing initially 5.25 X M HOCI and 2.8 X 10-' M sac- 
charin inpH 3.9,0.03 M acetate buffer at 25O. 
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Figure 2-UV spectra: (1) Mixture of saccharin and hypochlorous 
acid in 3 X IF2 M acetate buffer after 3 min. (with same con- 
centration of hypochlorous acid as reference), pH 4.9. (2) Mixture of 
hypochlorous acid and 0-sulfamy1 benzoic acid (wirh same concentra- 
tion of hypochlorous acid as reference), pH 3.30. Observed absorp- 
iivitieJ were calcdared by dividing absorbances by [sacclrarin],dd,a or 
[o-sulfamyl henzoic acid] and thepathlength of rhe cell. 


Kinetic data for the ring-cleavage reaction were obtained from 
measurements of changes in UV absorbance at 282 mp following 
addition of 1 ml. of solutions of saccharin (1.74 - 2.18 X M )  
and 1 ml. hypochlorous acid (5.78 - 2.88 X M )  to 4.6 ml. 
acetate buffer of ionic strength, I, 0.5 M. Under these conditions 
(where the initial concentration of hypochlorous acid, [HOCl]added, 
was greatly in excess of the added concentration of saccharin, 
[SHIadded), the ring-cleavage reaction was pseudo-first-order ; a 
pseudo-first-order rate constant, k, ', was calculated by taking the 
maximum absorbance as the absorbance of the pure product. Be- 
cause it is not known whether this product was N,M-dichloro-o- 
sulfamylbenzoic acid, N-chloro-o-sulfamylbenzoic acid, or an iso- 
mer of these, an unspecified intermediate was included in the reac- 
tion scheme. However, it is believed that irreversible ring cleavage 
was the rate-determining step in the reaction. On this basis, the rate 
equation for consumption of total saccharin species, SHt,t,l 
{[SHtot,~] = [SH] + [S-] + [SCll) would be: 


where K,., and K.,z are the acid dissociation constants of saccharin 
and hypochlorous acid (K, .2  = 2.82 X (9). Thus the second- 
order rate constant would be related to the pseudo-first-order rate 
constant kl' at different pH values and added hypochlorous acid 
concentrations by the identity 


0 500 1000 4000(sec.) 23 hr. 
TIME 


Figure 3-Integrated absorbance areas under the first and second 
elution peaks obtained at various reaction times for mixture of hypo- 
chlorous acid and saccharin. The system initially conrained 3.90 X 
10-3 M hypochlorous acid and 4.85 X lo-' M saccharin, pH 3.4. 


Table 111-Rate Constants for Cleavage of h i d e  Bond of N- 
Chlorosaccharin 


[Saccharifl].dd,d [HOCl]added 1O2kl1' w 5 k 1  
pH X lo4 M X lo3 M Set.- M-l Set.-' 


4 . 9  3 . 3 0  7.28 3 . 3 0  1 . 6  


4 . 3  


3 . 3 0  5 .82 2.32 1 . 7  
3.30 4.36 1.35 1 .8  
2.64 5.82 2.24 1 . 7  
2.64 8.74 4.88 1 . 7  
3 . 3 0  7 .28 2.77 1 . 6  
3.30 5.82 1.79 1 .6  
3 . 3 0  5 .09  1.63 1 .8  
3.30 4.36 1.26 1 . 9  


Av. 1 . 8  =t 0 . 2  


Values of kl calculated in this way are included in Table 111. 
The consistency of values of kl in Table I11 is strong evidence in 


support of the proposed reaction scheme. The kinetics of degrada- 
tion of the chlorinated o-sulfamylbenzoic acid were not determined. 


The overall reaction scheme is essentially the same as that pro- 
posed by Chattaway (7) to account for the degradation of N-chloro- 
saccharin in solutions of caustic alkalis. 


Stability of N-Chlorosaccharin in Methanol-Methanolysis of M- 
chlorosaccharin to saccharin and methyl hypochlorite was a more 
favorable reaction than hydrolysis to saccharin and hypochlorous 
acid. Thus, when N-chlorosaccharin was dissolved in anhydrous 
methanol, it was quantitatively converted to saccharin and methyl 
hypochlorite by the following reaction : 


SCl + MeOH + SH + MeOCl (Eq. 5 )  


When this reaction was complete (after 20 min.), the titer of iodine 
against positive chlorine was within 6z of theoretical, indicating 
that the reaction mixture was still a potential chlorinating system. 


The rate of consumption of N-chlorosaccharin and the rate of 
formation of saccharin were pseudo-first-order reactions; from mea- 
surements of changes in concentration with time, a pseudo-first- 
order rate constant, k,l, with a value 4.1 X sec.-l at 25" was 
calculated. When known amounts of water were added to the 
methanol, the rate of conversion of N-chlorosaccharin to saccharin 
increased linearly as shown in Fig. 4. The catalytic rate constant for 
water was calculated from this plot to be M-l sec.-l. No fur- 
ther studies were undertaken to  determine the mechanism of this 
reaction. 


The chemical literature contains what the authors believe to be 
erroneous references (2,9) to a reaction between N-chlorosaccharin 
and methanol to yield N-methylsaccharin. Although these references 
are apparently based on studies of Remsen and Dohme (lo), the 
original work makes no mention of this reaction and treats instead 
the reaction between methanol and the product formed by reaction 


Figure &Plot of kobs. 
against concentration of 
water in methanol for re- 
action of N-chlorosaccharin 
in aqueous methanol. 


0 
0 0.5 1.0 1.5 2.0 2.5 3.0 


[Hi01 M 
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Table IV-Determination of Hydrolytic Constant, K,,, at 25 O 


under the Condition where [HOClIadded Was Much Greater 
than [SH]addeda 


Table VL-Determination of Hydrolytic Constant, Kcpr at 25" 
under the Condition where N-Chlorosaccharin Was Added to 
Buffered Solutions of Saccharin" 


Kcpa 
PH Aa A A ,  x 105 M 


Inter- 
cept &, 


Slope x x 
PH Ao A Lb x 10-4 10-4 105 M G 2.29 0.604 0.760 1.028 1.9 


2.33 0.606 0.753 1.028 2.0 
2.47 0.611 0.751 1.028 1.6 
2.70 0.617 0.707 1.028 2.1 
3.02 0.621 0.683 1.028 1.8 
3.30 0.623 0.671 1.028 1.4 
3.46 0.624 0.658 1.028 1.5 
3.57 0.624 0.646 1.028 2.0 


2.30 0.611 0.950 3.47 X lo3 
2.37 0.613 0.939 3.81 X lo3 
2.48 0.616 0.925 4.62 X lo3 
2.69 0.619 0.819 6.79X lo3 -7.22 7.19 1.38 2652 
2.94 0.622 0.857 1.00 X 1 0 4  
3.34 0.624 0.774 1.55 X lo4 
3.67 0.625 0.774 2.03 X lo4 


Av. 1 .8  f 0.3 


a [SCllnd+d = 1.58 x 10-4  M ,  [SHIndded = 3.79 X 1 0 - 5  M .  Buffer 
Concentration = 0.05 M (monochloroacetate). All solutions contamed 
2.4 vol.-% of ethyl acetate. Absorbances were measured at 270 mp 
in a 2-cm. cell. * Using Eq. 9 and 10 to calculate K,,, the values 1.96 
X lo-' M (added concentration of SC1 + added concentration of SH) 
and 1.58 X 10-4 M (added concentration of SCl) were used for the 
termS "[SHIadded" and "[HOCl]added." 


of saccharin and phosphorous pentachloride at 7G75". This latter 
product is presumably pseudosaccharin chloride ( 1  1 ,  12) and not 
chlorosaccharin. 


Methanol (Allied Chemical, reagent grade) was dried according 
to Vogel (14). o-Methylsaccharin (VIII) was prepared by following 
the procedure used by Meadow and Reid (12) (m.p. 18G181"). 
N-Methylsaccharin (VII) was synthesized according to Brackett (15) 
(m.p. 131-132'). 1PDioxane (Allied Chemical, reagent grade) was 
purified according to Vogel(l4). 


Cary 11, 14, or 15 recording spectrophotometers, which were 
thermostated at 25.0 f 0.2" by circulating water, were used to 
measure absorbances. pH values were measured using a Corning 12 
research pH meter. 


CONCLUSION 


N-Chlorosaccharin is likely to have only limited usefulness as a 
chlorinating agent in water because of its poor solubility and slow 
rate of dissolution. On the other hand, it is readily soluble in several 
organic solvents and, because it readily releases its positive chlorine 
in water, it is expected to be a good chlorinating agent in these sol- 
vents. The reactions of N-chlorosaccharin in aqueous hypochlorite 
solution or methanol do not reduce the availability of positive 
chlorine appreciably and these solutions also should be useful 
chlorinating systems. 


CALCULATIONS AND PROCEDURES 


Solubility of N-Chlorosaccharin in Organic Solvents-Solubility 
was estimated by measuring the maximum concentration of N- 
chlorosaccharin that could be dissolved by stirring with the solvent 
in a sealed vessel at 25". Samples of solution were removed every 
15 min. and analyzed by UV spectrophotometry and iodometric 
titration for N-chlorosaccharin and positive chlorine, respectively. 
When the concentration of the solution in the presence of undis- 
solved crystals did not change during 45 min., it was assumed to be 
saturated. 


Acid Dissociation Constant and Molar Absorptivity of Sac- 
charin-Because saccharin is a strong acid, the absorbance of the 
neutral molecule in water was difficult to measure. Its acid dis- 
sociation constant, Ka,i, could not be calculated directly by using 
the relationship: 


EXPERIMENTAL 


Reagents and Equipment-All reagents used were of the highest 
grade commonly available and were normally subjected to further 
purification before use. Saccharin (Aldrich) was recrystallized from 
acetone (m.p. 228-229"). N-Chlorosaccharin was prepared and 
purified according to Chattaway (7). The purity of the recrystallized 
product (m.p. 148-1 50"), determined iodometrically, was 98 x 
based on active chlorine content. Hypochlorous acid was prepared 
essentially according to Higuchi and Hasegawa (1 3). Commercially 
available bleaching solution (containing 5 sodium hypochlorite) 
was acidified with boric acid and distilled under vacuum at 50". 
The distillate was redistilled under vacuum at the same temperature. 
A diluted solution of the second distillate was used in the reactions. 
The diluted solutions fell in the concentration range of 2 X 
to 4 X low2 M.  Monochloroacetic acid (J. T. Baker, A. R. grade) 
was recrystallized from benzene before use. Water used throughout 
this study was finally distilled from acid permanganate to remove 
possible volatile nitrogenous contaminants. 


where A is the absorbance of an equilibrium solution of saccharin 
and saccharin anion, and ASH and As- are the absorbances of the 
same solution at  pH values where 99 of the saccharin is in the form 
of its neutral molecule and anion, respectively. Although the value 
of A ~ H  could not be measured, values of As-, A (both in a 5-cm. cell 
at 270 mp) and [H+] were measured for the equilibrium solutions 
formed when 1-ml. aliquots of aqueous solutions of saccharin (3.80 
x 10-3 M )  were added to 20 ml. of solutions of HCl and KC1 (total 
concentration 2 X 10-1 M )  at 25". Plots of (As- - A)/[H+] against 
A gave a straight line with a slope of 20.4 and an intercept on the Y- 
axis when A = O of 21.7. From Eq. 6 it can be seen that the slope of 
this line and the intercept of the Y-axis are related to K,J and1the 
molar absorptivity of saccharin, &", by the identities 


Table V-Determination of Hydrolytic Constant, Kcp, at 25" 
in Water under the Condition where [HOCl]sdded Was Not Much 
Greater than [SH 


KCP x 1 0 5  M PH Aa A A ,  


2.30 
2.40 


0.861 
0.866 
n. xhx 


1.245 
1.236 
1.217 


1.453 
1.453 
1.453 


1.5 
1.3 
1.4 2.47 


2.59 
2.81 
3.06 
3.20 


~ -~ 


1.187 
1.140 
1.070 
1.032 
1.015 


i ,453 
1.453 
1.453 
1.453 
1.453 


i .4 
1.3 
1.4 


0.872 
0.867 
0.880 


(Eq. 7) 
1 intercept 


K,.i = ~ and t:&" = - slope slope X [ S H I n d d  
0.881 
0.882 
0.882 


1.4 
1.4 
1.5 


3.30 
3.47 0.976 1.453 


where b is the pathlength of the spectrophotometer cell. From results 
of the experiment, values of K,,l = 4.91 X (lit. 2.5 X lop2 at  
IS0) (16) and &* = 11 19 in waterat 25.0 f 0.2" were calculated. 


Determination of the Hydrolytic Constant, Kcp Value, for N- 
Chlorosaccharin-The K,, value was calculated from the ab- 


Av. 1.4 f 0.1 


[SHIsddd = 2.72 x lo-' M ,  [HOC1]dded = 4.66 x M .  Buffer 
concentration = 0.04 M (monochloroacetate). Absorbances were 
measured at 270 mr in a 2-cm. cell. 
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sorbance, A, of an equilibrium solution of saccharin (SH), sac- 
charin anion (S-), N-chlorosaccharin (SCl), and hypochlorous 
acid by using the equation: 


A0 and Am were the absorbances of the solution under conditions 
where >99% of the added saccharin was in the form of saccharin 
plus saccharin anion and N-chlorosaccharin, respectively, and K,.l 
was the acid dissociation constant of saccharin. Values of An, A,  and 
[H+] could be measured directly, but values of A ,  could not be- 
cause of the difficulty of working at pH values where the saccharin 
would not be dissociated to an appreciable extent. Also, A ,  could 
not be calculated from the identity 


Am = €SCI [SHIadded b + EHOCL ([HOClIadded - [SH]sdded)b (Eq. 9) 


until a sufficiently accurate value of the molar absorptivity of N- 
chlorosaccharin, tg~1, was available. 


Inspection of Eq. 8 shows that when [HOCl]*dd,d is much larger 
than [SHIadded and at a wavelength where ESCI > ESH or €8- a plot of 


against A at different pH values would give a straight line from which 
values of K,, [ = - (l/slope)] and Am [ = (-intercept/slope)] could 
be calculated. A value of escl could then be calculated from this A,  
value and used to calculate A,  values for subsequent experiments 
where [HOClIadded was not much greater than [SHIadded. This was the 
method used to compute Kcp values. Typical sets of results for experi- 
ments carried out under conditions where: (a )  [HOCl]ndded >> 


(c) N-chlorosaccharin was added to buffered solution of saccharin 
are shown in Tables IV, V, and VI, respectively. 


Determination of the Rate Constant for the Cleavage of h i d e  
Bond of N-Chlorosaccharin-A saccharin stock solution, acetate 
buffer solutions (0.5 M with ionic strength adjusted to 0.5 by adding 
sodium sulfate) of different pH values, and hypochlorous acid of 
various concentrations were prepared and brought to 25 ’. Then 
4.6 ml. of buffer solution of desired acidity was mixed with 1.0 ml. 
of saccharin solution in a 2-cm. cell. Into this cell 1.0 ml. of hy- 
pochlorous acid of desired concentration was injected. The cell was 
quickly shaken and placed in a spectrophotometer. The change of 
absorbance at 282 rnp was then recorded. At the end of the fast 
reaction (after the absorbance had passed its maximum reading), 
the pH of the mixture was determined. 


Chromatographic Separation of the Components of the Reaction 
Mixture of Saccharin and Hypochlorous Acid-A partition column 
was prepared as follows: 20 ml. of 2 N sulfuric acid was added to 20 
g. of silicic acid and mixed well. A slurry was made with 40 ml. of 
chloroform and packed into a glass column (50 cm. long, 2 cm. in 
diameter) containing a plug of glass wool and having a Teflon 
stopcock. 


A 10-ml. portion of the reaction mixture was added to 2 ml. of 4 
N sulfuric acid which contained sufficient sodium bisulfite to quench 
the reaction by reducing the positive chlorine and, consequently, 
N-chlorospecies were converted into their conjugate nonchlorinated 
derivatives. Five milliliters of the quenched reaction mixture was 


[SHIadded; (6)  [HOClIadded Was not much greater than [SHIsdded, and 


then chromatographed according to the following procedure: 5 g 
of silicic acid was added to the mixture and a slurry was made with 
10 ml. of chloroform. The slurry was then packed on the top of the 
column. 


Saccharin was eluted with 100 ml. of 2% butanol in chloroform 
and o-sulfamyl benzoic acid with 100 ml. of 6% butanol in chloro- 
form. The integrated absorbance was obtained by adding the ab- 
sorbances of all fractions (10 ml. eluate in each fraction) that con- 
tained the same component. 


Alcoholysis of N-Chlorosaccharin to Saccharin in Methanol-A 
stock solution of N-chlorosaccharin was made up in ethyl acetate 
(4.00 X M).  Then 0.02 ml. of this solution was injected into a 
1-cm. stoppered cell containing 2.0 ml. of methanol or aqueous 
methanol. The disappearance of N-chlorosaccharin was then fol- 
lowed spectrophotometrically at 276 mp. 
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Reactions of Acetaminophen in Pharmaceutical Dosage Forms: 
Its Proposed Acetylation by Acetylsalicylic Acid 


E. KALATZIS 


Abstract 0 Acetylation of acetaminophen (paracetamol) by acetyl- 
salicylic acid to 0,N-diacetyl-p-aminophenol (DAPAP) was not 
evident in experimental pharmaceutical dosage forms. DAPAP, 
which was found to be present in small quantities in commercial 
grade acetaminophen, is unstable in pharmaceutical preparations. 
The destruction of DAPAP increases rapidly with the temperature 
and moisture content of the system. Solid DAPAP seems to exist 
in at least two forms, as shown by their IR spectra. 


The observed color darkening of suspensions containing acet- 
aminophen is mainly due to the oxidative degradation of the 
liberated p-aminophenol. The presence of codeine phosphate and 
caffeine seems to enhance the color deterioration of solid prep- 
arations containing acetaminophen kept at 45” and in a humid 
atmosphere. It is recommended that moisture be excluded, as 
much as possible, from such preparations. 


Keyphrases Acetaminophen react ion4osage forms 
Aspirin-acetaminophen acetylation 0 Codeine POa, caffeine 
effect-acetaminophen stability Humidity effect-acetaminophen 
stability TLC-analysis 0 IR spectrophotometry-identity 0 
UV spectrophotometry-identity 


Previous publications have indicated that drugs 
containing amino- or phenolic-groups, such as phenyl- 
ephrine (1) or codeine (2), as well as proteins (3) can 
be acetylated by acetylsalicylic acid in tablet formula- 
tions. 


In 1967, it was reported (4) that acetaminophen 
(N-acetyl-p-aminophenol) can be acetylated by acetyl- 
salicylic acid in tablet formulations, with the formation 
of 0,N-diacetyl-p-aminophenol and salicylic acid. The 
same authors (4) proposed a linear relationship between 
the rate of formation of salicylic acid and the rate of 
formation of U,N-diacetyl-p-aminophenol and in- 
dicated the presence of p-aminophenol in some tablets, 
but they did not discuss its formation. However, a study 
of the kinetics of the formation of p-aminophenol by 
the hydrolysis of acetaminophen in aqueous solutions 
has been reported earlier (5). 


Because there was a strong move in 1967 to have 
phenacetin removed from analgesic preparations being 
sold in Australia, many manufacturers replaced the 
phenacetin in their formulations by the same weight of 
acetaminophen. In this laboratory, however, it was 
found that in aspirin-acetaminophen preparations 
held at 45 O under humid conditions or aspirin-acet- 
aminophen suspensions held at 45 O, p-aminophenol, 
together with its colored oxidation products, was 
being produced in a relatively short time. In a number 
of these aspirin-acetaminophen preparations or sus- 
pensions the presence of U,N-diacetyl-p-aminophenol 
has also been established. 


Part of this work was presented at the I.U.P.A.C. 2nd International 
Congress on Pharmaceutical Chemistry, held at Miinster/Westf. on 
July 22-26, 1968, in a paper on “Reactions of Acetylsalicylic Acid 
and Paracetamol in Dosage Forms,’’ by B. G. Boggiano, E. Kalatzis, 
and F. E. Peters. 


The formation of p-aminophenol in preparations 
containing acetaminophen is of some concern, there- 
fore, and the presence of U,N-diacetyl-p-aminophenol 
attracted the author’s attention, because any acetyla- 
tion of acetaminophen (APAP) by acetylsalicylic acid 
(ASA) to the 0,N-diacetyl-p-aminophenol (DAPAP) 
could, in addition to the direct hydrolysis of acetamino- 
phen, be responsible for an alternative reaction path 
affecting the rate of the formation of p-aminophenol 
(PAP). However, the results of this paper show also 
that, contrary to  what has been assumed earlier (4), 
acetylation of APAP by ASA was not evident under 
the conditions examined. 


EXPERIMENTAL 


Thin-layer Chromatography (TLCeAnalyses by TLC were 
carried out on 0.25 mm. Silica Gel GFZs4 (Merck reagent). Solvent 
systems (4) used in all cases were as follows: (a) chloroform- 
acetone-acetic acid (80 : 18 :2), and (b) chloroform-ethanol-acetic 
acid (88:10:2). 


TLC plates were usually eluted only once but, when necessary, 
a second elution (placing the plate in the solvent tank for a second 
time) improved the separation of spots. The various spots separated 
on the TLC plate could be easily seen against the green fluorescence 
of the plate by viewing in the UV light of short wavelength (254 
m d .  


Materials-Acetaminophen, phenacetin, and acetylsalicylic acid 
were commercial (pharmaceutical) grade reagents. Acetaminophen 
(Winthrop), which showed more than one spot by TLC examination, 
was recrystallized four times from methyl isobutyl ketone before 
the spot corresponding to DAPAP disappeared. Figure 1 shows 
the results of the TLC examination of the residues and of the 
final product obtained from the recrystallization of acetaminophen; 
also, it shows that when 2 x  DAPAP was added before or after 
purification, only one DAPAP spot was obtained by TLC. The 
spots which correspond to pure DAPAP have UV and IR spectra 
identical with those of DAPAP. The UV spectra in ethanol have 
X,,,. at 246 mfi and log E &Z 4.20. Solid DAPAP seems to be 
polymorphic and the form obtained depends on the solvent from 
which it is recovered. Thus, when it was recrystallized from water, 
the IR spectrum of the solid showed two carbonyl frequencies at 


O O O O @  
PAP 


3 4 5 6 7 R 


Figure 1-Thin-layer chromatogram of APAP (Solvent a) Key: 1 ,  
residue from the filtrate of the first recrystallization of commercial 
APAP; 2, same as 1 but from second and third recrystallizations 
combined; 3 ,  commercial APAP before recrystallization; 4, pure 
recrystallized APAP; 5, Commercial APAP containing 2 DAPAP; 
6,O-acetyl-p-aminophenol; I, DAPAP; and 8, PAP. 
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Table I-Uncompressed Mixtures of Powders 


Phenacetin, 
Mixture APAP, g. g. ASA,g. SA,g. 


- 1 .o l a  1 .o 
1 .o 2a 1 .o 


3 - 1 . O  1 .o 
1 .o 4 - 1 .o 


0 . 5  5* 0.5  
- 0 5  0 . 5  


- 0 .15  0 .15  - 
6b 
7b 


- 
- - 


- - 
- - 


- 


0 Commercial (pharmaceutical) grade acetaminophen, which was 
shown by TLC to contain DAPAP. b Recrystallized acetaminophen, 
acetylsalicylic acid, and phenacetin. 


1688 and 1738 ern.-' and an N-H frequency at  3364 cm.-'. 
There were a shift and an increase in the complexity of these fre- 
quencies when the solid was recovered from other solvents. For 
example, the solid recovered from alcohol or benzene showed the 
two carbonyl frequencies at 1665 and 1752 cm.-1 and what appeared 
as a number of N-H frequencies in the range of 3074-3292 cm.-l. 
Furthermore, the solid recovered from acetone seemed to be a 
mixture of the two forms, because its spectrum contained all these 
frequencies. These changes, which may be due to the presence of 
the amide group, are reversible and have been observed with com- 
mercial DAPAP as well as with that recovered by TLC from com- 
mercial APAP. This problem is under investigation. 


Phenacetin and acetylsalicylic acid were recrystallized three times 
from ethylacetate; they were shown by TLC to be pure (one spot). 
Salicylic acid (AnalaR), acetylsalicylic acid (May & Baker), 
codeine phosphate (May & Baker), and caffeine (D.H.A.) were 
used without further purification. 


Commercial APAP containing 2 %  DAPAP was prepared as 
follows: 0.2 g. of DAPAP (Tokyo Kasei & Co.) together with 10 g. 
of APAP (commercial grade D.H.A. shown by TLC to contain no 
DAPAP) were dissolved in alcohol (20 ml.) and the clear solution 
obtained was then evaporated slowly to dryness under vacuum. 


Preparations-Suspensions-Typical suspensions were prepared 
as follows: 10 g. acetylsalicylic acid, 10 g. acetaminophen, 200 ml. 
demineralized water, with or without 0.4 g. codeine phosphate 
or 1.0 g. caffeine, and with or without the following mixture: 
4 g. compound powder of tragacanth BP and 20 ml. syrup of orange 
and 5 ml. concentrate chloroform-water (60% chloroform in 60% 
ethanol). 


Similar suspensions containing phenacetin instead of aceta- 
minophen were also prepared. All suspensions were kept at room 
temperature (about 25") or at 45" for 14 weeks. 


Table 11-Uncompressed Mixtures of Powders 


Codeine 
APAP, Phosphate, 


Mixture g. ASA, g. SA, g. g. Caffeine, g. 


- l a  1 .o  1 .o 
1 .o 2 


3 1 .0 1 .o 
1 . o  4 


5 0 .75  1.23 
0 .75  - 1.23  6 
0 .75  1 .23  


- 1.23 
7 


0.75 8 
9 2 . 0  


I 1  1.0 


1 .o 
1 .o 


- 
- 


- 
- 


- 


- - 
- l r  1.0 1 .o  


1 .o 
111 1 .o 1 .o 


1 .o IV 1.0 - 
V 0.75  1.23 - 


VI 0 . 7 5  - 1.23 
VII 0 .75  1.23 - 


VIII 0.75 - 1.23  


- 
- 


- - IX 2.0 


0.043 
0.041 


0.042 
0.041 


0.15 
0.15 


Puwders-Uncornpressed mixtures of powders were prepared by 
grinding the weighed quantities of the appropriate materials and 
mixing thoroughly. No excipients were included in these mixtures, 
as is seen in Tables 1-111. 


Each uncompressed mixture was divided into six equal parts 
which were kept at room temperature (about 25") and at 45" 
under the following conditions: (a) in sealed vials (dry mixtures), 
(h )  in a desiccator over water (humid mixtures), and (c) in sealed 
vials in which 1-2 ml. of water was added (moist mixtures). 


Samples (25-50 mg.) were taken out at regular intervals of time, 
dissolved in alcohol (about 2 ml.), and examined by TLC. Satis- 
factory results were obtained when many applications (about eight 
each of about 5 pl.) were used for each sample, thus ensuring that 
the minor components, if present, would appear as recognizable 
spots on the thin-layer chromatograms. The limits of detection lie 
between 0.2 and 0.4 mcg. of DAPAP spots on the TLC plate by the 
method described. 


Tablets-The tablets examined were commercially manufactured 
products. 


RESULTS AND DISCUSSION 


Suspensions-Suspensions containing phenacetin and held at 
45" for 14 weeks showed no color change and, as expected, neither 
DAPAP nor PAP could be detected by TLC. 


Suspensions containing acetaminophen (commercial grade, 
which was shown to contain DAPAP) rapidly turned brown and 
deposited a black precipitate. Spots indicating the presence of 
both PAP and DAPAP were observed. While the amount of 
PAP and its colored oxidation products increased with time, the 
amount of DAPAP decreased and eventually could not be detected. 


The level of PAP in the aqueous phase of these suspensions rose 
to about 10-2 M, as determined spectrophotometrically by using 
Cnitrobenzaldehyde and removing the colored oxidation products 
(6). 


Similar, but much slower, changes were observed in suspensions 
kept at room temperature. For example, at the end of 14 weeks the 
level of PAP was less than lop4 M and 24 weeks later these suspen- 
sions, although discolored, were not as dark as the suspensions 
kept at 45" for 14 weeks. 


Powders-The results obtained after examining the powder 
mixtures containing recrystallized APAP (Table I) indicate that no 
DAPAP is formed in the dry mixtures when kept at room tem- 
perature for 6 months. Also, no DAPAP is formed in all the other 
mixtures held at room temperature or at 45" for 2 months. 


On the other hand, humid and moist mixtures containing com- 
mercial acetaminophen (Table I) and kept at room temperature 
indicated that the original DAPAP remained almost completely 
unaffected for 2 months. Similar results were obtained with the dry 
mixtures kept at room temperature for 6 months and at 45" for 
2 months. However. the DAPAP present in the humid and moist 
mixtures held at 45", for 6 and 2 weeks, respectively, decreased 
steadily and at the end it could not be detected, presumably because 
of hydrolysis to APAP. This view is supported by the fact that no 
additional spots were revealed by TLC (0-acetyl-p-aminophenol 
appears as a different spot than that of APAP, as shown in Fig. 1). 


Uncompressed powder mixtures based on two-tablet formulations 
of the Australian Pharmaceutical Formulary were also prepared. 
No excipients were added to these mixtures as seen in Table 11. 


Table 111-Uncompressed Mixtures of Powders 


Codeine 
Phosphate, 


Mixture APAP, g. ASA, g. SA, g. g. PAP, g. 


(2 Mixtures 1-9 contain APAP (commercial grade) which was shown 
by TLC to be free from DAPAP. b Mixtures I-IX contain APAP (com- 
mercial grade as in Mixtures 1-8) to which 2% DAPAP was added. 
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a Commercial (pharmaceutical) grade acetaminophen, which was 
shown by TLC to contain DAPAP. 0 Recrystallized acetaminophen and 
acetylsalicylic acid. 







The formulations are: (a) acetylsalicylic acid, 250 mg.; acetamino- 
phen, 250 mg.; and codeine phosphate, 8 mg.; and (b)  acetylsalicylic 
acid, 225 mg.; acetaminophen, 150 mg.; and caReine, 3 0  mg. 


The APAP used was a commercial grade, but TLC examination 
showed that it contained no DAPAP. Accordingly, DAPAP was 
added and thus two series of powder mixtures were prepared: 
one with APAP free from DAPAP and the other with APAP 
containing 2% DAPAP (Table 1 1 ) .  


All the mixtures were exposed to the same conditions as indicated 
above. The results have shown that again no DAPAP was formed 
under any of the conditions examined and that the DAPAP added 
had a fate similar to that of the DAPAP present in the previous 
powder mixtures (Table I). These findings hold true for all the 
mixtures including those containing codeine phosphate or caffeine. 
Increased quantities of codeine phosphate added in a number of 
uncompressed powder mixtures (Table 111) gave similar results. 


No appreciable decrease in the DAPAP was observed in the dry 
mixtures heldatroom temperatureandat 45"for2 months(Fig.2~). 
The DAPAP present in the humid mixtures which were held at 45" 
for 2 months decreased steadily to traces and disappeared com- 
pletely when codeine phosphate was present. This acceleration in 
the destruction of DAPAP is possibly due to the liberation of 
phosphoric acid in the presence of moisture. 


Only a slow decrease in the DAPAP present in the moist mixture 
held at room temperature was observed and DAPAP was still 
present after 2 months. On the other hand, the decrease in the 
DAPAP in the moist mixtures kept at 45" was rapid and no DAPAP 
could be seen after about 2 weeks (Figure 2b). 


These observations seem to be consistent whether ASA or SA 
is mixed with APAP. Of course, ASA hydrolyzes to SA and acetic 
acid, and this can be easily seen by TLC, because ASA appears 
as a green spot in the UV light (254 mp) against the fluorescent 
background of the plate while SA appears as a blue spot. Adequate 
separation of the ASA from SA c m  be effected in Solvent b referred 
to in the Experimental section. 


Powder mixtures containing phenacetin (Table I) have shown no 
recognizable changes except that, as in the case of those containing 
acetaminophen, humid and moist mixtures develop SA rapidly at 
45" and more slowly at room temperature. 


Because the results of the present work have shown that DAPAP 
is not stable and that its destruction, like the hydrolysis of ASA, 
increases with temperature and moisture content of the systems 
under consideration, the work reported by the earlier authors 
(4) has been reexamined. Figure 3 shows a plot of the number of 
moles of free SA against the number of moles of DAPAP based 
on their data (4). 


Such a plot, however, does not seem to support satisfactorily the 
suggestion made by the above authors (4) that there is a relationship 
between the rate of formation of SA and the rate of formation of 
DAPAP. For example, in the case of their results with Product C, 


00 00 


7 m e m w s  


Figure 2-Thin-layer chromatogram of uncompressed powder 
mixtures. (Solvent a) Key: for 3 to IV and 7 to VIII, see Table 22; 
S, DAPAP; 2, codeine phosphate; W, caffeine; Y, yellow spots 
(seen in ordinary light); and D ,  rather dark brown spots. Chromato- 
gram A was eluted once and Chromatogram B was eluted twice. (Dry 
A and moist B mixtures at 45"). 
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Figure &Plot ofthe number of moles of free SA against number of 
moles of DAPAP in the samples ofproducts A, B, and C, from the 
data of Reference 4. 


a fivefold increase in the number of moles of DAPAP corresponds 
to an approximate twofold decrease in that of the free SA. 


These results rather suggest a random distribution of DAPAP 
in the various products. Furthermore, their (4) proposed linear 
relationship between the amount of DAPAP and that of SA 
formed with time in tablets from the same batch is not in agreement 
with the results of the present work, which indicates that the DAPAP 
is unstable especially under accelerated storage conditions. Since 
the storage conditions for the different products were probably not 
identical, the amount of DAPAP determined at a certain time 
would be expected to vary according to the history of the products 
concerned and the amount, if any, of DAPAP initially present. 
Moreover, all the figures quoted by the above authors (4) indicate 
that the number of moles of SA formed as a result of the proposed 
acetylation is far greater than that of DAPAP. For example, their 
(4) proposed linear relationship states that about 6 moles of SA 
are formed as a direct result of the formation of 1 mole of DAPAP. 
These results, however, are not in agreement with the proposed 
acetylation of APAP by ASA when it is considered that the for- 
mation of 1 mole of DAPAP is expected to be accompanied by 
the formation of 1 mole of SA. 


An approximate estimation (semiquantitative TLC examination) 
of the DAPAP in commercial APAP (Table I) indicated that the 
level of DAPAP is within the range of 1.1-1.3%. 


It is interesting to note that when APAP, with or without 2 z  
DAPAP (Table II), was subjected to the same treatment as the previ- 
ous mixtures, the destruction of DAPAP present in the moist 
sample held at 45" was complete within 6 weeks. Moreover, no 
color deterioration was observed. 


Tablets-p-Aminophenol was detected (6) in very small amounts 
(less than 0.005 %) in tablets containing acetaminophen, but was 
not detected in tablets containing phenacetin. Tablets containing 
acetaminophen (codeine phosphate or caffeine present) held at 45 O 


in a humid atmosphere discolored or developed a mottled appear- 
ance after about 4 days. 


In view of these discolorations, an examination of the color 
changes taking place in the powder mixtures discussed above in 
the Powders section of Results and Discussion is of interest. 


None of the mixtures containing phenacetin (Table I) and held 
at  room temperature showed any color deterioration, while at 45" 
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Table IV-Summary of Main Observations 
~ ~~ 


DAPAPa 
Hydrolysis, 


Formation Complete 
APAP Mixture, APAP Mixture, ---Color Deteriorationu- ASA Hydrolysis, 


DAPAP Phenacetin DAPAP Phenacetin APAP and Phenacetin 
Absent Mixture Present APAP Mixture Mixture Mixture 


Suspensions 
Mixtures 


dry 
humid 
moist 


Tablets humid 


Suspensions 
Mixtures 


humid 
dry 


moist 


Tablets humid 


No 


No, 6 months 
No 
No 


- 


No 


No 
No 


No 


At room temperature, about 25 


No No Darkening, 6 months 


No, 6 months No, 6 months No 
No No No 
No No Slight 
No No Negligible, more than 


At 45" 
2 months 


No Yes Excessive darkening 


No No No 
No Yes Noticeable mainly in 


the presence of co- 
deine phosphate or 
caffeine 


No Yes, 2 weeks Excessive darkening 
of all mixtures 


No No Rather dark and 
mottled appearance 


No Greatly increased 


No Negligible 
No Slight 
No Greatly increased 
No Slight, more than 2 


months 


Slight Complete 


No Very slight 
No Greatly increased 


Slight Almost complete 


Slight Greatly increased 


Observations carried out for a period of 2 months, unless otherwise stated. 


only the moist ones showed a very slight deterioration. These results 
are different in many respects from those obtained from mixtures 
containing APAP. 


At room temperature all APAP mixtures showed no color de- 
terioration except for the moist mixtures containing caffeine, 
which turned light yellow. 


At 45" the dry mixtures showed no color deterioration. Of the 
humid mixtures, those containing codeine phosphate or caffeine 
became slightly red initially with subsequent darkening of the 
color. This deterioration was more pronounced in mixtures con- 
taining codeine phosphate and SA (Table 11). On the other hand, 
all the moist mixtures turned dark brown and eventually black 
due mainly to the oxidative degradation ofp-aminophenol produced 
from the hydrolysis of APAP, as was observed in the case of the 
suspensions already discussed. 


For comparative purposes, therefore, mixtures containing p-  
aminophenol instead of APAP (Table 111) were prepared and ex- 
amined in the same way as was done above. Color deterioration of 
these mixtures took place within a day or two, even at room tem- 
perature. They were examined periodically by TLC and compared 
with the moist acetaminophen mixtures, because the darkening of 
the color was similar in both these groups. The results showed 
that the darkening of the color of the samples of both groups was 
due to yellowish, dark brownish, and to some extent reddish prod- 
ucts (Fig. 26). They also showed that PAP can be acetylated by ASA 
with the formation of APAP and that its oxidation was very 
pronounced in the presence of SA. However, no DAPAP could be 
observed under any conditions. 


Deterioration in the color of these mixtures greatly increases 
with temperature and moisture content, and sealed samples kept 
at room temperature did not show as many dark spots by TLC. 
It is worth noting, however, that acetylation of PAP to APAP by 
ASA takes place readily at room temperature also in the dry, 
humid, or moist mixtures. 
In view of the above findings, APAP (1 g.), ASA (1 g.), and SA 


( 1  g.), each containing codeine phosphate (40 mg.) or each contain- 
ing caffeine (150 mg.), were placed at 45" in a humid atmosphere 
(above water in a desiccator) for 12 weeks. The color of the mix- 
tures containing APAP deteriorated faster than those containing 
ASA or SA. Even codeine phosphate or caffeine kept at 45" and 
in humid atmosphere on their own showed a color deterioration. 


On the other hand, when these mixtures were heated at 45" for 
the same period of time in sealed vials, i.e., in a rather dry at- 
mosphere, no color deterioration could be observed. 


It is, therefore, suggested that color deterioration in APAP 
tablets, kept under accelerated storage conditions, may be due 
partly to interactions between the codeine phosphate or caffeine, 
if present, with the other components or breakdown products in 
the tablets, and partly to the oxidative degradation of p-amino- 
phenol formed from APAP. 


SUMMARY AND CONCLUSION 


A summary of the main observations is presented in Table IV. 
From the results it can be seen that acetylation of acet- 


aminophen to 0,N-diacetyl-p-aminophenol by acetylsalicylic acid 
is not evident under the conditions examined and that the 
stability of the pharmaceutical preparations containing acetamino- 
phen decreases rapidly with increase in their moisture content and 
temperature. Furthermore, when the moisture of these prepara- 
tions is kept to the minimum possible level (without any special 
drying of the ingredients), their stability is greatly improved. It is, 
therefore, recommended that such preparations be kept in a dry 
atmosphere in order to increase their stability during storage. 
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Table I-Onset and Duration (Time in Minutes) of Buffering Action following Administration of Gastric Antacid Preparations in 
Human Subjects as Recorded by Heidelberg Capsule Telemetry 


-Antacid A-Suspension---- -Antacid B-Suspension- --Antacid C-Suspension-- /-Antacid D-Tablet--- 


Subject Onset” Duration ject Onset tion ject Onset tion ject Onset tion 
Sub- Dura- Sub- Dura- Sub- Dura- 


1 
2 
3b 


1 
1 
0 


2d I 3 
13d 3 5 
0 5 9  


40 1 31 
24 5 1 
8 d  l o b  0 


>16 1 2 
12 12b 0 
0 13 1 


> 46 
0 
6d 


5 6 l i d  6 1 11 11 37 >I0 15 3 Id 
6 7 > 40 7 2  2d 12 2 >40 18 7 2d 
7“ 43 > 4  10 3 2d 14 7 28 
9 1 1 0 d  11 7 8d 15* 0 0 


10 5 4d 12 1 22d 16 1 34 
11b 0 0 17 27 > 20 
12 2 > 46 18 25 >22 
13 4 4d 19 29 4 
Average 3.4(n = 8) 3.9(n = 8) 17.8(n = 9) 3.3(n =4) 


a Gastric pH >3.0. b No response, subject not included in calculation of average value. c Atypical response, subject not included in calculation of 


onset 


average value. d Gastric pH nonrecordable after indicated time. 


readily detectable. The apparent in vivo “failure rate” 
(14 %) encountered in this study was, however, less than 
the approximately 5 0 2  “failure rate” found by other 
investigators (2) who examined capsules of an earlier 
design under essentially similar conditions (ix., un- 
restrained device in subjects sitting erect). 


Considering the amount and composition of the 
antacid formulations used in this study, an initial rise 
in gastric pH following ingestion of any of the four 
preparations may be considered a predictable phenom- 
enon. This applies also to  those individuals who may 
have been subject to  gastric hyperacidity at the time of 
antacid administration. That a pH rise was not detect- 
able in some cases is consistent with the assumption of 
in vivo capsule failure. Transmitter failure in certain 
cases may have been attributable to  location in the 
stomach, i.e., the device may have lodged in an area of 
the mucosa whereby contact of the sensor with the 
gastric contents was prevented or impaired. 


Evaluation of the data obtained in those cases where 
transmission of gastric pH values was confirmed sug- 
gests that the duration of the buffering action of ant- 
acids cannot be measured reliably by this technique. 
Approximately 40% of the capsules used in this in- 
vestigation ceased normal transmission shortly after 
signaling onset of antacid-induced elevation of gastric 
pH. In view of the observed rapid increase in the gastric 
pH of fasted subjects to  values which exceeded the 
capsule range (pH above 7), it is presumed that those 
capsules were emptied from the stomach together with 
the gastric contents. Emptying of the stomach is 
often accelerated by significant elevations in gastric pH 
(3). The capsule may be retained in the stomach for an 
arbitrary period by securing one end of a measured 
length of string to  the capsule and the other end to 
the teeth after swallowing the transmitter. Since at- 
tachment of a restraining device would create an arti- 
ficial situation in which the location of the capsule 
would be unrelated to retention of antacid in the stom- 
ach, it was not employed in this investigation. 


The results of this investigation suggest that the in 
vivo performance of the modified Heidelberg tele- 
metric capsule is not completely dependable. It may 


be considered a convenient and useful device for moni- 
toring changes in gastric pH in the period immediately 
following administration of antacids whose buffering 
activity is qualitatively predictable. Duration of ant- 
acid-induced buffering effect could not, under the 
conditions of this study, be accurately ascertained, due 
possibly to acceleration of gastric emptying and con- 
sequent ejection of transmitter from the stomach. 


(1) E. W. Packman, unpublished data. 
(2) R. Brogle, personal communication, May 1969. 
(3) J. M. Marcussen, Acru Med. Scand., 172, 451(1962). 
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Formulation of a Morphine Implantation 
Pellet Suitable for Tolerance-Ph ysical 
Dependence Studies in Mice 


Keyphrases 0 Pvlorphine implantation pellet, formulation-toler- 
ance, physical dependence studies 0 Dependence studies-mor- 
phine pellet formulation 0 Cellulose, microcrystalline-implanta- 
tion pellets 


Sir: 


There is considerable current interest in the study of 
morphine addiction, tolerance, and physical depen- 
dence. When using laboratory animals (e.g., mice) for 
such studies, an essential part of the procedure is 
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administering the morphine in such a way that the 
animals receive adequate doses of the drug at frequent 
enough intervals to reach and maintain the desired 
levels of tolerance and physical dependence. This can be 
done by repeated daily injections, but this consumes too 
much time, both in administering the doses and in the 
time (weeks) it takes for tolerance and dependence to 
develop. A more convenient alternate procedure is to  
implant a pellet of morphine subcutaneously, thus 
allowing a continual gradual release of the drug. 
Maggiolo and Huidobro (1) have reported such a 
technique utilizing a pellet of pure morphine base 
compressed at high pressure. While this pellet proved 
useful for their studies, it released drug very slowly 
(25 


Way et al. (2, 3 )  produced morphine tolerance and 
dependence in mice by subcutaneously injecting in- 
creasing doses of morphine three times a day for 3 
consecutive weeks; but from a time-convenience stand- 
point, they were interested in using the pellet implanta- 
tion method. However, with the Maggiolo-Huidobro 
pellet, the mice developed the desired level of tolerance 
and dependence too slowly. By using a modified formu- 
lation developed by these laboratories, Way et al. 
could induce a high degree of tolerance and physical 
dependence in 2 or 3 days (the modified pellet 
released 25-50z of the drug in the first 2 days after 
implantation). Since the publication of the Way articles, 
we have received a number of requests for manufactur- 
ing details. Therefore, the purpose of this Communica- 
tion is to provide these formulation details pertaining 
to the experimental products utilized in the previously 
published paper emanating from these laboratories. For 
each tablet: 


of the dose in 8 days and 50% in 16 days). 


Morphine, purified powder 0.075 g. 
Microcrystalline cellulose (Avicel) 0.075 g. 
Fumed silicon dioxide (Cab-0-Sil) 
Calcium stearate 0.0015 g. 


0.00075 g. 


Directions : Screen the morphine, microcrystalline 
cellulose, fumed silicon dioxide, and calcium stearate 
through 60-mesh screen. Slug using 1.91-cm. (0.75-in.) 
FFBE punch and die, obtaining thin, firm wafers. 
Screen, No. 16 mesh, via Stokes oscillating granulator. 
Mix well in a twin shell blender. Compress via Colton 
tablet press model 330: 


Tablet weight 0.152 g. 
Tablet hardness 15 Strong-Cobb Units 
Tablet thickness 3 mm. 


Because of the possibility of particle segregation in 
the hopper of the tablet press, the slugging step was 
introduced. This is especially important in view of the 
small batch sizes produced. 


The determining factor in selecting microcrystalline 
cellulose as the diluent was the desire to control pellet 
density or hardness. Because morphine is soluble in 
tissue fluids and cellulose is not, it is reasonable to 
expect that, after some initial rapid release of the drug, 
the absorption rate would become constant as soon as 
the material at the surface of the pellet has dissolved. 
While it is quite possible that other materials could also 
give the desired effect, the microcrystalline cellulose 
was chosen because: (a) it is easily compressed to varying 


degrees of density while providing a physically stable 
pellet; (b)  it proved a satisfactory vehicle for providing 
a reasonably constant absorption rate for the drug; 
and ( c )  its physical characteristics are such that after 
5 days’ implantation the pellet remained as a semisolid 
palpable mass, facilitating easy removal from the 
animal. 


This work suggests that microcrystalline cellulose is a 
possible vehicle for long-term implantation pellets for 
human use, provided, of course, it proves to be safe from 
a toxicity standpoint. Preliminary information suggests 
that microcrystalline cellulose may be relatively in- 
nocuous since implantation of pellets in mice containing 
no morphine elicited no overt toxic effects. Whether or 
not the body can adequately eliminate the cellulose 
from the tissues remains to be seen. 


(1) C. Maggiolo and F. Huidobro, Acta Physiol. Lat. Amer., 


(2) E. L. Way, H. H. Loh, and F. Shen, Science, 162,1290(1968). 
(3 )  E. L. Way, H. H. Loh, and F. Shen, J. Pharmacol. Exp. 


11,70(1961). 


Ther., 167, l(1969). 
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Rearrangement of Chloramphenicol- 
3-monosuccinate 


Keyphrases a Chloramphenicol-3-monosuccinate-rearrangement 
0 Chromatography, liquid-liquid, thin-layer-separation, an- 
alysis 0 NMR spectroscopy-structure 0 Optical rotatory dis- 
persion-identity 0 IR spectrophotornetry-structure 


Sir : 


Investigation of the behavior of aqueous solutions of 
chloramphenicol-3-monosuccinate (I) indicated that at 
pH’s near neutrality the compound is incapable of in- 
dependent existence but rather exists as an equilibrium 
mixture of itself and a different molecular form. This 
report concerns the isolation and characterization of 
the rearranged compound. Details of the chemistry 
of this process will be reported in a subsequent com- 
munication. 


Components of the equilibrium mixture were sepa- 
rated by reverse phase liquid-liquid chromatography 
using a fatty acid N,N’-dimethylamide‘ on silanized 
diatomaceous earth2 as stationary phase and 0.05 N 


1 Hallcomid M-18, The C. P. Hall Co., Akron Ohio. 
2 Celite 545, Johns-Manville, New York, N. Y. 
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Sedimentation Kinetics of Flocculated Suspensions 11: 
Sedimentation below the Critical Height 


J. THURQ) CARSTENSEN” and KENNETH S. E. SU 


Abstract 0 Aside from the phenomenological equation by Egolf 
and McCabe and by Robinson, no attempts have appeared in 
literature in the past to quantitate terminal sedimentation char- 
acteristics of flocculated suspensions. The physical factors involved 
are suggested here, taking into account electrical effects and geo- 
metric factors contributing to friction. The equation of settling 
emerges as a linear combination of exponential decays-uiz., 
[x - H,] = AIe-Wir + A2e-W*rr where x is the height of thesedi- 
ment at time T, H ,  is the final height, and A and w are constants. 
From the data it would appear that the friction, B, exerted is both 
viscosity (7) and dimension ( R )  dependent and of the form B(7,R) = 
r . e h r R ,  where p, 6, and r are system-dependent constants. 


Keyphrases 0 Sedimentation kinetics-flocculated suspensions, 
equations Kinetics, sedimentation, flocculated suspensions- 
critical height, equations derived Suspensions, flocculated-sedi- 
mentation kinetics, equations 


Sedimentation of flocculated suspensions has been 
the subject of several publications in the past (1-12); 
such systems have been shown (1, 7, 9-13) to sedi- 
ment first at a rapid rate, primarily governed by gravita- 
tional and frictional forces. At a particular, well-repro- 
ducible point, the rate changes abruptly, and further 
sedimentation appears to be governed by forces over 
and above those just mentioned. With a few exceptions 
(1, 3, 13), all of the cited references attempt to modify 
Stokes’s law to explain experimental data. In no case 
[except indirectly by Robinson (7)] has cognizance been 
taken of interparticle forces in relation to sedimentation 
rates. 


Since the authors are dealing with the phase of sedimentation 
which occurs at a critical height, Ho, it may be advantageous, at the 
onset, to use a coordinate system slightly different from the one cus- 
tomarily used. Usually the position of the boundary is measured from 
the bottom of the tube and denoted x; time, t ,  is measured from the 
time sedimentation starts. Here, if the height Ho occurs at time t o ,  
the position and time axes arechosen with the points to and HO as the 
origin. Distance is now denoted y (y = HO - x), i.e., positive in down- 
ward direction and positive for the times r (T = t - to) in question. It 
shall be assumed that the center of gravity of the sediment is at one- 
half the height of the boundary of the sediment, i.e., its position is y 
= H0/2 originally, and at timer it is HO - x f x/2 = Ha - x/2 = y. 


The forces exerted on the sediment are gravitational forces, 
frictional and reactional forces, and forces that are electrical in 
nature. The gravitational force is in the y-direction and of magni- 
tude M [ l  - (po/p)]g,  where p and pa are the densities of solid and 
liquid, M is the mass of the sediment, and g is the gravitational 
acceleration. The frictional and reactional forces are in a direction 
opposite toy  and must be related to viscosity and to wall and bottom 
effects, i.e., to the geometry of the vessel. The functional relation- 
ship is not equated to 67rqr, nor is an attempt made at this particular 
point in the development to formulate the diameter dependency, 
but the force is described as a velocity-dependent [- B(~,R)dy/&l 
and a velocity-independent [ - +(R)] component. The electrical force 
is assumed to be a repulsion (i.e., in a direction opposite to the 
direction of the y-axis) and with regard to magnitude it is assumed 
to increase the closer the floc-aggregates are to one another; they 
are related to distance between flocs which in turn is related to the 
liquid volume of the cake, i.e., ?rR2(x) - 4nr3n/3, where R is the 
radius of the tube, and where N is the number and r the “radius” 
of the floc-aggregates. These forces are assumed to be of the form 
8y. The sum of all the forces then equals the mass of the sediment 
times its acceleration, i.e., 


The treatment to follow deals with the second phase of 
sedimentation of flocculated suspensions of intermediate This may be rewritten 


concentration, and attempts to account for the effect of 
such forces. 


As shall be shown the final sedimentation pattern 
follows a linear combination of exponential decays. No 
previous treatment has led to such a pattern for the 
second stage of sedimentation or to the type plot en- 
countered in concentrated suspensions, although the data 
in several examples in literature (2, 6, 7, 9)  imply such 
a relationship. 


THEORETICAL 


London-van der Waals forces (14, 15) are responsible for the 
stability of the flocculated state, and in general, at small separations, 
the potential energy between two particles will be negative. At 
intermediate distances (1&19), however, the potential energy 
becomes positive because of the repulsion of double layers. Since 
the true charge of the particle surface cannot be determined by 
experiment, quantitation of such forces is difficult, and the upper 
limit for distances over which these forces will be effective cannot be 
stated u priori. 


1 A sizable amount of information regarding interparticle forces has 
been obtained by rheological approaches, notably the studies by 
Higuchiand Stehle (25), Gillespie (26,27), Goodeve (28), and Vand (19). 


It is apparent from inspection of Eqs. 1 and 2 that 


is a particular solution to the differential equation. The remaining 
solutions are obtained by inserting an expected solution of the form 
y = --A.e-w‘ into the homogeneous equation corresponding to 
Eq. 2. This yields: 


When the expression in brackets is equated to zero, Eq. 3 is satis- 
fied; the characteristic roots are: 


The roots shown in Eq. 4 may be simplified if B(q ,R) /M >> 
8/B(q,R) in which case they are: 
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Figure 1-Graph showing the method for determining the critical 
height (Ho) in a 5.54-cm. i.d. tube, 10% u/v glycerin and I1 % w/o 
kaolin, and the critical time (to). 


and 


The complete solution, in terms of y ,  is: 


- - A1! . e -w ,~  - Azl.e-u2r (Eq. 7 )  
8 Y =  


where the exponents in Eq. 7 have the meaning denoted in Eqs. 5 
and 6. It is noted that y* = M[1 - po/p]g - +(R)/t9 corresponds 
to y m  by virtue of Eq. 7, and, therefore, is related to H,, the ulti- 
mate height, by the relation y m  = y* = Ho - H,/2. Inserting this 
into Eq. 7 and rearranging, yields: 


x - H,, = Ale-wiT + A2e-027 (Eq. 8) 


where A ,  = ZA,' and Az = 2A2'. 
It is apparent from Eq. 8 that the terminal sedimentation pat- 


tern should be characterized by a linear combination of two expo- 
nential decays. By the assumption leading to Eqs. 5 and 6, 
w1 >> w2 and the first term on the right hand side of Eq. 8 should 
be predominant at small values of T and the last term should pre- 
dominate at high values of r. 


EXPERIMENTAL. 


A previously described setup and methodology (1)  were used: 
tubes 1.25 m. high, and of inside diameter 2.46, 2.72, 4.60, or 5.54 
cm. were used as sedimentation vessels. The exact inside dimension 
was determined for each tube by introducing known amounts of 
water and checking heights with a precision cathetometer. The 
system studied was an 1 1  % weight per volume kaolin2 suspension 
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Figure 2-Sedimentation curue of I 1  % w/v of kaolin in water in a 
tube of 5.54-cm. i.d. Duplicate points are shown. 


* Colloidal kaolin NF, lot No. 781603, Merck and Co., Rahway, N. J. 
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Figure 3-Sedimentation pattern in a tube of 4.60-cm. i.d. of an I 1  % 
w/u suspension of kaolin in 5 v/u glycerin solution at heights below 
the critical height, Ho. The left ordinate is aa'justed for final height, 
H,; the right ordinate axis shows the actual heights (x). The curw 
shown in full is the theoretical curue; lU.e-o.31T + 20.e~0.0~33~.  
The points shown are experimenfalpoin{s. 


in water, 5 % v/v glycerin, or 10 v/v glycerin. The suspensions were 
made in a Waring blender and transferred to the sedimentation tubes. 
The tops of the tubes were connected by means of a 24/40 ground 
joint to a stopcock, and after transfer, the stopcock was attached 
to the tube, and the suspension thoroughly deaerated by means of 
aspirator vacuum. Once deaerated, the tubes were turned end-over- 
end 10 times, the stopcock opened, the tube placed vertically and 
securely on a stand, and the position of the sedimentation boundary 
noted every 5 min.; timing intervals were made shorter when the 
critical height, Ho, was approached. This height, as well as the 
critical time, to, was then determined by graphical interpolation 
as shown in Fig. 1. Following this the position of the boundary was 
noted every 5 min. for 0.5 hr., and then hourly for 50 hr. (except 
for necessary schedule interruptions). Subsequently, the sedimenta- 
tion height was recorded twice daily until a point in time had been 
reached where less than 0.2 mm. change occurred in a 24-hr. 
period; this usually required 7-13 days. Each set was obtained in 
duplicate. All sedimentation heights were determined by means of a 
cathetometer, and readings were accurate to 0.1 mm. The tubes 
used were not jacketed, but the experiments were carried out in a 
constant-temperature room at 25 + 0.6". The viscosity of the super- 
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Figure &Decay pattern of 11 % w/v kaolin suspension in 5 u/u  glyc- 
erin solution at high time ualues where w2 and A2 predominate. 
Test was performed in a tube of 4.60-cm. i.d. The curues are separated 
by 0.1 and 0.2 logarithmic units as indicated. The plots demon- 
strate estimation of3nal sedimentation height prior to the time when 
it is reached. Key: 0 ,  H, = 27.3 cm. (scale minus 0.2); 8 ,  H, = 
27.8 em. (scale minus O.I) ,  and 0 H, = 28.4 cm. 
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Table I-Theoretical Sedimentation Curve for 11 Z w/v Kaolin in 5 %  v/v Aqueous Glycerin in 4.6-cm. i.d. Tubea 


1 0.8630-1 0.730 7.30 0.9903-1 0.9780 19.56 26.86 
2 0.7260-1 0.532 5.32 0.980151 0.9563 19.13 24.45 
3 0.5890-1 0.388 3.88 0.9709-1 0.9352 18.70 22.58 
4 0.4520-1 0.283 2.83 0.96 1 2-1 0.9146 18.29 21.12 
5 0.3150-1 0.207 2.07 0.95 15-1 0.8944 17.89 19.96 
6 0.1780-1 0.151 1.51 0.9418-1 0.8746 17.49 19.00 
8 0.9280-2 0.085 0.85 0.9224-1 0.8361 16.72 17.57 


10 0 . 6 3 W 2  0.043 0.42 0.903&1 0.8000 16.00 16.43 
12 0.35&2 0.023 0.23 0.883G1 0.7649 15.30 15.53 
14 0 . 2 m 2  0.018 0.18 0.8642-1 0.7315 14.63 14.81 
15 0.9450-3 0.009 0.09 0.8545-1 0.7164 14.33 14.42 
20 0.260 -3 0.002 0.02 0.8060-1 0.6398 12.80 12.82 
40 0.6120-1 0.4093 8.19 8.19 
80 0.224 -1 0.1675 3.35 3.35 


160 0.448 -2 0.0281 0.56 0.56 


A1 = 10 cm., w1 = 0.31 hr.-1, A2 = 20 cm., wz = 0.0223 hr.?. 


natant was checked after each experiment by means of an Ostwald- 
Fenske viscometer. 


RESULTS 


A typical sedimentation curve is shown in Fig. 2; the shape is 
of the same nature as the one described elsewhere (1); the scale is 
selected so as to show both the initial and the beginning of the 
second phases of sedimentation, and the characteristic point 
separating the two curves. Even with the scale used it is apparent 
that some slight curvature exists in the second phase. In proper scale, 
all of the sedimentation curves have the shape shown in Fig. 3 when 
x is plotted as a function of 7. 


Once the ultimate height, H,, is attained, a first estimate of the 
parameters wZ and A2 can be made, by using values of 7 higher 
than 15 hr. In this case (as seen in Table I) A z e - W 2 7 > >  Ale-'4~1' and 
Eq. 8 becomes [x  - Hu] = AZe-azr. The logarithmic form of this is 


(Eq. 9) 


An example of this is shown in Table I1 and Fig. 4. It should be 
noted that the final height may be estimated well in advance of its 
actual occurrence from linearity as opposed to curvature of this 
type plot. Estimated values were always within 0.5 mm. of the 
actual, experimentally determined, final height. 


By means of the estimates of Az and u2 the value of [x  - Hu] - 
A2e - W  can be determined at values of 7 less than 15 hr., so the two 


log [ x  - Nu] = - 3 2.3 + log A, (7 >15 hr.) 


other parameters may be estimated by rearrangement of Eq. 8: 


An example of this is shown in Table I11 and Fig. 5. By this plotting 
a better estimate of Az is obtained as shown in Fig. 5. The difference 
between this estimate and the original estimate was always within 
error of the graphical estimate in Fig. 4. With the estimates of A I ,  
WI, Az, and w Z ,  statistically best values may be obtained by computer, 
using iteration techniques (20-22). It should be noted, however, that 
graphical and manually generated estimates are quite good. Con- 
struction of the theoretical curve from the parameter estimates ar- 
rived at in Tables 11 and 111 and Figs. 4 and 5 is shown in Table 
I, and the curve drawn in full in Fig. 3 is taken from this table. 
It is quite obvious from the figure that the data fit the curve well. 
Averages of duplicate determinations of A1, WI, Az, and wz from all 
the sedimentation tests are listed in Table IV. 


DISCUSSION 


In not too concentrated suspensions the sedimentation pattern 
is characterized first by a settling pattern which is linear (9) or 
parabolic with time (1) caused, respectively, by free fall or constant- 
density plug descent (1, 9). Attempts to describe mathematically 
the phase that follows the initial settling have been made by Robin- 
son (7) and by Egolf and McCabe (13). Robinson found the de- 
pendency of the initial settling rates on concentration and then 


Table 11-Sedimentation Data for High Values of 7 when wZ and A2 Are the Predominant Terms 


Height, x ,  x - 28.4, log x - 27.8, log x - 27.3, log 
Hr. cm. cm. [x  - 28.41 cm. [x  - 27.81 cm. [x  - 27.31 


17.67 41.06 12.76 1.1059 13.36 1.1258 13.86 1.1318 
21.50 40.02 11.62 1.0652 12.22 1.0871 12.72 1.1045 
25.65 38.96 10.56 1 .0237 11.16 1.0477 11.66 1.0630 
30.42 37.88 9.48 0.9768 10.08 1.0035 10.58 1.0245 
34.20 37.12 8.72 0.9405 9.32 0.9694 9.82 0.9921 
42.70 35.56 7.16 0.8549 7.76 0.8899 8.26 0.9170 
47.22 34.87 6.47 0.8109 7.07 0.8494 7.57 0.8791 
53.98 33.90 5.50 0.7404 6.10 0.7853 6.60 0.8195 
59.30 33.23 4.83 0.6840 5.43 0.7348 5.93 0.7731 
66.70 32.32 3.92 0.5933 4.52 0.6551 5.02 0.7007 
75.23 31.51 3.11 0.4928 3.71 0.5694 4.21 0.6243 
82.30 30.93 2.53 0.4031 3.13 0.4955 3.63 0.5599 
90.18 30.39 1.99 0.2989 2.59 0.4133 3.09 0.4900 
98.90 39.90 1.50 0.1761 2.10 0.3222 2.60 0.4150 


107.12 1.70 
115.55 1.34 
132.23 0.92 
136.70 0.70 
155.12 0.52 
165.17 0.41 
176.93 0.32 
186.00 0.20 
193.50 0.19 
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Table 111-Sedimentation Data at Low Values of T~ 


[~-27.8-  [~-27.8-  [ ~ - 2 7 . 8 -  
Height, x, [x - 27.81, Q =  19.2Q13, 20Q1, 20.5Q1, 


cm. cm. cm. Hr. cm. cm. 0.00977 e--0.022Pr 


0 58.3 30.5 0 1 1 1 . 3  10.5  10.0 .. _. . ~~ 


0.27 56.55 28.75 0.9974-1 0.9940 9.67 8.87 8.37 
0.52 55.33 27.53 0.9950-1 0.9885 8.55 7.76 7.27 
1.30 52.87 25.07 0.9874-1 0.9714 6.42 5.64 5.16 
1.97 51.41 23.61 0.9809-1 0.9570 5.24 4.47 3.99 
2.47 50.56 22.76 0.9760-1 0.9463 4.59 3.83 3.36 
2.92 49.85 22.05 0.9717-1 0.9369 4.06 3.31 2.84 
3.48 49.15 21.35 0.9662-1 0.9252 3.59 2.85 2.38 
4.05 48.49 20.69 0.9607-1 0.9135 3.15 2.42 1.96 
4.52 48.01 20.21 0.9562-1 0.9040 2.85 2.13 1.68 
5.02 47.54 19.74 0.951 3-1 0.8939 2.58 1.86 1.42 
5.52 47.12 19.32 0.9465-1 0.8840 2.35 1 64 i 20 ~ .. . _. 


6.03 46.68 18.88 0.941 5-1 0.8740 2.10 1.40 0.96 
6.50 46.33 18.53 0.937&1 0.8648 1.93 1.23 0.80 
7.02 45.96 18.16 0.93 19-1 0.8549 1.75 1.06 0.63 
7.45 45.66 17.88 0.9277-1 0.8466 1.63 0.95 0.52 
8.03 45.32 17.52 0.9221-1 0.8358 1.47 0.80 0.39 
8.62 44.97 17.17 0.91 64-1 0.8249 1.33 0.67 0.20 
9.45 44.50 16.70 0.9083-1 0.9097 1.15 0.51 0.10 


Q Eleven percent w/v of kaolin in 5 v/v glycerin in a tube of 4.60-cm. i.d. 


applied these findings to experimental data; since in that context, 
the sedimentation volume represents a suspension of time-de- 
pendent concentration (disregarding the supernatant) the settling 
rates should constantly change in a predictable fashion. 


Egolf and McCabe suggested a phenomenological log-log re- 
lationship between absolute height and time for the phase follow- 
ing the initial settling. Ward and Kammermeyer (8) tested both 
models in different type systems (carbonates, silica, and magnesium 
oxide), and found fair agreement with regard to the shape of the 
curves, but large (2&40 %) quantitative deviations in the second 
phase of sedimentation. These authors concluded that the applica- 
tion of the approaches of Robinson (7) and Egolf and McCabe 
(13) is limited to prediction of settling of only such systems that are 
closely related to the ones used to  develop the appropriate equations 
and factors. Reflecting on the later findings that the initial settling 
is in the form of a constant-density plug (1, 9-11), it would appear 
that it may be erroneous to assume that the sediment may be viewed 
as a uniform suspension of constantly changing concentration; this 
may be the source of the cited quantitative deviations. 


The approach taken here is to account for the forces involved 
(even though all of them cannot be expressed explicitly a priori) 
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Figure 5-Decay pattern of I1 w/u kaolin suspension in 5% v/u 
glycerin solution at low time values where w, and A1 predominate. Data 
pertain to 4.60-cm. id .  tube. The plots demonstrate refinement of the 
estimate of A2. Key: A ,  A2 = IY.2 cm.; B, A2 = 20.0 cm.; and C, 
A2 = 20.5cm. 


and then to try to gain insight into them, quantitatively and qualita- 
tively, by way of experimental results. Experimental variation 
limits the number of conclusions that may be drawn from the A1- 
and wl-values. It will be noted from Table IV that the coefficient 
of variation for these two parameters is 5 % ;  this prohibits any 
conclusions that may be drawn regarding the viscosity dependency 
of w1 (and, therefore, also of B[?,R]). The data would imply that 
either w1 does not vary with changing R, or, possibly, it decreases 
with increasing R. 


On the other hand, w2 is quite reproducible (=!= 1 %); it appears 
from theresultsinTableIV that w2(  U ~ = ~ . [ B ( ~ , R ) ] - ~ )  decreaseswith 
both increasing R- and ?-values, and suggest the radial dependence 
of B(7,R) to be of the form efiR; in this case Eq. 6 takes the form: 


log w2 = log 0 - log C* - -?- R (Eq. 11) 2.3 


where C* is a constant. Figure 6 shows the data plotted in this 
fashion, and the plots are fairly linear; the slopes (calculated by 
least-squares fit of the data in Table IV) are shown in Table V, and 
are, as seen, fairly close to one another. 


The data in Table IV would also suggest the dependence of w2 on 
viscosity to be an exponential decay; if this is the case, then B(v,R) = 
r.ePR&; inserting this in Eq. 6 yields: 


If log up is plotted as a function of viscosity, four straight lines 
should result, one for each tube. The data plotted in this fashion 
are shown in Fig. 7. It is seen that fairly good linearity is exhibited, 
and the values of the slopes as shown in Table V are close to each 
other. Least-squares values of the intercepts from Figs. 6 and 
7 are also shown in this table. The intercepts in Fig. 6 should be 
[2 + log 0/r - (g.R/2.3)] and the intercepts in Fig. 7 should be 
[2 + log 0/r - (r.q/2.3)]. It is, therefore, possible to get a crude 
estimate of log [0/r] by means of the intercept values. Results of this 
type cahlat ion are shown in Table V and values derived from the 


Figure &Plot of the logarithm of the 
smaller characteristic root, at, as a 
function of the tube diameter. 0, 
0.89 cps.; 8,  1.05 cps.; Q, 1.20 cps. 
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Table IV-Value of A1, A2, wl, and w2 as a Function of Viscosity and Tube Diameter 


Glycerin, Viscosity, Radius, A1, cm. wl, hr.-l At, cm. w2, hr.-l 
7?3 v/v poises cm. +lo% *lo% *6% f l  z 


0 0.0089 1.23 4 .9  0.42 24.1 
- 1.86 10.3 0.38 16.0 
- 2.30 10.2 0.29 18.7 


0 
0 
0 - 2.77 8.2 0.13 20.0 
5 0.0105 1.23 6.0 0.41 31.2 
5 - 1.86 9.3 0.38 31.3 
5 - 2.30 10.0 0.31 20.5 
5 - 2.77 9.8 0.29 18.6 


10 0.0120 1.23 7.1 0.38 41 . O  


5 
5 


9.3 0.38 31.3 
- 2.30 10.0 0.31 20.5 
- 3 I1 9.8 0.29 18.6 


7.1 0.38 41 . O  
- 1.86 9 . 6  0.30 19.3 
- 2.30 8 .6  0.33 17.4 


10 
10 
I0 - 2.77 8 . 8  0.15 20.0 


0.0276 
0.0260 
0.0242 
0.0229 
0.0248 
0.0230 
0 I 0220 
0.0202 
0.0216 
0.0197 
0.0190 
0.0175 


Table V-Slopes and Intercepts from Figs. 6 and 7 


Slove Slooe 


R = 1.23 cm. 7 -0.36 0.77 0.  84-2a 
R = 1.86cm. 7 -0.40 0.78 0. 88-2a 
R = 2.30 cm. 7 -0.35 0.70 0. 82-2a 


q = 0.89cps. 6 -0.054 0.51 0.88-2' 
q = 1.05 cps. 6 -0.057 0.46 0.85-2' 
q = I .  20 cps. 6 -0.057 0.40 0.  84-2b 


T = 2.77 cm. 7 -0.39 0.71 0.86-2" 


a Based on an average value of pi2.3 = 0.055. b Based on an average value of (/2.3 = 0.37. 


two figures show acceptably good agreement, especially considering 
that they have been obtained from extrapolated figures (intercepts). 


This fact in combination with the linearity of the plots in Figs. 6 
and 7, the closeness of the values of the slopes, and the ad- 
herence of all the data to an equation of the type of Eq. 8 lends 
credence to the views presented here. 


It should be mentioned, qualitatively, that increasing concentra- 
tions tend to decrease (or mask) the values of AI, and that this 
parameter eventually is of such small magnitude that it can no 
longer be detected within experimental error. In the same vein, 
Ha becomes larger with increasing solids content and, eventually, 
at a critical concentration the initial constant-density plug phase 
will disappear, and at a second critical concentration, the A1-term 
will disappear. The entire sedimentation pattern will then be a 
simple logarithmic decay curve. The critical concentration for 
kaolin in 10% v/v glycerin in a tube of 2.5-cm. i.d. is 8-10 w/v 
percent. Data of this nature have been reported occasionally in 
literature in the past, the data by Haines and Martin (6) being a 
notable example. 


The final height, H,, as reported here, may still be subject to some 
decrease by consolidation processes such as described by Ratcliff 
(23,24). This phase has not been a subject of this investigation. 


SUMMARY 


The sedimentation of flocculated suspensions takes place in suc- 
cessive stages; the sedimentation phase following the initial phase 
has been studied and found, based on consideration of the forces in- 
volved, to be confined to follow the following equation: [x - Hu] = 
Ale-WiT + AzecW2'. Experimental data have supported the presented 


Figure I-Plot of the logarithm of 
the smaller characteristic root, w2, 
as a function of viscosity. Key: 0, 
2.46-cm. i.d. tube: 8, 3.72-cm. i.d. 
tube; 8,  4.60-cm i.d. tube: and (3, 


N !:pi$ 5.54-cm. i.d. tube. 


0.9 1.0 1.1 
VISCOSITY, cps. 


concepts and suggest that the frictional term in the equation of 
motion is of the form B(q,R) = r.epRer?. 


NOMENCLATURE 


preexponential factors in descent of sedimentation 


viscosity dependent component of frictional force 
preexponential factor for radial dependence of wz 
gravitational acceleration 
critical height 
mass of sediment 
radius of floc 
radius of tube 
time measured from start of sedimentation 
critical time 
height of sedimentation boundary above bottom of 


distance of sedimentation boundary from critical 


y-value at infinite time ( = Ho - HJ2) 
viscosity independent component of frictional force 
density of fluid 
density of suspended solid 
time measured from critical time ( = t - to) 
exponential factor to radial dependence of w z  
preexponential factor to radial dependence of wz 
dimensional factor in electrical repulsion term 
exponential factor to viscosity dependence of wz 
exponential decay constants in descent of sedimenta- 


boundary 


tube 


height (= HO - x/2) 


tion boundary 
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Cholesterol Biosynthesis and Lipid Biochemistry in the 
Scolex of Echinococcus granulosus 


GEORGE A. DIGENIS”, RALPH E. THORSONT, and ARPINE KONYALIAN 


Abstract 0 When live scolices of Echinococcus grunulosus were in- 
cubated with labeled mevalonate in vitro, no radioactivity was in- 
corporated into the parasites’ cholesterol fraction. However, labeled 
cholesterol was recovered after a scolices’ homogenate was in- 
cubated with 4-14C-cholesteryl acetate. It is suggested that the 
scolex of E. grunulosus is unable to biosynthesize cholesterol and 
that it obtains cholesterol in an esterified form from the host, which 
is subsequently hydrolyzed within the scolex to free cholesterol. 
The fatty acid content of E. granulosus was examined by gas- 
liquid chromatography. 


Keyphrases Echinococcus granulosus scolices-cholesterol bio- 
synthesis 0 Cholesterol biosynthesis-E. grunulosus scolices 0 
Lipid biochemistry-E. grunulosus scolices 0 Hydrolytic activity, 
E.  granulosus scolices4-14C-cholesteryl acetate 0 TLC-separa- 
tion 0 GLC-identity Scintillometry-analysis 


It is a well-known fact that, in vertebrates, cholesterol 
is biosynthesized from acetate or mevalonate. In many 
insects, however, radioactive acetate or mevalonate is 
not incorporated into cholesterol; some insects do not 
even synthesize squalene, the noncyclic precursor of 
sterols (1, 2). 


In 1954, Butenandt and Karlson (3) first isolated 25 
mg. of ecdysone, the molting hormone, from 500 kg. of 
silkworm pupae. The compound [shown later to be a 
steroid (4)] was effective in accelerating molting, even in 
quantities below 7.5 X mcg., when injected into 
ligated fly abdomens. In 1963, Karlson and Hoffmeister 
( 5 )  demonstrated the incorporation of radioactivity 


from tritium-labeled cholesterol into ecdysone in 
Calliphora larvae, indicating that cholesterol is a pre- 
cursor to ecdysone. Clark and Bloch (6) showed that 
95% of the dietary cholesterol in the beetle Dermestes 
uulpinus could be replaced by p-sitosterol for structural 
utilization, but 5 %  of it remained essential for meta- 
bolic function; Clayton (7), working with the cockroach 
Blattella germanica, obtained similar results. According 
to Karlson (8), only a small part of the cholesterol in- 
jected into insects was converted to ecdysone; the major- 
ity still fulfilled cellular functions. Smissman et al. (9) 
isolated dehydroepiandrosterone, pregnenolone, and 
progesterone as the products of normal insect metabo- 
lism of dietary sterols in the confused flour beetle, 
Tribolium confusum. Horn et al. (4) isolated crustecdy- 
sone from crayfish, a compound which proved to be 
both chemically and biologically similar to ecdysone. 
Carlisle (lo) demonstrated the biological activity of 
extracts from crabs, copepods, and locusts on the im- 
mature shore crab Carcinus maenas, indicating the pres- 
ence of a common set of interactive ecdysones in 
crustaceans and insects. 


The hormone that has an effect opposite to that of 
ecdysone on the molting stages of insects was first 
isolated from the abdomens of Cecropia males by 
Williams (1 1). Karlson and Schmialek (12) injected 
extracts of the excretions of the beetle Tenebrio molitor 
into mature larvae of the same species and noted the 
retardation of pupation in 88 % of the treated larvae. In 
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Normal and Promoted Gastrointestinal Absorption 
of Water-Soluble Substances I: Induced Rapidly 
Reversible Hyperabsorptive State in the 
Canine Fundic Stomach Pouch 


W. W. DAVIS, R. R. PFEIFFER, and J. F. QUAY 


Abstract 0 Certain surface-active agents placed in a Thomas 
canine fundic pouch in buffered solutions influence the absorption 
of soluble drugs (antibiotics). Such agents induce a rapidly rever- 
sible hyperabsorptive state of the organ, resulting in blood levels 
of absorbed drug many times greater than control values. Effective 
surface-active agents may be nonionic, anionic, or zwitterionic. 
The influence of the surface-active agent is upon the organ and not 
upon the drug, as evidenced by the efficacy of the absorption 
promoter when it is employed and removed before the drug is 
introduced. 


Keyphrases 0 Absorption. antibiotics-surfactant effect 0 Sur- 
factant effect-antibiotic absorption 0 Gastric fundus pouch, 
dog-absorption, antibiotics 0 Plasma levels-antibiotics 
Microbiological analysis-plasma, antibiotic concentration 


Detergents and bile salts interfere with the normal 
barrier to the movements of Na+, K+, and Hf in the 
gastric mucosa (1). Many other reports in the literature 
describe examples of surface-active agents having a 
marked effect, either positive or negative, on passage of 
molecules through physiologic barriers (2-8). 


Most of these observations, however, deal with trans- 
location of substances under conditions complicated 
by insolubility of the compound (6),  involvement of 
active transport processes (7, 8), or interaction of the 
surface-active agent with the penetrating species (4, 5). 
These complications prevent formulation of conclusions 
concerning the general nature of the influence of sur- 
factants on the absorption of drugs from the gastro- 
intestinal tract. 


This and subsequent reports present observations re- 
garding the general nature of the effects of surfactants 
on the absorption of drugs from the gastrointestinal 
tract. By restricting these studies to  soluble drugs, the 
authors avoid variability due to differences in wetting, 
solubilization, and dispersion. In this initial study, the 
gastric fundic mucosa was used as a test membrane to  
confine the observations to a relatively simple system. 
By sometimes exposing the tissue first to  surfactant and 
subsequently to  the drug, the authors were able to sep- 
arate the effects of surfactant-membrane interactions 
from those of surfactant-drug interactions. 


Parenteral antibiotics were chosen for specific study 
because this class of drugs is readily detected in the 
blood by known quantitative methods. These com- 
pounds, furthermore, are ordinarily not well absorbed 
from the gastrointestinal tract. Their absorption in 
significant amounts would therefore be easier to dem- 
onstrate and be of greater practical interest than if the 
enhanced absorption of an already well-absorbed drug 
was the subject of study. 


EXPERIMENTAL 


Dogs were surgically prepared with Thomas-type pouches of the 
gastric fundus several months prior to the experimental period. 
Catheter access to the pouch permitted ready introduction and 
removal of solutions containing conditioning agents and drugs, 
either together or separately. 


Dogs were fasted overnight before use so that observed gastric 
acid secretion was minimal. The secretory state, in addition to 
causing undesirable fluctuations in the pouch contents, was ob- 
served to oppose absorption where such absorption had been 
previously observed in the absence of secretion. In the early experi- 
ments, whenever the pouch contents were observed to be acidic, 
the animal was made nonsecreting by giving it 3 mg. of an anti- 
cholinergic drug‘ orally 30 min. before the experiment. This treat- 
ment had no apparent effect on either control or experimental 
results. To prevent the occasional inconsistencies attributable to 
the secretory state and to reduce the number of experimental 
variables, the treatment was subsequently made routine. 


Solutions of sodium cephalothina in pH 7.0 sodium phosphate 
buffer, with varying amounts of POE-2Ccholesterol ether,3 were 
placed in the pouch of a dog and replaced at approximately 40-min. 
intervals with a fresh solution. Heparinized samples of peripheral 
venous blood, removed periodically by venipuncture, were centri- 
fuged; the plasma was assayed for microbiological activity of 
cephalothin by standard disk-plate tests. 


RESULTS AND DISCUSSION 


Absorption of cephalothin from the gastric pouch was promoted 
by the presence of POE-2Ccholesteryl ether. The plasma antibiotic 
level achieved was dose responsive to the pouch concentration of 
this nonionic surface-active agent (Fig. la) at constant antibiotic 
concentration. 


Absorption of cephalothin from the gastric pouch under the same 
conditions was also promoted by many, but not all, other surface- 
active agents (Table I). The absorption of cephalothin was dose 
responsive to the concentration of coadministered sodium lauryl 
sulfate (Fig. Ib), but with the limitations to be discussed. 


The absorption of cephaloridine,6 an antibiotic related to cephalo- 
thin but amphoteric in nature, was also promoted by the presence 
of POE-20-oleyl ether+; the extent of absorption was again 
dependent on surfactant concentration (Fig. lc). 


The relationships between surfactant concentration and rate of 
drug absorption in these experiments illustrate an important aspect 
of the action of the surface-active agents. The critical micelle con- 
centration (CMC) of sodium lauryl sulfate under comparable con- 
ditions is about 0.035% (12,13), corresponding to the concentration 
at which the absorption response to increased surfactant concentra- 


1 N- and &DL( l-Methyl-3-pyrrolidinyl)-a-phenyl-ol-(2-thienyl)glyco- 
late methyl bromide. Compound X in Reference 9. 


2 2-(Thiophene acetamido)cephalosporanic acid (1 0). 
3 Solulan C-24, American Cholesterol Products, Inc., Edison, N. J. 


PO€ is used as an abbreviation for “polyoxyethylene.” 
4 Cephalothin, methicillin, streptomycin, and penicillin G were 


assayed against Bacillus subtilis ATCC 6633. Cephalorjdine and. tylosin 
were assayed against Sarcina Zutea PC1-1001-FDA. Tetracycline was 
assayed against Bacillus megafherium. 


5 7 4 ~ -  (2-Thiophene)acetamido1-3- (1-pyridylmethyl) -3-cephem-4-car- 
boxylic acid betaine (1 I). 


Brij-98, Atlas Chemical Industries, Wilmington, Del. 
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Figure 1-Effkr of surfactant concentration on the absorption of cephalosporin antibiotics from the dog fundic pouch. Pouch contents: 25 ml. 
I % antibiotic und indicated concentration of surjactant, dissolved in isosmoIar sodium phosphate buffer, pH 7.0. The horizontal lines are drawn 
at the minimunz detection limit of the assay. Key: (a )  Absorption of cephalothin promoted by POE-24-cholesteryl ether; surfactant concentration, 
wjv: W, 0.0%; 0,  0.025 %; 0, 0.05%; A, 0.1 %; and 0, 0.5%. (b)  Absorption of cephalothin promoted by sodium lauryl sulfate; surfictant con- 
centration, wjv: m, 0.0%; D, 0.025%; 0, 0.05%; V, 0.2%; A, 0.4%; u n d o ,  0.8%. (c )  Absorption of cephaloridine promoted by POE-20-oleyl 
ether; surfactunt concentration, wlv: W, 0.0%; 0,0.15%; ~ , 0 . 0 3 1  %;A, 0.062%: V, 0.125%; A,  0.25%; undo,  0.5%. 


tion terminates. Therefore, the absorptive response to surfactant 
concentration develops only throughout the range in which the 
concentration of molecularly dispersed sodium lauryl sulfate is 
increasing. The absorptive response to nonionic surfactants (Figs. 
la  and l c )  occurs over a wider range of surfactant concentration, 
in keeping with the continued increase in concentration of the 
molecularly dispersed species above the CMC which is a character- 
istic of nonionic surfactants. This dose response to molecularly 
dispersed surfactant is in contrast to the ability of surfactants to 
solubilize water-insoluble substances, which depends on and is pro- 
portional to the amount of surfactant in the micellar phase. 


To characterize the onset of the hyperabsorptive state as a 
result specifically of contact of the stomach with the absorption 
promoter, POE-24-cholesteryl ether in buffered solution was placed 
in the pouch for periods from 5 to 60 min. and then removed. The 
pouch was rinsed several times with buffer (requiring about 5 min.), 
and then a solution of cephalothin (in buffer) without surfactant 
was introduced into the pouch. The resulting plasma levels of 
antibiotic activity rose more rapidly and to higher peak values 
as the duration of pretreatment with promoter was increased, 
demonstrating the gradual appearance of the hyperabsorptive 
state of the pouch with increasing time of exposure to the surfac- 


Table I-Effect of Various Promoters on the Absorption of Several Antibiotics from the Dog Fundic Pouch 


Peak Plasma Level of Drug, 
mcg./ml." 


Promoter" 
pH of Buffered Without With 


Antibiotic Promoter Pouch Contents Promoterb 
~~~ ~~ 


Methicilli n POE-24-cholesteryl ether 7.0 0.50 1.60 
Streptomycind POE-24-cholesteryl ether 7.0 2.3 10.0 


Tylosind POE-2Ccholesteryl ether 7 .0  0.10 1 .oo 
Cephaloridine POE-2Ccholesteryl ether 7.0 0.26 2.10 


Streptomycind POE-24-cholesteryl ether 3.0  0.20 2.80 
Tetracycline POE-2Ccholesteryl ether 2.3e 0.25 2.30 
Penicillin G POE-24-cholesteryl ether 7 .0  0.39 2.45 


Cephaloridine POE-32-cholesteryl ether' 7 .0  0.26 3.00 
Cephaloridine POE-20-cetyl ethergSn 7 .0  0.26 9.40 
Cephaloridine POE-10-stearyl etherg.' 7.0 0.26 3.85 
Cephaloridine POE-20-stearyl ethergsiIk 7 .0  0.26 2.50 
Cephaloridine POE-20-oleyl ether 7 .0  0.26 5.40 
Cephaloridine 3-Carboxy-N-(n-tetradecyl)pyridinium .HCIL 7 .0  0.26 2.75 
Cep haloridine Sodium lauryl sulfatem 7 . 0  0.26 1.65 
Cephaloridine Sodium lauryl sulfatem 4.0" 0.20 2.60 
Cephalothin POE-20-oleyl ether 7.0 0.10 2.40 
Cephalothin POE-2-stearyl etherr.0 7 . 0  0.10 0.14 
Cephalothin POE-X-stearyl ethergnp 7 . 0  0.10 0.20 
Cephalothin Polysorbate-40 7.0 0.10 0.22 


a The results are the highest value observed during 120 min. following administration to a single dog with and without promoter. * Pouch contents: 
25 ml. 1 antibiotic, 0.5 Z promoter, in isosmolar 
sodium phosphate, except as noted. d Concentration 2 %. 6 Isosmolar citric acid-HC!. ! Solulan C-32, American Cholesterol Products, Inc., Edison, N. J. 
s Atlas Chemical Industries, Wilmington, Del. h Brij-58. i Brii-76. i Brij-78. k Concentration 0.25 %. 1 Reference 16. m Concentratlon 0.20%. ISOSmOlar 
citrate-phosphate (sodium) 0 Brij-72. P Myrj 51.  


antibiotic in isosmolar sodium phosphate, pH 7.0, except as noted. c Pouch contents: 25 ml. 1 
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Figure 2-(a) Effect of duration of contact between POE-24-cholesteryl ether solution and the dog fundic pouch upon the subsequent absorption 
of cephalothin. Sequence of pouch contents: (1) 25 mL 0.5 % POE-24-cholesteryl ether in isosmolar sodium phosphate buffer, pH 7.0, for the in- 
dicated time of contact; (2)  three rinses with 25 ml. buffer; (3) 25 ml. I % cephalothin in isosmolar sodium phosphate buffer, pH 7.0 (without 
POE-24-cholesteryl ether), for 120 min. Plasma activity was followed for 120 min. Each poitit is the mean f SEM of the maximum levels from 
the number of experiments shown in bold numerals performed on each of two 21-kg. dogs. The horizontal line is the minimum detection limit of 
the assay. (b) Effect of recovery time on the hyperabsorptive state of the dog fundic pouch, the absorption of cephalothin after various time in- 
tervals between removal of POE-24-cholesteryl ether and introduction of cephalothin. Sequence of pouch contents: ( I )  25 ml. 0.5 % POE-24- 
cholesteryl ether in isosmolar sodium phosphate buffer, pH 7.0, for 40 rnin.; (2) three rinses with 25 mi. buffer; (3) pouch enzpty for indicated 
time; (4) 25 ml. I cephalothin in isosmolar sodium phosphate buffer, pH 7.0 (without POE-24-cholesteryl ether), for 120 min. Plasma activity 
was followed for 120 min. Each point is the mean + SEM of the maximum levels from the number of experiments shown in bold numerals per- 
formed on each of two 21-kg. dogs. The horizontalline is the minimum detection limit of the assay. 


tant. The effect increased with time of exposure to this promoter 
at this concentration up to about 40 rnin., as seen in the plot of peak 
antibiotic plasma levels against time of contact (Fig. 2a). This 
graph also shows that as little as 5 min. of contact with 0.5 POE- 
24-cholesteryl ether solution resulted in some promoted absorption. 


To quantitate the rate at which the fundic pouch loses the hyper- 
absorptive state after removal of the surface-active solution, 0.5 
buffered POE-24-cholesteryl ether solutions were maintained in the 
pouch for 40 min. and then rinsed out with buffer. Then a time 
was permitted to elapse before the cephalothin solution without 
surfactant was introduced (Fig. 26). As the elapsed time between 
removal of promoter and introduction of antibiotic increased, the 
maximum resulting blood levels declined rapidly. The peak plasma 


level obtained fell to one-half when the elapsed time was 25 rnin., 
and it fell below the detection limit when the elapsed time was 2 hr. 


This rapid recovery of normal absorptiveness, suggesting the 
rapid restoration of a normal barrier to diffusion, is in contrast 
to the persistent hyperpermeability associated with damage to the 
gastric mucosa caused by fatty acids and acetylsalicylic acid at low 
pH, as reported by Davenport (14). 
In addition to the observation that peak plasma levels of drug 


reach lower levels as the recovery time increases, other observa- 
tions provide evidence of the rapid reversal of the hyperabsorptive 
state and the return to a normal absorptive state after removal 
of the promoter. When the drug is placed without promoter in the 
preconditioned pouch, blood levels decline rapidly after an initial 
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sharp rise, implying that absorption continues only briefly in the 
absence of promoter in the pouch contents. 


The complete reversibility of this induced hyperabsorptive 
state and the absence of permanent damage in the Thomas pouch 
dogs used for almost daily experiments are indicated by the fact 
that they lost neither their characteristic control response nor their 
reactivity to promoters over the course of several years. 


These experiments clearly show that the surface-active agent 
acts on the organ rather than on the drug. The effect of surface- 
active agents in rendering the stomach hyperabsorptive toward 
water-soluble drugs is thus distinguished from the reported effects 
of similar agents on the absorption of poorly soluble drugs, which 
is commonly attributed to improved physical dispersion or rate of 
dissolution. 


All agents that the authors found to possess the ability to promote 
gastric absorption of drugs are surface-active agents, but not all 
surface-active agents are effective at the concentrations employed. 


The phenomenon of promoted absorption is not limited by the 
specific molecular nature or charge of the soluble drug (Table I). 
It also can be observed at low pH and is seen in presence of citrate 
or phosphate buffers of a range of concentrations and with isotonic 
sucrose when these solutions are used to dissolve the drug and 
promoter. 


The effectiveness of the surfactants in promoting gastric absorp- 
tion of cephalothin is poorly correlated with the hydrophile- 
lipophile balance of the surface-active agent and is not propor- 
tionate to the ability of the agent to lower the surface tension at an 
air-water interface. A general correlation was observed, however, 
between the effectiveness of a surface-active agent in promoting 
gastric absorption and its ability to lyse erythrocytes in uitro. 
This lytic action, to which erythrocytes are notoriously sensitive, 
is generally regarded as due to the accumulation of the surfactant 
molecules in the lipid membrane of the cell wall in a manner that 
causes loss of functional or physical integrity of the membrane. 


A high degree of order on a monomolecular or bimolecular 
leaflet level (15) is generally pictured as having an essential role in 
the maintenance of a barrier to passive diffusion across cell walls. 
The reversible changes in gastric absorption reported in the present 
paper are, the authors believe, the consequences of reversible 
alterations of this highly ordered barrier that accompany the addi- 
tion or removal of surfactant as described in these experiments. 


The hyperabsorptive state of the stomach epithelium is thus 
regarded as one in which interference with the diffusion barrier 
permits increased absorption of a wide variety of water-soluble 
substances placed in the organ. However, the net absorption (or 
excretion) of a substance by active transpoit processes may simul- 
taneously suffer from this reduction of the barrier to free diffusion, 
since the barrier is presumably operative in both directions and low- 
ering it would lend advantage to the flux opposite to the active 
transport. Indeed, some compounds used here as promoters have 
elsewhere been found to inhibit active transport processes (8,17). 
In this study, convenience of measurement has prejudiced the 


choice of drugs to antibiotics, and the authors have dealt with 
absorption from the dog fundic pouch only. The observations of 


promoted absorption of other drugs in the intact gastrointestinal 
tract, as well as in ligated segments of the gastrointestinal tract, 
of the dog and other animal species have confirmed the more 
general implications of this work to drug absorption? Such studies 
will be reported in following communications. 
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Partition of Alkylsulfates of Quaternary Ammonium Compounds: 
Structure Dependence and Transport Study 


FOTIOS M. PLAKOGIANNIS*, E. J. LIEN, CHARLES HARRIS?, and JOHN A. BILES 


Abstract The apparent partition coefficients (log K,,,., chloro- 
form-water) of 48 alkylsulfates of substituted quinolinium com- 
pounds and 19 alkylsulfates of substituted pyridinium derivatives 
were correlated with Bondi’s group contribution to the surface area 
(A, X lo9), Hansch‘s T constant, and Hammett’s u constant. The 
surface area of the ring substituent and the alkyl group appears to 
be the most important factor in governing the apparent partition 
coefficient. The kinetic study of the dialysis of nicotinic acid N- 
methyl iodide through Visking cellulose membrane showed an ef- 
fective rate constant of 1.6 X 10+ min.-’ in the first hour and a rate 
constant of 0.3 X min.-’ after the first hour. The in uitro 
intestinal absorption of four quaternary ammonium iodides was 
studied. It was found that the presence of equimolar concentration 
of sodium decylsulfate inhibited the transfer of the quaternary 
ammonium compounds. 


Keyphrases Quaternary ammonium alkylsulfates-apparent par- 
tition coefficients Partition coefficient correlation-Hansch’s 
T-, Hammett’s constants, Bondi’s group contribution surface area 0 
Intestinal absorption, in Girro-quaternary ammonium compounds 
0 Dialysis, kinetics-nicotinic acid N-methyl iodide 


In 1957-1959, Hogben et al. ( I ,  2) postulated that the 
gastric mucosa and intestinal blood barrier are essen- 
tially lipoid in nature and permit the passive diffusion 
of the unionized lipid-soluble form of a drug. Schanker 
(3) suggested that the absorption of organic ions might 
occur by a specialized transport process analogous to 
those which operate in transport of certain inorganic 
cations. He further suggested that the organic ions 
might penetrate the gastrointestinal blood barrier by 
the diffusion of the ions in the form of a less polar 
complex formed with some material normally present 
in the lumen. 


Levine et al. have studied the transport of quaternary 
ammonium compounds extensively (4-9). They attrib- 
uted the poor absorption to the formation of non- 
absorbable complexes with mucin. They also proposed 
that a phosphatidopeptide fraction allowed a more 
efficient absorption of certain quaternary ammonium 
compounds. Other mechanisms in addition to  passive 
diffusion were proposed by Levine (9). 


Although hundreds of partition coefficients have been 
reported for unionized molecules by Hansch et al. 
(10-13), relatively few data on the charged molecules are 
available in the literature (1 1 ,  14). Biles et al. showed 
that partitioning of organic ions into the organic layer 
from the aqueous layer could be increased by the addi- 
tion of organic ions of opposite charge and by the addi- 
tion of water-insoluble proton donor-type moIecuIes 
to the organic layer (15-17). 


The purposes of this report are to analyze quantita- 
tively which physicochemical parameter is most im- 
portant in governing the partition of the alkylsulfates of 
pyridinium and quinolinium derivatives, and to explore 
whether alkylsulfates would enhance the absorption 


of quaternary ammonium compounds by the small 
intestine. 


EXPERIMENTAL 


Synthesis of Quaternary Ammonium Iodides-The appropriate 
tertiary arylamine was reacted with an excess of methyl iodide to 
form the quaternary ammonium iodide according to the published 
methods (18). The precipitated crystals were isolated by filtration 
and recrystallized from methanol or ethanol. Ethyl ether was used 
as a washing agent. The melting points were checked for all the 
compounds synthesized and agreed with those recorded in the 
literature. 


Synthesis of the Alkylsulfates-The alkylsulfates were synthesized 
either by the method previously described (17) or by the method of 
Dreger et al. (19). 


Analysis of the Quaternary Ammonium Compounds-The analysis 
of the quaternary ammonium compounds was performed either by 
the method previously described (17) or by UV absorption (Amax. 
236-322 mp). 


Determination of the Apparent Partition Coefficients-The 
procedure used was identical with that used for the anticholergic 
compounds (17). The log Kapp. values (Tables I and 11) were ob- 
tained from the following expression (16) using the chloroform- 
water system: 


+ - LDD. 


c1 CZ c3 


B-Me(,,.) + SO,-OR(,,.) Me-B-SOt-OR(cacl,) 


Since the dielectric constant of water is 80.4 and that of chloro- 
form is only 4.8, the ion-pair formation in aqueous phase should be 
negligible as compared to that in the chloroform phase. It is known 
that highly polar solvents favor ionization. For example, dilute 
aqueous solutions of sodium chloride and sodium acetate will have 
practically 100% ionization. It was felt that the same assumption 
would be valid in the case of an alkylsulfate of quaternary ammo- 
nium compound (a salt of a strong acid and a strong base). 


Regression Analysis-The method of least squares was employed 
to derive the equations using a Honeywell-800 computer. The 


Table 1-Equations Correlating log K,,,. with the Substituent 
Constants 


n r  s Eq. 


For X-quinoliniun&Oa-OR 
log K,,,. = 0.496 (A,.lOg)x + 0.345 


fA..,.lO9R - 2.341 48 0.924 0.272 2 
log K,,,. = 0.49i (Aw:-lOg)x + 0.345 


(Aw.lOg)~ + 0.420 ux 
- 2.320 48 0.931 0.263 3a 


log Kapp. = 0.536 ?TX 4- 0.931 ?TR - 
0.582 ux - 1.227 48 0.831 0.401 4 


For X-pyridiniu&-SOp-OR 
log K,,,. = 0.169 (A,.lOg)x 4- 0.253 


log Kapp. = 0.479 T X  + 0.639 ‘KR f 
(A,-IOS)R - 1.366 19 0.981 0.130 5a 


0.934 ux - 0.561 19 0.967 0.175 6 
~~~ 


a Equation which is statistically most significant. 


Vol. 59, No. 2, February 1970 0 197 







Table 11-The Apparent Partition Coefficients of the Alkylsulfates of the Quinolinium Derivatives and the Physicochemical Constants 
Used in the Correlation 


XQJ S03--OR 


CHJ 


-Log Kapp.-- 
Obs. Calc: 


A, .  109 
of x ux 


A,. 109 
of R T R  X R 


2.79 
3.24 
3.78 
4.20 
2.98 
3.49 
3.93 
4.35 
3.05 
3.49 
3.95 
4.42 
3.13 
3.62 
4.06 
4.58 
3.79 
4.20 
4.66 
5.13 
2.98 
3.48 
3.99 
4.40 
2.86 
3.30 
3.78 
4.26 
3.02 
3.56 
3.98 
4.52 
3.31 
3.82 
4.29 
4.77 
3.13 
3.56 
4.04 
4.50 
3.29 
3.79 
4.21 
4.65 
4.65 
4.96 
5.45 
5.86 


2.52 
2.99 
3.45 
3.92 
3.12 
3.59 
4.05 
4.52 
3.11 
3.58 
4.04 
4.51 
3.15 
3.61 
4.18 
4.54 
3.75 
4.22 
4.68 
5.15 
3.21 
3.68 
4.14 
4.61 
3.08 
3.55 
4.01 
4.48 
3.35 
3.81 
4.28 
4.74 
3.37 
3.83 
4.30 
4.76 
2.77 
3.24 
3.70 
4.17 
3.52 
3.99 
4.45 
4.92 
3.96 
4.42 
4.89 
5.35 


0.78 
0.78 
0.78 
0.78 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
3.46 
3.46 
3.46 
3.46 
2.09 
2.09 
2.09 
2.09 
1.82 
1.82 
1.82 
1.82 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 
1.46 
1.46 
1.46 
1.46 
2.51 
2.51 
2.51 
2.51 
3.54" 
3.54 
3.54 
3.54 


0.00 
0.00 
0.00 
0.00 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
1 .OO 
1 .oo 
1 .OO 
1 .OO 
0.86 
0.86 
0.86 
0.86 
0.71 
0.71 
0.71 
0.71 


-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.67 
-0.67 
-0.67 
-0.67 


1.15 
1.15 
1.15 
1.15 
1.24 
1.24 
1.24 
1.24 


0.006 
0.00 
0.00 
0.00 


-0.14b 
-0.14 
-0.14 
-0.14 
-0.17* 
-0.17 
-0.17 
-0.17 
-0.08' 
-0.08 
-0.08 
-0.08 
-0.22c 
-0.22 
-0.22 
-0.22 


0.11c 
0.11 
0.11 
0.11 
0.11c 
0.11 
0.11 
0.11 


-0.24c 
-0.24 
-0.24 
-0.24 
-0.20c 
-0.20 
-0.20 
-0.20 
-0.204 
-0.20 
-0.20 
-0.20 


0.35" 
0.35 
0.35 
0.35 
0. 17" 
0.17 
0.17 
0.17 


12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 
12.92 
14.27 
15.62 
16.97 


4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 
4.50 
5.00 
5.50 
6.00 


H 
H 
H 
H 
2-CH3 
2-CH3 
2-CH 3 
2-CH 3 
4-CH3 
4-CH3 
4-CH 3 
4-CH 3 
6-CH3 
6-CH3 
6-CH3 
6-CH3 
2,6-(CH3)2 
2,6-(CH8)z 
2,6-(CH3)2 
2,6-(CH3)2 
6-Br 
6-Br 
6-Br 
6-Br 
6-C1 
6-CI 
6-C1 
6-C1 
6-OCH3 
6-OCHa 
6-OCH3 
6-OCH3 
8-OCH3 
8-OCH3 
8-OCH3 
8-OCHa 
8-OH 
8-OH 
8-OH 
8-OH 
2-1 
2-1 
2-1 
2-1 
2,3-(CH) 4 


2,3-(CHh 


2,3-(CH)a 
2 , 3 - ( c ~ ) ~  


~ ~ ~~ ~ ~~ ~~ ~~ ~~ 


a Calculated value using Eq. 3 .  b Using Hammett's u constant from H. H. JaEe, Chem. ReD., 53, 191(1953). c Estimated value. d Calculated from 
the pKa values of quinoline and 8-hydroxyquinoline, from A. Albert and J. N. Phillips, J.  Chem. Soc., 1956, 1294. e Calculated from 4 X 1.08 - 
0.78 for (CH)(-H. 


log KapD, values, Hansch's T constant (1@-14), Bondi's group con- 
tribution to the surface area (A, cm.2/mole X lo9) (20), and Ham- 
mett's c constant used in the analysis are assembled in Tables 11 
and 111. 


Protein-binding Studies and Kinetic Study of the Dialysis Through 
Artificial Membrane-The static dialysis method of Matsumoto 
et a[. (27) was adapted for these studies. Visking cellulose tubing 
(Visking Corp., Chicago, average pore size of 24 A.) was used to 
carry out the equilibrium dialysis for the binding of N-methyl- 
acridinium iodide and N-methyl-2,6-dimethyiquinolinium iodide 
by bovine serum albumin (2.5 X lops M> for a period of 24 hr. 
Before the binding studies were performed, the Visking tubing was 
hydrated by soaking it in refrigerated phosphate buffer (pH 6.7) 
overnight. After soaking, the bag was immediately refilled with 10 
ml. of buffer or buffered protein solution and then placed in the 
bottle which contained 25 ml. of a 6.67 X M solution of a 
quaternary ammonium salt in the same buffer. About a dozen 
assemblies were kept in the refrigerator during the period of dialysis. 
At specified time intervals, one of the bottles was removed from the 
refrigerator and the solutions were assayed for the quaternary 


ammonium compound, so no replacement or correction of the 
volume was necessary. 


Equilibrium time was established by subjecting four compounds 
(nicotinic acid N-methyl iodide, N-methyl-2,6-dimethylquinolinium 
iodide, N-methyl-2-chloroquinolinium iodide, and N-methyl- 
acridinium iodide) to dialysis. It was found that 24 hr. were suffi- 
cient for equilibrium to be established. 


A kinetic study was done on the dialysis of nicotinic acid N- 
methyl iodide and N-methylacridinium iodide for the first 6 hr. 


I n  Vitro Intestinal Transport of Some Quaternary Ammonium 
Compounds-Preliminary studies were performed on a limited 
number of N-methylquinolinium salts. Fasted, male Sprague Daw- 
ley rats weighing 21 5-307 g. were used. Each rat was anesthesized 
with ethyl ether. A midline incision was made and the intestine 
was removed and washed with normal saline solution. The intestine 
was divided into four segments. The first two segments were con- 
sidered as the jejunum and the other two as ileal segments. Each 
segment was everted and attached to  the modified Wiseman appa- 
ratus previously described by Saltman (21). To the luminal side was 
added 100 ml. of a 0.001 M solution of the quaternary ammonium 
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Table III-The Apparent Partition Coefficients of the Alkylsulfates of Pyridinium Derivatives and the Physicochemical Constants Used in 
the Correlation 


XQ -so3-olt 
I 


A,. 109 
R 


-----Log K ~ ~ ~ . - - -  ~ , . 1 0 9  


of x AX 6 X b  of R T R  X Obs. Calcd.0 


3.55 
3.95 
4.46 
2.70 
3.06 
3.36 
3.72 
4.30 
2.97 
3.27 
3.60 
3.96 
4.60 
3.19 
3.56 
3.91 
4.27 
5.12 
3.23 


3.75 0.78 0.00 
3.97 2.12 0.50 - 
4.20 3.46 1 .OO - 
2.64 4.32 -0.01 
2.98 4.32 -0.01 
3.32 4.32 -0.01 
3.66 4.32 -0.01 
4.35 4.32 -0.01 
2.86 5.67 0.49 
3.21 5.67 0.49 
3.55 5.67 0.49 
3.89 5.67 0.49 
4.57 5.67 0.49 
3.32 8.37 1.49 
3.66 8.37 1.49 
4.00 8.37 1 49 - .  ._ 
4.34 8.37 1.49 
5.03 8.37 1.49 
3.50 3.34 -1.49 


0.00 19.67 7 m  H C. . -11--"1 


.O. 14 19.67 7.00 2kH3 C1J-h 
-0.21 19.67 7.00 2,5-(CHdz CiaHz9 
0.32 12.92 4.50 3-COOCH2 CqHiq 
0.32 14.27 5.00 3-COOCH; C;oH;l 
0.32 15.62 5.50 3-COOCH3 c11H23 
0.32 16.97 6.00 3-COOCH3 C12H25 
0.32 19.67 7.00 3-COOCH, CiaHz9 
0.40 12.92 4.50 3-COOEt CsH1s 
0.40 14.27 5.00 3-COOEt CIoHz1 
0.40 15.62 5.50 3-COOEt C, Hnx 


~ ._ -" 
0.40 16.97 6.06 3cooEi  C12H25 
0.40 19.67 7.00 3-COOEt c14H29 
0.40 12.92 4.50 3-COOBu CsHIg 
0.40 14.27 5.00 3-COOBu CI 0H2i ~. ~~ 


0.40 15.62 5.50 3-COOBU C11H23 
0.40 16.97 6.00 3-COOBu ClZHZ5 
0.40 19.67 7.00 3-COOBu C14& 
0.28 19.67 7.00 3-CONHz CiaHz9 


a Calculated value using Eq. 5. * Using Harnrnett's u constant in benzene ring system, from H. H. Jaffi, Chem. Reu., 53, 191(1953). 


compound in normal saline; to the serosal side was added 50 ml. 
of normal saline solution. The system was immersed in a 37" bath, 
and all solutions were adjusted to 37" before using. The solutions 
were circulated by bubbling oxygen through the serosal and luminal 
solutions. Samples were removed at 15, 30, 60, 90, and 120-min. 
intervals. Two milliliters was removed from the serosal solution and 
4 ml. was removed from the luminal solution for each assay. The 
following quaternary ammonium compounds were studied in this 
phase of the research : N-methylquinolinium iodide, N-methyl-6- 
methoxyquinolinium iodide, N-methyl-2-iodoquinolinium iodide, 
N-methyl-6-hromoquinolinium iodide, and N-methyl-6-methyl- 
quinolinium iodide. 


RESULTS AND DISCUSSION 


The equations obtained by the method of least squares are 
listed in Table I. The data used to derive the equations are listed 
in Tables I1 and 111. In Table I, n is the number of data points 
used in the regression analysis, r is the correlation coefficient, 
and s is the standard deviation. From Eqs. 2 and 5 ,  it appears 
that the surface areas of the substituent on the quaternary am- 
monium compound as well as that of the alkyl group on the 
sulfate moiety are the most important factors in governing the 
apparent partition coefficient (log Kap,,.). More than 86 and 96% 
of the variance in the data (r2 = 0.86 and 0.96) can be explained by 
Eqs. 3 and 5 ,  respectively. This reflects the importance of the van 
der Waals forces (dipole-induced dipole and induced dipole- 
induced dipole) of the quaternary ammonium-alkylsulfate in the 
chloroform phase, and the hydrophobic interactions of the alkyl 
group with the aromatic ring in the aqueous phase. This agrees with 
the previous finding that the apparent distribution constant of 
alkylamine salts of tropeolin 00 was governed by the molecular 
weight and branching of the aliphatic amine, the relative concentra- 
tion of the amine and dye, and the dielectric constant of the solvent 
(15). In fact the log Kapp. of six amine salts of tropeolin 00 reported 
previously (15) can he correlated with the surface area or the T of 
the alkyl groups of the amine. This is illustrated by deriving the 
mathematical expressions by the method of least squares and the 
equations obtained are expressed (Eqs. 7 and 8). 


n r  S 
log KblPp. = 0.448 (Aw~-lOg) - 4.782 6 0.992 0.150 (Eq. 7) 


I I  r S 
log Kapp. = 1.177 (AR) - 2.232 6 0.994 0.137 (Eq. 8) 
Addition of the electronic parameter u in Eq. 3 gives a better 


correlation ( r  = 0.931, s = 0.263). This term is significant at the 
95-percentile level (Fl,a4 = 4.02). The positive dependence on u 
in Eq. 3 suggests that electron withdrawing groups would enhance 
the log Kapp. ; this is explainable since an electron withdrawer makes 
the quaternary ammonium ion more positive and attracts the alkyl- 
sulfate ion more strongly. 


Addition of a u term to Eq. 5 does not result in an improved 
correlation. This is probably due to the fact that only two substit- 
uents studied have minus u values and 16 molecules have very close 
u values (0.28440). A better selection of the substituents may 
reveal the role of the electronic effect. 


The log Kapg. values calculated from Eqs. 3 and 5 are in good 
agreement with the observed values. The calculated and observed 
values are listed in Tables I1 and 111. 


The use of Hansch's A constant has been explored in view of the 
fact that log PI obtained from one solvent system can be related 
to  log PZ obtained from another system by the linear equation (22): 
log PI = a log P2 + b, where a and b are constants. For the quino- 
linium compounds (Eqs. 2-4) the correlation obtained by using T 
is not as good as what is obtained by using A, ( r  = 0.83 versus 
0.93), although for the pyridinium compounds (Eqs. 5 and 6) 
both A,, and T give good correlations ( r  = 0.98 and 0.97, respec- 
tively). This may be due to somewhat different A values of the 
substituents in the quinolinium system from what were obtained 
from phenoxyacetic acid system (10). 


Equilibrium dialysis studies showed that 24 hr. is sufficient for 
equilibrium to be established for the compounds studied. Since 
both solutions were assayed at the same time, it appears that no 
protein binding occurred with the quaternary compounds in- 
vestigated. The Student t test revealed that no binding occurred to 
N-methyl-2,6-dimethylquinolinium iodide at P = 0.01 level. The 
kinetics of the dialysis of nicotinic acid N-methyl iodide through 
Visking cellulose membrane is shown in Fig. 1, using the reversible 
model (28). I n  Fig. I, A0 is the initial concentration of the drug 
(5.0 X M ) ,  A is the outside drug concentration at time t ,  
A, is the theoretical equilibrium concentration (3.57 X 10-4 M).  
It is most interesting to  note in Fig. 1 that within the 1st hr. the 
effective rate constant, k + k' (the slope of the regression line) is 
(1.62 f 0.9) X rnin.-l, and that following the 1st hr. is 
(0.3 f 0.15) X 1 V  min.-I, with the 9 5 z  confidence interval 
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Figure 1-The kinetic study of the dialysis of nicotinic acid N-methyl 
iodide through Visking cellulose membrane. 


given. The change in the effective rate constant may be due to 
plugging of some of the smaller pores of the cellulose membrane 
by the quaternary ammonium compound leaving fewer pores avail- 
able for transport, and this process appears to be completed within 
the first hour. 


The authors’ results on the transport of N-methylacridinium 
iodide showed that this compound might bind on the dialysis mem- 
brane since the assay, after a given period of time, resulted in an 
overall value less than the original value. 


The regression lines for the in vitro intestinal absorption of some 
quaternary ammonium salts are given as Eqs. 9-12, where C 
(micromoles) is the amount of quaternary ammonium salt trans- 
ferred from the mucosal to the serosal side of the intestinal segment, 
and t is time in minutes. Each data point represents the average of 
four determinations. No transference of N-methyl-2-iodoquinolin- 
ium iodide was detected. This may be due to steric inhibition because 
of the presence of the fairly bulky iodo group next to the quaternary 
ammonium head. The equations expressing the intestinal absorption 
of the compounds are shown in Table IV. 


From the slopes of Eqs. 9-12, it is evident that 6-methylquinoline 
N-methyl iodide and quinoline N-methyl iodide were transferred 
more rapidly. The rate of transfer of 6-bromo-quinoline N-methyl 
iodide and 6-methoxyquinoline N-methyl iodide was lower. 


The transference of the quaternary ammonium salts was then 
investigated with the addition of an equimolar concentration of 
sodium decylsulfate to determine if the ion-ion pair, which is more 
nonpolar soluble than the iodide salt, occurred at a greater rate. 
The results showed that no transfer ofany of the alkyl salts occurred. 
This may be due to steric inhibition and/or hydrophobic inter- 
actions of the decyl group and the aryl group of the quaternary 
ammonium moiety with the lipoprotein membrane since it is known 
that the strength of hydrophobic interaction is about 0.37-1.00 
kcal./CHz (23-25) and an alkyl group of 10 or more carbon atoms 
will bind to another hydrophobic counterpart as strongly as an ion 
pair in the biological system (5 kcal./mole) (26). 


Although the apparent partition coefficients of some alkyl- 
sulfates of quaternary ammonium compounds were correlated 


Table IV-Regression Line Equations Expressing the In Vitro 
Absorption of Some Quaternary Ammonium Salts 


Compound Equation n r s Eq. 


6-Me-quinoline Me1 Log C = 6.5.10Wt + 4 0.99 0.03 9 


Quinoline Me1 Log C = 5.3.10-3t + 3 1.00 0.00 10 
0.186 


1.190 ~ ~. . 


6-MeO-quinoline Log C = 2 . 7 . W 3 t  + 4 0.91 0.05 11 


6-Br-quinoline Me1 Log C = 2.5.1OW3t + 3 0.98 0.02 12 
Me1 0.907 


1.467 


with their molecular structure, it was found that the rate of transfer 
of these same compounds across the intestinal wall could not be 
predicted on the basis of their partition coefficients since the presence 
of equimolar concentration of alkylsulfate inhibited the transfer of 
the quaternary ammonium compounds. The possible explanations 
for the failure of absorption of the alkylsulfates of the quaternary 
ammonium compounds by intestine may be due to: (a)  steric hin- 
drance because of the attachment of the long alkylsulfate moiety, 
(6 )  the increased hydrophobic interactions of the alkyl group with 
the lipoprotein membrane, or (c )  the absence of the positive charge 
which is necessary for binding with a carrier. 
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administering the morphine in such a way that the 
animals receive adequate doses of the drug at frequent 
enough intervals to reach and maintain the desired 
levels of tolerance and physical dependence. This can be 
done by repeated daily injections, but this consumes too 
much time, both in administering the doses and in the 
time (weeks) it takes for tolerance and dependence to 
develop. A more convenient alternate procedure is to  
implant a pellet of morphine subcutaneously, thus 
allowing a continual gradual release of the drug. 
Maggiolo and Huidobro (1) have reported such a 
technique utilizing a pellet of pure morphine base 
compressed at high pressure. While this pellet proved 
useful for their studies, it released drug very slowly 
(25 


Way et al. (2, 3 )  produced morphine tolerance and 
dependence in mice by subcutaneously injecting in- 
creasing doses of morphine three times a day for 3 
consecutive weeks; but from a time-convenience stand- 
point, they were interested in using the pellet implanta- 
tion method. However, with the Maggiolo-Huidobro 
pellet, the mice developed the desired level of tolerance 
and dependence too slowly. By using a modified formu- 
lation developed by these laboratories, Way et al. 
could induce a high degree of tolerance and physical 
dependence in 2 or 3 days (the modified pellet 
released 25-50z of the drug in the first 2 days after 
implantation). Since the publication of the Way articles, 
we have received a number of requests for manufactur- 
ing details. Therefore, the purpose of this Communica- 
tion is to provide these formulation details pertaining 
to the experimental products utilized in the previously 
published paper emanating from these laboratories. For 
each tablet: 


of the dose in 8 days and 50% in 16 days). 


Morphine, purified powder 0.075 g. 
Microcrystalline cellulose (Avicel) 0.075 g. 
Fumed silicon dioxide (Cab-0-Sil) 
Calcium stearate 0.0015 g. 


0.00075 g. 


Directions : Screen the morphine, microcrystalline 
cellulose, fumed silicon dioxide, and calcium stearate 
through 60-mesh screen. Slug using 1.91-cm. (0.75-in.) 
FFBE punch and die, obtaining thin, firm wafers. 
Screen, No. 16 mesh, via Stokes oscillating granulator. 
Mix well in a twin shell blender. Compress via Colton 
tablet press model 330: 


Tablet weight 0.152 g. 
Tablet hardness 15 Strong-Cobb Units 
Tablet thickness 3 mm. 


Because of the possibility of particle segregation in 
the hopper of the tablet press, the slugging step was 
introduced. This is especially important in view of the 
small batch sizes produced. 


The determining factor in selecting microcrystalline 
cellulose as the diluent was the desire to control pellet 
density or hardness. Because morphine is soluble in 
tissue fluids and cellulose is not, it is reasonable to 
expect that, after some initial rapid release of the drug, 
the absorption rate would become constant as soon as 
the material at the surface of the pellet has dissolved. 
While it is quite possible that other materials could also 
give the desired effect, the microcrystalline cellulose 
was chosen because: (a) it is easily compressed to varying 


degrees of density while providing a physically stable 
pellet; (b)  it proved a satisfactory vehicle for providing 
a reasonably constant absorption rate for the drug; 
and ( c )  its physical characteristics are such that after 
5 days’ implantation the pellet remained as a semisolid 
palpable mass, facilitating easy removal from the 
animal. 


This work suggests that microcrystalline cellulose is a 
possible vehicle for long-term implantation pellets for 
human use, provided, of course, it proves to be safe from 
a toxicity standpoint. Preliminary information suggests 
that microcrystalline cellulose may be relatively in- 
nocuous since implantation of pellets in mice containing 
no morphine elicited no overt toxic effects. Whether or 
not the body can adequately eliminate the cellulose 
from the tissues remains to be seen. 


(1) C. Maggiolo and F. Huidobro, Acta Physiol. Lat. Amer., 


(2) E. L. Way, H. H. Loh, and F. Shen, Science, 162,1290(1968). 
(3 )  E. L. Way, H. H. Loh, and F. Shen, J. Pharmacol. Exp. 


11,70(1961). 


Ther., 167, l(1969). 
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Rearrangement of Chloramphenicol- 
3-monosuccinate 


Keyphrases a Chloramphenicol-3-monosuccinate-rearrangement 
0 Chromatography, liquid-liquid, thin-layer-separation, an- 
alysis 0 NMR spectroscopy-structure 0 Optical rotatory dis- 
persion-identity 0 IR spectrophotornetry-structure 


Sir : 


Investigation of the behavior of aqueous solutions of 
chloramphenicol-3-monosuccinate (I) indicated that at 
pH’s near neutrality the compound is incapable of in- 
dependent existence but rather exists as an equilibrium 
mixture of itself and a different molecular form. This 
report concerns the isolation and characterization of 
the rearranged compound. Details of the chemistry 
of this process will be reported in a subsequent com- 
munication. 


Components of the equilibrium mixture were sepa- 
rated by reverse phase liquid-liquid chromatography 
using a fatty acid N,N’-dimethylamide‘ on silanized 
diatomaceous earth2 as stationary phase and 0.05 N 


1 Hallcomid M-18, The C. P. Hall Co., Akron Ohio. 
2 Celite 545, Johns-Manville, New York, N. Y. 
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Scheme I 


HCl as eluent. TLC using silica plates with an acidic 
developer indicated that the isolated material was a 
single entity which could be converted to I by treat- 
ment with base (see Scheme I). 


Spectral and kinetic evidence suggest that the re- 
arranged material is a cyclic hemi-ortho ester (11) of 
the type postulated as an unstable intermediate in 1-3 
acyl migrations (1, 2). 


Structural determination was primarily achieved by 
using NMR. A comparison of the NMR spectra of I 
with I1 revealed certain significant differences in the 
chemical shifts and splitting patterns of several pro- 
tons (Table I). 


The peak positions for the amide nitrogen, the aro- 
matic ring protons, and the CHC1, hydrogen were identi- 
cal in both linear and cyclic form. The peak position of 
the C(1)-H proton in the cyclic compound is 57 C.P.S. 
downfield from that of the linear form. The deshield- 
ing effect produced on esterifying a hydroxyl group on 
the proton or the protons on the carbon holding the 
hydroxyl group is well documented (3). Also for the 
cyclic ester, the splitting of the C(2)-H hydrogen by 
the C(1)-H and the two C(3)-H protons gives a 
quartet centered at 4.44 p.p.m. The two hydrogens on 


Table I-Chemical Shift Values (p.p.m.) Using D,Acetone for 
Solvent, TMS as Internal Standard 


Chemical Shift (p.p.m.)-- F 


Chloramphenicol- Cyclic 
Proton 3-monosuccinate Succinate 


CI-H 5.26 6.23 
C2-H 4 .4  4.44 
C3-H2 4 .4  3 .7  
Cs-OH 6 
-(CHd- 2.63 (singlet) 2 .7  (AzBz) 
ring-H, 7.95 (AzB2) 7.95 (A%B,) 
N-H 7.46 7.46 
CCIZ-H 6.35 6.35 


- 


+24k I I 


- 40 
200 300 400 500 600 
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Figure 1-The ORD curves of chlorumphenicol-3-mo~iosrrccinute ( I )  
and the cyclic hemi-ortho ester (11). Anhydrous ethanol is the solceni. 
Dashedporfion of lines indicates areas ofhigh absorbance. 


C(3) have shifted upfield to 3.7 p.p.m. as a pair of over- 
lapping doublets, where in the linear form these three 
protons form a complex multiplet. 


The succinate methylene protons in the cyclic ortho 
ester do not give rise to a singlet as is the case in the 
linear molecule. The signal for these hydrogens in the 
cyclic compound is an A,B2 system which arises from a 
pair of overlapping triplets. I t  is thought that different 
electronic effects associated with sp2 and sp3 hybridized 
carbon atoms adjacent to the succinate methylenes 
cause splitting of signal. 


Additional evidence for the proposed cyclic isomer 
was obtained from IR and optical rotatory dispersion 
(ORD) data. Whereas the IR spectrum for I showed 
three distinct carbonyl absorptions at 1690, 1718, 
and 1745 cm.-*, the spectrum for I1 showed only 
two carbonyl peaks at 1690 and 1745 cm.-'. This ap- 
parent loss of ester carbonyl absorption and a change in 
absorbance in the C-0-C stretch region in the IR 
spectrum of I1 could be explained on the basis of the 
cyclic isomer (11). 


The ORD curve for the cyclic and linear ester is 
shown in Fig. 1. Due to high absorption of both com- 
pounds below a wavelength of 280 mp, this region is an 
approximation based on repeated determinations and 
several dilutions. Linear chloramphenicol-3-mono- 
succinate shows a positive Cotton effect, whereas the 
cyclic ester shows a negative Cotton effect. The ORD 
curves of 0'-acetylated chloramphenicol-3-monosuc- 
cinate and 01-dich10roacety1ch10ramphenico1-3-mono- 
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succinate also shows a negative Cotton effect. Esterifi- 
cation of the secondary hydroxyl group is associated with 
a change in optical rotation resulting in a negative ORD 
curve for the 0’-ester compound whose ORD curve 
prior to esterification was positive. Also characteristic 
of esterification of the 0’-hydroxyl group is a para- 
magnetic shift of the C( I)-H. Both of these phenomena 
were observed in the rearrangement of chloramphenicol- 
3-monosuccinate. 


Complete migration of the succinyl function was 
ruled out on the basis of NMR and chemical data. 
Complete migration would have given a terminal 
hydroxyl. No peak corresponding to  that for the 
C(3)-0H proton of chloramphenicol was observed. 
Chemical evidence indicated that the 0 + 0 migration 
product was incapable of existence in equilibrium with 
chloramphenicol-3-monosuccinate under experimental 
conditions. 


Attempts to acetylate or methylate the isomeric 
compound resulted in complex reaction mixtures, pre- 
sumably due to the breakdown of the cyclic structure 
by the reacting anion. All spectral and chemical evidence 
support the proposed structure. 


( I )  H. Hibbert and M. E. Grieg, Can. J.  Res., 4,252(1931). 
(2) P. E. Verkade and 0. E. Van Lobinsen, Kon. Vlaam. Meded. 


( 3 )  C. R. Narayanan and M. R. Sarma, Tetrahedron Lett., 1968, 
Acad. Wetetisclz. Proc., Ser. B ,  56, 324(1953). 
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Covalent Addition of N-Chlorosaccharin 
to Cyclohexene 


Keyphrases 0 N-Chlorosaccharin-cyclohexene addition 0 Cyclo- 
hexene-N-chlorosaccharin addition 0 N-(2-ChlorocyclohexyI)-sac- 
charin-synthesis, structure, formation rate 0 IR-identification, 
structure 0 NMR-identification, structure 0 UV-rate of forma- 
tion 


Sir. 


It has recently been reported (1)  that N-chloro-N- 
methylethanesulfonamide will add covalently across 
the >=C / double bond of I-hexene under photo- 


\ 
irradiation. In similar, but apparently more facile, 


Table I-Rate Constants for the Covalent Addition of N-Chloro- 
saccharin to Cyclohexene in Carbon Tetrachloride at 25” 


[Cyclo- [N-Chloro- 


x 1 0 M  x 104 M seC-1 M-l s e c l  
heXene].dded SaCCharin]added 10’ k o b s .  10’ ki 


4.96 6.30 1.69 3.41 
3.22 10.00 1.16 3.60 


reactions, N,N-dichlorobenzenesulfonamide (2) and 
N-aryl-N-halosulfonamides (3) will add covalently to 
cyclohexene. Because N-chloro compounds are used as 
chlorinating and oxidizing agents for a wide variety of 
compounds, additional reactions of the above type 
must be expected to occur if the molecules to be chlo- 
rinated contain unsaturated groups. 


We have recently discussed (4) the possible usefulness 
of N-chlorosaccharin (I) as an organochlorinating 
agent on the basis of its low chlorine potential in water 
and its solubility and stability in a variety of organic 
solvents. However, we now present evidence that I 
will also covalently add to cyclohexene in a facile 
reaction at room temperature to yield N-(2-chloro- 
cyclohexy1)-saccharin (11). 


II 
0 
I I1 


When I (400 mg.) was added to cyclohexene (15 ml.) 
at  2 5 O ,  it gradually dissolved and simultaneously a white 
powder crystallized out of solution. After recrystalliza- 
tion from acetone-water, this powder had m.p. 171- 
172.5’ and the same elemental analysis as 11. (Found: 
C, 52.07; H, 4.86; C1, 11.94; N, 4.78; S, 10.97. 11, 
Cl3HI4NC1SO3, requires C, 52.0; H, 4.67; C1, 11.85; 
N, 4.67; S, 10.70.) Its structure was confirmed by NMR 
and IR spectroscopy. Its NMR spectrum showed the 
presence of 4 benzene protons and 10 cyclohexene 
protons, but no  cyclohexene-ethylene protons were 
evident. The IR spectrum of the compound was con- 
sistent with that of Structure I1 and contained a strong 
band at the carbonyl-stretching frequency region. This 
latter piece of evidence ruled out the possibility that an 
0-C bond existed between saccharin and cyclohexene. 
The product did not release iodine from aqueous 
solutions of potassium iodide, thereby indicating that 
it was not in equilibrium with N-chlorosaccharin and 
that its chlorine was fixed and no longer “active.” 


The rate of formation of the adduct was determined 
by measuring changes in UV absorbance at  270 mp 
after carbon tetrachloride solutions of I and cyclohexene 
(which had been equilibrated at  25.0 f 0.2’) were 
mixed in a 1-cm. spectrophotometer cell. The rate of 
change of absorbance was first order when [cyclo- 
hexeneladded was much greater than [IIadcled and pseudo 
first-order rate constant, kohs , values were calculated. 
At two different cyclohexene concentrations the value 
of kobs./[~y~l~hexene],dd,d = kl was constant and thus 
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Cholesterol Biosynthesis and Lipid Biochemistry in the 
Scolex of Echinococcus granulosus 


GEORGE A. DIGENIS”, RALPH E. THORSONT, and ARPINE KONYALIAN 


Abstract 0 When live scolices of Echinococcus grunulosus were in- 
cubated with labeled mevalonate in vitro, no radioactivity was in- 
corporated into the parasites’ cholesterol fraction. However, labeled 
cholesterol was recovered after a scolices’ homogenate was in- 
cubated with 4-14C-cholesteryl acetate. It is suggested that the 
scolex of E. grunulosus is unable to biosynthesize cholesterol and 
that it obtains cholesterol in an esterified form from the host, which 
is subsequently hydrolyzed within the scolex to free cholesterol. 
The fatty acid content of E. granulosus was examined by gas- 
liquid chromatography. 


Keyphrases Echinococcus granulosus scolices-cholesterol bio- 
synthesis 0 Cholesterol biosynthesis-E. grunulosus scolices 0 
Lipid biochemistry-E. grunulosus scolices 0 Hydrolytic activity, 
E.  granulosus scolices4-14C-cholesteryl acetate 0 TLC-separa- 
tion 0 GLC-identity Scintillometry-analysis 


It is a well-known fact that, in vertebrates, cholesterol 
is biosynthesized from acetate or mevalonate. In many 
insects, however, radioactive acetate or mevalonate is 
not incorporated into cholesterol; some insects do not 
even synthesize squalene, the noncyclic precursor of 
sterols (1, 2). 


In 1954, Butenandt and Karlson (3) first isolated 25 
mg. of ecdysone, the molting hormone, from 500 kg. of 
silkworm pupae. The compound [shown later to be a 
steroid (4)] was effective in accelerating molting, even in 
quantities below 7.5 X mcg., when injected into 
ligated fly abdomens. In 1963, Karlson and Hoffmeister 
( 5 )  demonstrated the incorporation of radioactivity 


from tritium-labeled cholesterol into ecdysone in 
Calliphora larvae, indicating that cholesterol is a pre- 
cursor to ecdysone. Clark and Bloch (6) showed that 
95% of the dietary cholesterol in the beetle Dermestes 
uulpinus could be replaced by p-sitosterol for structural 
utilization, but 5 %  of it remained essential for meta- 
bolic function; Clayton (7), working with the cockroach 
Blattella germanica, obtained similar results. According 
to Karlson (8), only a small part of the cholesterol in- 
jected into insects was converted to ecdysone; the major- 
ity still fulfilled cellular functions. Smissman et al. (9) 
isolated dehydroepiandrosterone, pregnenolone, and 
progesterone as the products of normal insect metabo- 
lism of dietary sterols in the confused flour beetle, 
Tribolium confusum. Horn et al. (4) isolated crustecdy- 
sone from crayfish, a compound which proved to be 
both chemically and biologically similar to ecdysone. 
Carlisle (lo) demonstrated the biological activity of 
extracts from crabs, copepods, and locusts on the im- 
mature shore crab Carcinus maenas, indicating the pres- 
ence of a common set of interactive ecdysones in 
crustaceans and insects. 


The hormone that has an effect opposite to that of 
ecdysone on the molting stages of insects was first 
isolated from the abdomens of Cecropia males by 
Williams (1 1). Karlson and Schmialek (12) injected 
extracts of the excretions of the beetle Tenebrio molitor 
into mature larvae of the same species and noted the 
retardation of pupation in 88 % of the treated larvae. In 
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1961, Schmialek (13) isolated 60 mg. of an oil from 80 
kg. of Tenebrio feces, which was identified as farnesol and 
its oxidation product farnesal. Later it was shown that 
insects can biosynthesize labeled farnesol and farnesal 
from tagged mevalonic acid (14). Using the farnesol 
isolated by Schmialek (13), as well as the commercial 
compound, Wigglesworth ( 1  5) showed that farnesol 
reproduces all the effects of a juvenile hormone when 
applied to the surface of the cuticle of the insect Rhodnius 
prolixus. The main effects were retention of larval 
characters and partial reversal of metamorphosis in the 
molting adult. Other active compounds also have been 
isolated from the microsporidian Tribolium castaneum 
(16), various other microorganisms (17), and even from 
the balsam fir tree (18). I t  appears from these studies 
that in insects the pathway of mevalonate is directed 
toward the synthesis of specific hormones and not 
cholesterol, whereas in vertebrates part of the mevalon- 
ate is incorporated into cholesterol. 


The work on cholesterol biosynthesis in cestodes is 
still in its infancy. Frayha (20) observed that 1-I4C- 
acetate did not incorporate into the cholesterol fraction 
of E. granulosus scolices ; but when 26-14C-cholesterol 
was fed to mice infected with the parasite, the label did 
appear in the cholesterol isolated from the scolices. 
Indeed, Meyer et al. (21) reported the Spirometra 
mansonoides lacks the mechanisms required for the 
synthesis de novo of its sterols. 


The authors of this article (23) have recently shown 
that lipid extracts of Echinococcus granulosus, a cestode, 
contained substances with both stimulatory and depres- 
sive effects on the growth of excysted cysticercoids of 
Hymenolepis diminuta in in vitro cultures. Since mevalo- 
nate has been shown to be a precursor of farnesol and 
farnesal in insects (14), an attempt was made to correlate 
the biological activity of the different lipid fractions of E. 
granulosus scolices with their biosynthesis from mev- 
alonate. 


MATERIALS AND METHODS 


Collection and Preparation of Scolices-The livers and lungs of 
the sheep and cattle infected with cysts of E. grunulosus were 
obtained within 2 hr. of slaughter. The hydatid fluid and scolices3 
were collected aseptically from the cysts according to the previously 
published methods (23) to be used in both the authors' biosynthetic 
studies and hydrolytic studies. 


Biosynthetic Studies-For the biosynthetic studies, the live3 
scolices were washed four times with an aqueous buffer solution 
(pH 7.4) of disodium monohydrogen phosphate and potassium di- 
hydrogen phosphate (25). 


The washed scolices were then incubated in a water bath shaker 
for 5 hr. at 37" with 4 ml. of phosphate buffer (pH 7.0), 1 ml. of anti- 


biotic ~olu t ion ,~  and 1 ml. of 2-i4C-~~-mevalolactone5 (specific 
activity 3.11 X lo5 c.p.m.6/0.04 pM/ml.). At the end of the incuba- 
tion period, 2 ml. of 3 N H2S04 was added to the flask? The scolices 
were separated by low-speed centrifugation, washed several times 
with distilled water, and then transferred to a 125-ml. conical flask. 
A quantitative sample taken from a combination of the incubation 
supernatant fluid and the scolices washings was analyzed for radio- 
activity. From this figure the amount of the label actually taken up 
by the scolices was determined to be 1.33 X lo5 c.p.m. 


Isolation and Fractionation of the Lipids-The total lipids were 
extracted from the scolices and fractionated by thin-layer chroma- 
tography (TLC); the cholesterol was isolated according to the pre- 
viously published methods (23). 


Saponification of Neutral Fats-The lipids of Band 111 were 
saponified by refluxing them in 5 ml. of 5 ethanolic KOH for 24 
hr. under nitrogen. At the end of the time, 5 ml. of distilled water 
was added to the mixture, and the ethanol was evaporated by bub- 
bling nitrogen into the gently warmed (ambient 45") flask. The solu- 
tion was then extracted with three separate 5-ml. portions of ether. 
The ether extracts were dried over sodium sulfate, and the solvent 
was evaporated under nitrogen. The residue was taken up in a 
minimal amount of chloroform which was transferred into a liquid 
scintillation vial, evaporated, and assayed for lac. 


The aqueous layer, containing the saponifiable fraction of the 
lipids, was acidified to pH 2.0 with 2 N H2SO4 and then extracted 
four times with ether. The ether fractions were dried overnight over 
anhydrous Na2S04 and, subsequently, concentrated to a volume of 
about 5 ml. An aliquot from the solution was assayed for I4C. 
In another experiment the ether solution of the saponifiable frac- 


tion of lipids from scolices (not treated with radioactive mevalon- 
ate) was prepared for GLC analysis by prior treatment with diazo- 
methane according to the method of Beames (26). 


Gas-Liquid Chromatography-Gas-liquid chromatography 
(GLC) of the fatty acids was performed by a Pye argon chroma- 
tography apparatus equipped with a 1.21-m. (4-ft.) glass column (4 
mm. in diameter) packed with 10% ethylene glycol adipate on di- 
atomaceous earth (Celite 545, 80/100 mesh). Ten-microliter sam- 
ples were injected. The gas-flow rate was 30 ml./min. and the col- 
umn temperature was 180". The calibration of the GLC instru- 
ment, as well as the quantitation and identification of chromato- 
grams, was performed according to previously published procedures 
(27). 


Enzyme Activity of a Scolex HomogenateThe hydrolytic action 
of homogenates from E. grunulosus scolices on cholesteryl acetate 
was investigated as follows: 1 g. of live scolices3 was homogenized in 
a Potter-Elvehjem homogenizer for 3 min. The homogenate was 
incubated with 1 ml. of antibiotic solution,4 4 ml. of phosphate 
buffer pH 7.0, and 6.0 mg. of radioactive 4-W-cholesteryl acetate' 
in a water bath at 37" for 24 hr. with vigorous and continuous shak- 
ing. At the end of the incubation period, the lipids were extracted 
from the mixture with chloroform. The residue, obtained by 
evaporation of the chloroform extracts, was subjected to TLC, and 
its cholesterol fraction was isolated as described before (23) and 
analyzed for its radioactivity content. 


Scintillation Counting-All radioactivity measurements of the 
cholesterol samples were performed in a Packard Tricarb scintilla- 
tion spectrometer model 3003 with an efficiency of 70% and a 
background count of 8 c.p.m. The samples were counted in liquid 
scintillation glass vials (20-ml. capacity) with 18 ml. of liquid scin- 
tillation cocktail containing 4 g. of 2,5-diphenyloxazol (PPO) as 
primary scintillator and 50 mg. of dimethyl-l,4-bis[2(5-phenyloxa- 
zol)benzene] (POPOP) as secondary scintillator per liter of toluene. 
Samples that were insoluble in the cocktail were first solubilized in 3 


1 Durr (19) recently provided evidence for the incorporation of 
mevalonic acid into the nonsaponifiable lipids of omental and sub- 
cutaneous adipose tissue of man, epididymal fat pad of rat, and the 
fat tail of the Syrian sheep. His stoichiometric studies showed that 
about one-half of the incorporated radioactivity in the nonsaponifiable 
lipids was in squalene, 2 0 z  in lanosterol and cholesterol, and the re- 
mainder in unidentified substances. 


2 However, Ginger and Fairbairn (22) working with Hymenolepis 
diminuta demonstrated the incorporation of 1-14C-acetate into the 
cestode's cholesterol fraction. 


3The viability of the collected scolices was determined by their 
motility and staining properties (1 : 1000 eosin solution) according 
to the procedure described by Meymerian e f  nl. (24). 


4 The antibiotic, solution, was prepared by diluting with $stilled 
water, 200,000 units of penicillin G and 200 mg. of streptomycin to a 
final volume of 400 ml. 


6 Purchased from the Radiochemical Centre, Amersham, Bucks, 
England. 


6 This abbreviation will be used throughout this paper to denote the 
number of counts per minute. 


7 Microscopic examination (24) of a sample of the scolices showed 
them to be totally killed by the sulfuric acid treatment. 


8 Radioactive cholesteryl acetate with a specific activity of 1.55 X 
lo4 c.p.m./mg. was synthesized by treating 4-14C-cholesterol with acetic 
anhydride in the presence of anhydrous pyridine (28). The ester was 
shown to be pure by mixed melting point (115-116") with authentic 
cholesteryl acetate and by TLC in two solvents (29). Subsequent radio- 
autography of the chromatograms exhibited only one radioactive spot. 
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Table I-Incorporation of 2-14C-~~-Meva~o~actone into Various 
Lipid Fractions of E. granulosus Scolices 


~~ 


Band 
Incor- 


c.p.m. poration, % 


I 
la 


ib  
Ic 
Id 


IIa 


IIb (ec- 
dysone 
level) 


I1 


IIc 
I Id 
IIe 


Unsapon- 
ifiable 
fraction 
of 
Band 111 


Saponifiable 
fraction 
of 
Band 111 


I11 


1096 
5 


115 
148 
502 
171 


Negli- 
gible 


8 


34 
93 
9 


8 26 
Negli- 


gible 


8 27 


0.82 
Negli- 


0.08 
0.20 
0.37 
0.13 


Negli- 


0.01 


gible 


gible 


0.02 
0.07 
0.01 
0.62 


Negli- 
gible 


0.62 


ml. of dioxane and then added to 15 ml. of the cocktail. In the case 
of samples that were too small to be eluted from the TLC plates, the 
silica gel was scraped off, mixed with the cocktail, and counted ac- 
cording to the method of Snyder and Stephens (30). All samples 
were counted twice for at least 10 min. 


RESULTS 


In  a duplicate determination, 3.0 g. of live scolices of E.  grunuiosus 
was incubated at 37” with 1 ml. of 2-14C-mevalolactone (specific 
activity 3.1 1 X lo5 c.p.m./0.04 gM/ml.). At the end of the incubation 
period ( 5  hr.), the lipids9 were extracted from the scolices and frac- 
tionated by TLC using 0.25-mm. thick layers of silica gel G with 
methylene chloride-acetone (923, v/v) as a developer. The three 
zones obtained’O were designated Bands I, 11, and 111 (23), Bands I1 
and III being the origin and front, respectively. 


It was observed that the eluate from Band I inhibited growth 
markedly (length 0.5 to 1.0 mm.) as compared with the growth of 
worms under the influence of Band I11 or in a control (9.5 to 10 mm.) 
(23). Band I was subjected to further chromatography on a 20 x 20- 
cm. silica gel” plate with chloroform-acetone (90:10, v/v) as 
eluant. Four different zones were observed which were designated 
Band Ia (origin), Ib (Rf, = 0.36), Ic ( R j  = 0.74), and Id ( R j  = 
0.93). The extent of the incorporation of 2-14C-mevalonate into the 
various lipid fractiong of E.  granulosus scolices is presented in 
Table I. 


When Band Ic, containing the free cholesterol,12s1z was eluted 
from the TLC chromatogram, it yielded 4 mg. of residue which was 


The classic saponification of the lipids prior to fractionation by 
TLC was avoided because a correlation between the biological activity 
of the various lipid fractions and their biosynthesis from mevalonate 
was sought. 


10 The visualization and the elution of the substances from the zones 
obtained by TLC fractionation were performed as described previously 
(23). 


l 2  It was previously shown (23, 32) that when the lipid fraction of 
0.495 g. of lyophilized scolices13 was subjected to a similar TLC frac- 
tionation, it yielded 0.022 g. ofresidue from Band I. Further purification 
of the residue showed that 0.015 g. of It was cholesterol in its free form. 
Onlv trace amounts of cholesterol were shown to exist in their ester- 


Chromagram, Eastman Kodak, Co., Inc., Rochester, N. Y. 


ified form in Band 111. 


of wet live scolices (32). 
1 3  One gram of lyophilized scolices was found equivalent to 14.5 g. 


dissolved in 10.0 ml. of benzene. When 2.5 rnl. from this solution was 
mixed with scintillation cocktail and its radioactivity counted, it was 
found to have a specific activity of 37 c.p.m./mg. To show whether or 
not the label was incorporated into cholesterol, 7.5 ml. from the 
cholesterol solution was mixed with 10 ml. of benzene containing 
0.047 g. of pure, unlabeled cholesterol. The benzene was evaporated 
under a stream of nitrogen and the residue recrystallized once from 
95 ethanol. No radioactivity was detected in the recrystallized 
cholesterol. In contrast, however, the supernatant solution was 
found to contain all the radioactivity (110 c.p.m.), indicating that Ic 
contained compound(s) other than chole~tero l~~ to which the label 
was incorporated. 


Band 111, which was shown to contain the neutral fat fraction of 
the lipids (31), was eluted and saponified. Aliquots from the sapon- 
ifiable and nonsaponifiable fractions were counted for radioactivity. 
The results in Table I demonstrate that the entire radioactivity of 
Band 111 from the 2-14C-mevalonate was incorporated into the 
saponifiable fraction. 


With the significance of the saponifiable fraction in mind, the 
authors proceeded to determine by GLC the type and quantity of the 
fatty acids in this fraction. The results are shown in Table TI. 


The presence of hydrolytic enzymes in the scolices was indicated 
when a homogenate from 1 g. of live scolices was incubated with 6.0 
mg. of radioactive cholesteryl acetates at 37”. After incubation, free 
cholesterol was isolated from the mixture, and it was found to be 
radioactive (1056 c.p.m.). No radioactive cholesterol was detected in 
a control mixture15 without the scolex homogenate. 


DISCUSSION 


With the recent findings on insect lipid biochemistry in mind, the 
authors have attempted to elucidate the mevalonate-cholesterol 
biosynthetic pathway of E .  granulosus. First, however, a very 
brief description of the parasite’s life cycle is necessary. The adult 
worm discharges eggs in the feces of the primary host, often a dog. 
When the eggs are ingested by an intermediate host, such as cow, 
sheep, or man, the eggs hatch in the duodenum. The released onco- 
spheres then travel cia the lymphatics and bloodstream to various 
parts of the body, usually the liver or lungs, where they become 
hydatid cysts. In man these cysts may grow to 15-20 cm. in diameter 
after several years. Within the cysts are found scolices which, if in- 
gested by a suitable host, become adult worms within 7 weeks. 


The only effectivel6 treatment of the hydatid disease (echinococ- 
cosis), surgical removal of the cyst, suffers from both (u) a relatively 
high risk if secondary cyst infection by the viable hydatid scolices 
within the cyst and (h) the possibility of a violent and sometimes 
fatal anaphylactic reaction by the patient to the cyst fluid. 


It seems to the authors that a more knowledgeable approach to the 
treatment and (or) control of echinococcosis could be made if more 
was known about the biochemistry of the parasite. Also, the pos- 
sibility of finding an endocrine system in parasites similar to the one 
producing ecdysis in insects presents itself. 


Cholesterol appears to be the major sterol in helminths. Fairbairn 
and Jones (34) showed that 75 % of the unsaturated sterols of Ascaris 
lumbricoides was cholesterol. Thompson et al. (35) reported that 
98 and 85% of the unsaponifiable matter of adult Taenia raeniae- 
formis and Monieziu sp. (respectively) were cholesterol. The authors’ 
studies recently showed that in E .  grunulosus scolices, free cholesterol 
per dry weight constituted a high 3.03% (23, 32) as compared to 
1.4% for Tuenia taeniaqformis reported by von Brand et al. (36). 


The authors’ results showing the lack of incorporation of 2-14C- 
mevalonate into cholesterol by the scolices suggest that the terpenic 
pathway is directed towards compounds other than cholesterol. The 
scolices’ apparent “inability to synthesize” their own cholesterol is 
substantiated by the results of Frayha (20) who demonstrated that 
l-l*C-acetate did not incorporate into the cholesterol fraction of 
E.  granulosus scolices. He also demonstrated the passage of 26-I4C- 


1 4  Preliminary examination of Ic by combined GLC-mass spectros- 
copy revealed that this fraction consisted of cholesterol and other 
compounds, the identities of which are under investigation. 


15 The control mixture consisted of 6.0 mg. of radioactive cholesteryl 
acetate, 1 ml. of antibiotic solution, and 4 ml. of phosphate buffer 
(pH 7.0). 


16 Chemotherapy appears to be difficult since the permeability 
of the membrane (particularly the internal germinal membrane) sur- 
rounding the hydatid cyst is known to be highly selective (33). 
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Table 11-Major Fatty Acid Composition of the Scolex of 
E.  grarmlosus 


Methyl Esters 
Shortened as Percentage 


Fatty Acid Designation of Total Esters 


n-Dodecanoic 12:O” 0 . 3 5  
Te tradecano ic 14:O 1.67 


14:l 1.34 
Hexadecanoic 16:O 8.17 


16:l 2.95 
Heptadecanoic 17:O 0.63 


17:l 1.78 
Octadecanoic 18:O 23.5 


18:l  27.7 
18:2 7.44 
18 unh 1.86 
20 :o 6.03 
20:l 2 . 4  
20:2 0.67 
20:3 0.74 
20:4 5.21 
20 unh 2.60 


Eicosanoic 


a The numerals following the colon refer to the number of double 
bonds in the molecule, whereas the numerals before the colon refer to 
the chain length (number of carbon atoms) of the fatty acid. b This ab- 
breviation denotes unknown number of unsaturations. 


cholesterol from the host (infected mice) to the scolices of E. 
granulosus (20). Furthermore, Meyer et at. (21) reported that the 
cestode Spirometra munsonoides lacked mechanisms required for the 
de no00 synthesis of sterols. 


The fact that free radioactive cholesterol was isolated from the 
scolices upon incubation with radioactive cholesteryl acetate indi- 
cates the presence of an enzyme system within the cyst responsible 
for the hydrolysis of the cholesteryl ester. This finding was con- 
sistent with the results of Lee et ul. (37) who reported the presence of 
nonspecific esterases in various tapeworms. 


Based on these recent findings, it seems reasonable to assume 
that cholesterol passes, probably in an esterified17 form, from the 
host through the cyst membrane into the scolices where the 
cholesteryl ester is hydrolyzed to free cholesterol by an esterase 
system within the scolices. 
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Effects of a Tranquilizer and Two Antidepressants 
on Learned and Unlearned Behaviors 


HARRY M. GEYER, 111, NATHAN WATZMAN*, and JOSEPH P. BUCKLEY 


Abstract 5 The dose-response effects of chlorpromazine, imi- 
pramine, and thiazesim were investigated on unlearned behaviors 
(spontaneous motor activity, eating, drinking, mouse-killing, self- 
grooming, and forced motor activity) and learned behavior using 
the rat pole-climbing unit. Three or four doses of each drug were 
used in the study of each parameter, and EDSO values were calculated 
from the generated log dose-response line. Ratios of the forced 
motor activity EDso divided by the ED,’s of the various behavioral 
tests were used to determine whether the blockades of the behavioral 
parameters occurred at debilitating or nondebilitating doses. 
The tranquilizer, chlorpromazine, required a debilitating dose to 
block four of the five unlearned behaviors. The antidepressant, 
imipramine, disrupted three of these at nondebilitating doses ; 
the antidepressant, thiazesim, blocked all unlearned behaviors at 
nondebilitating doses. All compounds required debilitating doses 
to block the learned behavior, a conditioned avoidance response. 
The results generally support the hypothesis that antidepressants 
selectively bIock unlearned behaviors which are not blocked by 
tranquilizers until debilitating doses are used. 


Keyphrases 0 Tranquilizer, antidepressant effects-learned, un- 
learned behavior [7 Chlorpromazine, imipramine, thiazesim- 
comparative effects, learned, unlearned behavior 0 Behavioral 
response, learned, unlearned-antidepressants, tranquilizer effects 


Although two major classes of psychotherapeutic 
agents, tranquilizers and antidepressants, are quite 
different in  their clinical applications, often the assign- 
ment of a compound into either of these classifications 
must await clinical evaluation since the difference is not 
readily assessible by preclinical animal testing. Tran- 
quilizers and antidepressants have been reported to 
have qualitatively similar electroencephalographic 
effects (1-4). Herr et al. ( 5 )  reported the lack of qualita- 
tive differences when these compounds were compared 
in various toxicological and behavioral studies. Horo- 
vitz et a/. (6) reported a possible method for a preclinical 
differentiation. These authors reported that anti- 
depressants, but not tranquilizers, given to rats at non- 
debilitating doses had a blocking action on mouse- 
killing, an unlearned behavior described by Karli (7). 
Horovitz et a/. (6 )  also reported that this difference 
between tranquilizers and antidepressants was not 
found in the comparison of drug effects on a learned 
avoidance response. 


The present study was an attempt to determine if 
other nonlearned behaviors in rats show the “selective” 
blocking action by antidepressants. 


MATERIALS AND METHODS 


Subjects-The subjects were Sprague-Dawley male rats (519) 
and female rats (82) weighing 20G350 g. The subjects were 
maintained in individual wire-mesh cages on a 12-hr. light- 
dark cycle at ambient temperatures between 23.9 and 25.5’ (75 and 
78°F). Purina laboratory chow and tap water were available ad 
libimn for all subjects except those used in the studies of food and 
water consumption. All subjects were used only once except in the 
study of muricide. Maternal behavior and muricide were tested 


in the light portion of their light-dark cycle. All other studies were 
performed during the dark portion of the cycle; in the testing of 
self-grooming and forced motor activity, the subjects were illumi- 
nated by two 1.5-m. (5-ft.) fluorescent red light bars approximately 
0.9 m. (3 ft.) from the cage and between the investigator and the sub- 
jects. 


Drugs-The prototype tranquilizer selected was chlorpromazine 
hydrochloride, and the antidepressants were imipramine hydro- 
chloride and thiazesim hydrochloride. All drugs were dissolved in 
distilled water, with concentrations adjusted to enable intraperi- 
toneal injection in volumes of 1 m1./250 g. of body weight. The 
various testing procedures were performed during peak drug effect 
which occurred 30 min. after chlorpromazine, 40 min. after imi- 
pramine, and 30 min. after thiazesim administration (8). The 
saline subjects (0.9% NaCI) were tested 30 min. after saline adminis- 
tration. The doses used were as follows: chlorpromazine, I ,  2, and 
4 mg./kg.; imipramine, 8, 16, and 32 mg./kg.; and thiazesim, 10, 20, 
and 40 mg./kg., i.p. In the experiments with self-grooming, mouse- 
killing, and conditioned avoidance response, an additional dose of 
chlorpromazine, 8 mg./kg., was included. In the study of water 
consumption, an additional dose of 5 mg./kg. of thiazesim was 
included, and imipramine was used in doses of 4,8,  and 16 mg./kg. 


Forced Motor Activity (FMA)-Forced motor activity was 
evaluated by the use of a revolving wooden rod, 5.08 cm. (2 in.) 
in diameter, as described by Watzman el al. (9). The rod first 
revolved at 7.8 r.p.m., and the speed was increased by 4.5 r.p.m. 
every 30 sec. The amount of time the subjects remained on the rod 
was used as the measure of motor activity. The subjects, 81 male 
rats, were given five consecutive training trials both in the morning 
and afternoon of the 1st day, four consecutive trials in both the 
morning and afternoon of the 2nd day, and three consecutive trials 
on the morning of the 3rd day. The rotarod performance was found 
in preliminary trials to be stable by the 3rd day. The drugs and 
saline were administered in the afternoon of the 3rd day, and the 
subjects were given three consecutive test trials at the time of peak 
drug effect. The test trials were averaged for each subject, and the 
groups receiving the experimental compounds were compared 
with the saline controls. 


Spontaneous Motor Activity @MA)-Spontaneous motor ac- 
tivity was tested in four circular, 6-beam photocell activity cages 
(Actophotometer, Metro Industries, Inc., New York, N. Y.), 
using a single subject per cage. The drugs, doses, saline controls, 
and cages were arranged in a modified factorial design. The testing 
was performed on 3 consecutive days. There were three experi- 
mental subjects and one saline control at each testing session, and 
each drug-dose group was compared with its appropriate saline 
controls. The subjects, 95 male rats, were introduced at the time 
of peak drug effect; their activity counts were recorded at the end 
of 30 min. 


Food Consumption-In this study, 68 male rats were deprived of 
food for 24 hr. but water was available adlibiturn. At the end of the 
deprivation period, the subjects were treated with drugs or saline 
and, at the time of the peak effect, were given a preweighed amount 
of Purina laboratory pellets. At the end of 1 hr., the remaining 
pellets and spillage were collected and weighed. The recorded data 
were both the weight eaten and the weight of the subject just prior 
to testing. 


Water Consumption-The subjects used in the study of drinking 
(75 male rats) were deprived of water for 3 days and then placed 
at the time of peak drug effect in a compartment, 25.4 X 26.6 X 
27.9 cm. (10 X 10.5 X 11 in.), which had a drinking spout attached 
to a drinkometer apparatus. The number of licks recorded in 30 
min. was used as the measure of water consumption. 


Maternal Behavior-Maternal behavior was studied 1 to 4 days 
postparturition. The subjects (82 female rats) were removed from 
their home cages momentarily, the wood floors were cleared, and a 
new supply of the nesting material and all pups were deposited on 
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Figure 1-Effects of chlorpromazine, imipramine, and thiazesim on spontaneous (right side) and forced motor actiuity (kft side). Key: m--, 
chlorproniazine; A. . ., imipramine; and 0- - -, thiazesim. 


the side of the cage opposite the previously noted nesting site. The 
subjects were then returned to their cages and rated on the 5-point 
scale of 0, 1, 2, 3, and 4 according to approximate percents of the 
nesting material retrieved to the nesting site: 0,25, 50,75, and 100%. 
Simultaneously, the subjects were scored according to the percent 
of young retrieved. Each session was 8 min. in duration; 24 hr. later 
the testing procedure was repeated at the time of peak drug action. 
The experimental subjects were compared with saline controls, and 
the preliminary trial (saline injection) was used to eliminate the few 
subjects not completing both nest-building and young-retrieval 
within 4 min. 


Mouse-Killing-An albino mouse, 25 to 30 g., was introduced in 
the rat’s home cage for 5 min.; if the rat killed the mouse, it was 
retested at least once a day for 5 days. The latter tests were 30 min. 
after saline injection, and a 60-sec. time limit was imposed. Only 
those rats (36 males) that killed in all of the predrug trials were used 
in this study. The animals received drug injections and were tested 
on four to six occasions. There were always at least 1 week and one 
saline test between drug administrations. The total number killing 
within 60 sec. was recorded for each drug and dose. 


Self-Grooming-The 84 male rats used in this study were im- 
mersed in a sample of rat urine to wet the forepaws, hind paws, and 
undersides. They were immediately returned to their home cages, 
and the total time spent grooming was measured over a 5-min. 
period. Twenty-four hours later, the subjects were weighed and 
injected and the same procedure was repeated. The time spent 
grooming each day was recorded. 


Conditioned Avoidance Response (CAR)-This was studied in 
automated pole-climbing units (25.4 X 26.6 X 35.5 cm.) (10 X 10.5 
X 14 in.) (10). A 15-sec. tone was followed by an electrical shock 
(300 v., 2 mamp.) from the grid floor with a maximum duration 
of 45 sec. The tone was continued through the shock period, and 
this was followed by a 2-min. intertrial period. Pole-climb latencies 
during tone alone (shock avoidance) and during the shock cycle 
(shock escape) were recorded on a pen polygraph (Lehigh Valley 
Electronics No. 1321-4). 


The subjects, 80 male rats, were trained to a minimum of 75% 
avoidance in three to five 1-hr. sessions. The training sessions were 
once daily on consecutive days, and the animals were retested at 
peak drug effect 24 hr. after the training session in which they 
reached the 75% avoidance criterion. The number of avoidances 
made by the drugged subjects were compared with the appropriate 
saline controls. 


RESULTS 


Forced Motor Activity (FMAhAII drugs produced dose-de- 
pendent decrease in motor performance, and chlorpromazine and 
imipramine produced a decrement exceeding 50%. Thiazesim did 
not quite reach the 50% level at the highest dose, 40 mg./kg. (Fig. 1). 
This was the maximum dose used because pilot studies indicated 
that both 50 and 60 mg./kg. could produce convulsions. The data 
were calculated and presented as the percent of saline scores. 


Spontaneous Motor Activity (SMA)-The SMA data (Fig. 1) 
depict the drug actions as dose-dependent decreases in activity 
and are reasonably straight lines for chlorpromazine and thiazesim. 
The imipramine effects appear biphasic in this and in several other 
measures in this study. This biphasic action will be discussed later. 
The EDso value for imipramine was calculated with only the low 
and medium doses because the latter approaches the 50% level 


Fwd Consumption-The data on this parameter produced a 
fairly linear dose-dependent decrease in food consumption by each 
drug (Fig. 2). The results depicted are percent control values and 
are calculated as the amount eaten, divided by the subject’s weight. 
The subject’s weights did not differ significantly between groups; 
however, the within-group weights varied up to 100 g. For this 
reason the results were weighted in relation to subject’s size. This 
weighting of scores assumed that larger subjects would eat more, 
even under the experimental conditions. This was substantiated by 
the overall mean Pearson correlation coefficient of f0.48 for the 
weight of food eaten per gram of body weight. 


Water Consumption-The inhibitory effects on water consump- 
tion produced by the three compounds are summarized in Fig. 2. 
Although the linearity of chlorpromazine and thiazesim results 
is clear, imipramine again shows a biphasic response. The two 
low doses, one on either side of the 50% level, were used to calcu- 
late the EDso value. 


Maternal Behavior-The results summarized in Fig. 3 failed to 
show a clear log dose-response relationship in most cases. Although 
rough approximations of the respective EDso values do agree with 
the proposed hypothesis, the lack of clear dose-response relation- 
ships is considered ample reason for deletion of these parameters 
from further considerations. The cause of this discrepancy is not 
clear, although there is the possibility that the home cages r20.3 X 
21.6 X 27.9 cm. (8 x 8.5 X 11 in.)] may not have been of sufficient 
size to stimulate the maternal behaviors tested. That is, pups, 


(51.8 %I. 
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Figure 2-Effects of chlorpromazine, imipramine, and thiazesim on food and water consumption. Key: m-, chlorpromazine; A. . ., imipramine; 
and @- - -, thiazesim. 


8 to 10 in. away in the home cage, may have been an inadequate 
stimulus to induce retrieval behavior in some of the animals. 


Mouse-Killing-The data summarized in Fig. 4 indicate that the 
drugs produced a linear log dose-response relationship. The ability 
of chlorpromazine to block muricide, even at the high dose (8 
mg./kg.), is, however, open to question. The test sequences were 
only 60 sec. and, at the highest dose, chlorpromazine appeared to 
induce the expected sedation. To clarify this, after the end of their 
test sequence, some sedated rats were manually jostled and the 
mice were immediately killed by the aroused rat. This was found in 
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eight of the nine subjects receiving 8 mg./kg. of chlorpromazine, 
although the same procedure did not induce killing when used with 
six of the subjects receiving 32 mg./kg. of imipramine or six of the 
subjects receiving 40 mg./kg. of thiazesim. The tranquilizer, there- 
fore, appeared to block mouse-killing mainly due to its sedative 
action. 


Self-Grooming-The results depicted in Fig. 4 show the log dose- 
response relationship for the compounds investigated. Of interest 
is the evident increase in grooming induced by 2 mg./kg. of chlor- 
promazine, although this difference was short of statistical sig- 
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Figure &Effects of chlorpromazine, imipramine, and thiazesim on self-grooming and mouse-killing in the rat. Key: H-, chlorpromazine; 
A. . ., imiprumine; and 0- - -, thiazesim. 


nificance ( p  > 0.05). These results are in agreement with the report 
of Silverman (1 I), which gave data indicating that low doses of chlor- 
promazine significantly increase unstimulated self-washing of the face 
and forepaws. An increase in any behavior after chlorpromazine 
administration is of interest because of this compound’s general 
depressant action. 


Conditioned Avoidance Response (CAR)-The results shown in 
Fig. 5 are for the most part in agreement with those reported 
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Figure 5-Effects of chlorpromazine, imiprumine, and thiazesim on 
the rat pole-climbing conditioned avoidance response. Key: H-, 
chlorpromazine: A. . ., imiprumine; and 0- - -, rhiazesim. 


by Horovitz et a/ .  (6), although these investigators found imi- 
pramine to be more potent in  CAR disruption, This causes no change 
in direction of the ratio values employed by these investigators, 
only an insignificant change in magnitude. 


values were calculated from the best 
fitting straight lines as established by the method of least squares 
(Table I). Exceptions to this method of analysis were the afore- 
mentioned cases involving the biphasic imipramine action in SMA 
and water consumption. In these cases, the line between the lower 
doses transversed or approached the 50% level, and the ED&” 
was calculated from this line. The EDso for the thiazesim effect on 
drinking was calculated after deletion of the lowest of the four 
doses. 


Ratio Values-The ratio values presented in Table 11 are the 
ED50 values of the experimental compounds in the FMA divided 
by their respective ED50 values in the behavioral parameters in- 
vestigated. The ratio values for CAR are listed as <1.0, since the 
EDso% for impramine and thiazesim were greater than the maxi- 
mum doses used. Ratio values greater than unity are, therefore, 
indicative of a “selective” blocking action, a disruption of specific 
behaviors at nondebilitating doses. Ratio values less than 1 show that 
the behavior was blocked by debilitating doses. 


EDw Values-The 


DISCUSSION 


The biphasic aspects of the imipramine action were troublesome 
in analyzing the data. The possibility of multiple experimental 


Table I-Drug Effects on Learned and Unlearned Behavior 


-ED6o Values, mg./kg., i.p.- 
Chlor- 
prom- 


Behavioral Parameter azine Imipramine Thiazesim 
~~ ~~~ ~ 


Forced motor activity 2.48 15.10 43.89 
Spontaneous motor activity 2.51 16.68 29.88 
Food consumption 2.88 21.52 20.56 
Water consumption 2.26 5.09 21.33 
Self-grooming 7.71 14.13 32.10 
Mouse-killing 5.10 11.76 33.30 
Conditioned avoidance response 4.08 >32.00 >40.00 
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Table 11-Ratio Values for Experimental Compounds“ 


Chlor- 
proma- Imi- 


Behavioral Parameter zine pramine Thiazesim 


Spontaneous motor activity 0.98 0.92 1.47 
Food consumption 0.86 0.70 2.14 
Water consumption 1.09 2.96 2.06 
Grooming 0.32 1.07 1.37 
Mouse-killing 0.49 1.28 1.32 
Conditioned avoidance response < 1 . 0 < 1 . 0 < 1 , 0 


~~ 


EDso forced motor activity/EDoo behavior parameter. 


errors was not considered likely; as in the study of SMA, 
eight subjects were used at each dose, including saline controls, and 
a prior pilot study measuring SMA with two subjects per activity 
cage yielded similar results. A close examination of the literature 
revealed that this biphasic effect is not uncommon. Furgiuele et al. 
(12) reported a biphasic imipramine response in SMA testing that 
was parallel to that observed in the present experiment. The biphasic 
imipramine action has also been reported on bulbocapnine and 
paraldehyde depression of motor control (13, 14). Osborne and 
Sigg (15) and Schaeppi (16) reported that the pressor responses to 
epinephrine and norepinephrine injections were potentiated by low 
doses of imipramine and blocked by high doses. This biphasic 
imipramine action in the adrenergic system may be related to its 
effect on drinking, since Grossman (17) and Hutchinson and 
Renfrew (18) have reported that adrenergic stimulation in several 
areas of the brain can greatly modify drinking behavior. In addition, 
Furgiuele et al. (12) also reported a biphasic imipramine effect on 
SMA increased by a compound with adrenergic activity. The work 
of Thoenen et al. (19) may well explain the biphasic imipramine 
action. These investigators studied the perfused cat spleen and 
induced contractions by stimulation of the postganglionic splenic 
nerve. Their data indicate that imipramine, in low doses, augments 
adrenergic responses by inhibiting reuptake of the transmitter; 
in high doses the adrenergic response is inhibited in a manner 
resembling a-adrenergic blockage. Although extrapolation of data 
from actions on isolated tissue to the behavioral responses of the 
whole organism is hazardous at best, the wealth of information 
relating imipramine to adrenergic activity, the reports of biphasic 
imipramine actions, and the desire for explanations of obtained 
results all make the extrapolation possible. 


The present study provides evidence that there is a qualitative 
difference between the effects of a tranquilizer and antidepressant 
compounds on unlearned behaviors. The antidepressants appear to 
block selectively unlearned behaviors which were blocked by chlor- 
promazine only at debilitating doses. The ratio values (Table 11) 
show that 12 of the 15 pairings of the three experimental com- 
pounds could have been predicted on this basis. As discussed 
previously, the biphasic imipramine action in drinking and SMA 
did create some problem in the determination of the EDSO values. 
It should be noted that these two parameters are the only ones 


that did not show an imipramine block at nondebilitating doses. 
The use of only one tranquilizer and two clinically classified anti- 
depressants does make generalizing the results to include the two 
classes quite speculative. However, Horovitz (20) reported at least 
six tranquilizers and six antidepressants had the ratio values of 
FMA ED50/muricide EDs,, characteristic of their respective classes, 
and this suggests that the generalization may be warranted. 
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Absorptiometric, Polarographic, and Gas Chromatographic 
Assays for the Determination of N-1-substituted 
Nitroimidazoles in Blood and Urine 


J. A. F. de SILVA, N. MUNNO, and N. STROJNY 


Abstract 0 This report describes an absorptiometric, a polaro- 
graphic, and a gas-liquid chromatographic assay procedure for the 
quantitative determination of an N-1-substituted 2- and 5-nitro- 
imidazole in blood and urine. Using the same selective extraction 
procedure and thin-layer chromatographic separation of the ethyl 
acetate extracts of blood and urine, the compounds are eluted from 
the silica gel into methanol. A suitable aliquot of this methanolic 
extract can be assayed sequentially using the absorptiometric 
(Bratton-Marshall) assay which has a sensitivity limit of 0.5-1.0 
mcg./ml., or the pulsed polarographic assay (sensitivity limit 0.2- 
0.3 mcg./ml.) or the electron capture-GLC assay using the tri- 
methyl silyl (TMS) derivatives of these compounds (sensitivity 
limit 0.01-0.02 mcg./ml.) for quantitation. Thus the sequential 
analysis of a specimen of blood or urine covers a sensitivity range of 
three orders of magnitude (k., from 0.01 to 10 mcg./ml. of sample). 
The absorptiometric assay was used in the determination of blood 
level fall-off curves and urinary excretion of each compound in a 
dog following the administration of single 10-mg./kg. doses by 
oral and i.v. routes, while the GLC assay was used to extend the 
limits of detection of the absorptiometric assay and to determine 
the blood level fall-off curve in man following a single oral 50-mg. 
dose of Compound I. 


Keyphrases 0 Nitroimidazoles, ,N-I-substituted-determination in 
blood, urine Blood, urine analysis-N-1-substituted nitroimid- 
azoles Polarography-analysis 0 GLC-analysis 0 TLC- 
analysis 0 UV spectrophotometry-analysis 


The nitroimidazole class of compounds has yielded 
several antimicrobial agents that are currently in use as 
trichomonacides (metronidazole)' and amebicides 
(dimetridazole). The above agents are 5-nitroimidazoles 
with antimicrobial activity. The synthesis of 2-nitroimid- 
azole by Beaman et al. (1) and by Lancini and Lazzari 
(2) represents the first total chemical synthesis of this 
antibiotic agent hitherto isolated from a microbial strain 
resembling Nocardia mesenterica. This led to the syn- 
thesis of several N-1-substituted 2- and 5-nitroimidazoles 
which were screened for antimicrobial properties. 


From among these 1 -(2-nitro-1 -imidazolyl)-3-meth- 
oxy-2-propanol (hereafter referred to  as Compound I) 
was synthesized by Beaman (3) and is under clinical 
investigation as a trichomonacidal agent, whereas a- 
chloromethyl-2-methyl-5-nitro-I-imidazoleethanol (here- 
after referred to as Compound 11) was synthesized 
by Hoffer (4) and is under clinical investigation as 
an amebicide. The chemical reactions of I and 
I1 are shown in Scheme I, and the analytical parameters 
used in the sequential analysis of the compounds by 
absorptiometric, polarographic, and gas chromato- 
graphic (GLC) methods are shown in Fig. 1. 


~1-(2-Hydroxyethyl)-2-methyI-5-nitroimidazole (Flagyl, G. D. Searle 


2 1,2-Dimethyl-5-nitroimidazole (Emtryl). 
& C O ) .  


The Ehrlich diazo coupling reaction between diazo- 
benzene sulfonic acid and imidazole or phenol deriva- 
tives in acidic media to  produce colored azo dye- 
chromophores has been widely used in biological 
chemistry for the detection of these physiologically 
important compounds. However, the reaction is inhib- 
ited by N-substitution or the presence of strong electro- 
negative substituents such as the nitro group on the 
imidazole ring. Nitroimidazoles can be detected by the 
Bratton-Marshall method ( 5 )  following reduction of the 
nitro group to  the corresponding amine. Stambaugh 
and Manthei (6 )  used this principle of reducing nitro- 
imidazoles to their amino derivatives, followed by 
coupling with either diazotized sulfanillic acid, p -  
dimethylaminobenzaldehyde, or ninhydrin to produce 
a chromophore characteristic of the coupling agent used 
as a means of differentiating nitroimidazoles. These 
reactions were found to be unsatisfactory for use in sol- 
vent extracts of blood or urine due to  the presence of 
many interfering substances of biological origin. 


The most widely used analytical procedures for the 
analysis of nitroimidazoles in pharmaceutical or agricul- 
tural products has been by the use of polarographic 
techniques (7-lo), which are sufficiently sensitive and 
specific but complicated because of the need of special- 
ized instrumentation. The analytical parameters for the 
polarographic assay were developed by MacDonald et 
al. (1 l), and applied directly in the analysis of Com- 
pounds I and I1 in blood. The method was, however, not 
used for the analysis of biological specimens because of 
the superiority of the GLC assay. 


A rapid and sensitive absorptiometric assay was re- 
ported by Lau et al. (12). It is based on the alkaline 
hydrolysis of N-1-substituted 5-nitroimidazoles to yield 
stoichiometric amounts of the nitrite (-NO*) ion which 
after acidification is used to  diazotize sulfanilamide and 
couple it to N-( 1 -naphthyl)ethylenediamine to  produce 
the characteristic Bratton-Marshall azo dye chromo- 
phore (5 ) .  The authors found, however, that N - l -  
substituted 2-nitroimidazoles also undergo a similar 
reaction, and this principle was used to develop the 
absorptiometric assay described for the determination of 
both I and I1 in blood and urine with a sensitivity limit 
of 0.5-1.0 mcg. of compound/ml. of blood or urine and 
an overall recovery of about 70 %. The TLC separation 
of the ethyl acetate extract was required to ensure the 
specificity of the assay. 


The highly sensitive and specific polarographic and 
GLC assays described use the same extraction, thin- 
layer chromatographic separation, and methanolic elu- 
tion steps described in the absorptiometric assay. Suit- 
able aliquots of the methanolic solution are evaporated 
to  dryness and analyzed sequentially by the polaro- 
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graphic and/or GLC assays as shown in Fig. 1. The GLC 
assay requires that both I and I1 be reacted with the 
silylating reagents at room temperature for 15 min. to  
produce their respective trimethyl silyl (TMS) deriva- 
tives (Scheme I). These derivatives are very sensitive to  
detection by electron-capture GLC and can be quanti- 
tated in the nanogram (lop9 g.) to  picogram (1O-I2 g.) 
range. The GLC method has an overall recovery of 
83% and a sensitivity limit of 0.01-0.02 mcg. of Com- 
pound I/mL of blood. The method was applied to the 
determination of a blood level fall-off curve of Com- 
pound I in man, following a single oral 50-mg. dose and 
in extending the limits of detection of the absorptio- 
metric assay. 


EXPERIMENTAL. 


Absorptiometric Assay in Blood and Urine 


Standard Solutions of Compounds I and 11-Compound I- 


(3) C7HuN30,, mol. wt. 201.18, m.p. 111-114" 


C7HlSN3O3Cl, mol. wt. 219.5, m.p. 77-78' 


Compound II- 


(4) 
A. Stock Solution-Dissolve 10 mg. of Compound I in 100 ml. of 


methanol (100 mcg./ml.) in an actinic flask, store refrigerated, and 
make fresh weekly. 


B. Working Solution-Dilute 1 ml. of A to 10.0 ml. with methanol 
(concentration 10 mcg./ml.). Make fresh daily. Aliquots of this solu- 
tion (B) are evaporated to dryness and the residues are redissolved 
in blood and used as internal standards. Stock solution A' and work- 
ing solution B' for Compound I1 are also prepared as described 
above. 


Reagents-All reagents used were of analytical reagent grade 
purity (>98 %) and all inorganic reagents were made up in distilled 
deionized water (d.d.w.). 


1 .O A4 (pH 9.0) H3B03-NazC03-KC1 buffer solution: dissolve 
62.8 g. of orthoboric acid (H3B03) and 74.6 g. of KCl/I. of distilled 
deionized water. Dissolve 106 g. of Na2C03/1. of distilled water. To 
630 ml. of the boric acid-KCI solution, add 370 ml. of the NazC03 
solution to make 1 1. of buffer solution. Shake well, check the pH, 
and adjust it to pH 9.0 if necessary with the Na2C03 solution. The 


I Sulfanilamide I 


CHROMOPHORE 


X mox. = 545 Sens 1-2 mcglml 


final solution is 1 M with respect to H8BO3-NaZCO3-KCl and should 
be stored at 37" to prevent the salts from crystallizing out of solu- 
tion. The following are also used: methanol, absolute, reagent 
grade; NaCI, reagent grade crystalline salt; 0.1 N NaOH in distilled 
deionized water; and 4.0 N HCI in distilled deionized water. To 
make the 0.1 sulfanilamide solution, use p-aminobenzene-sul- 
fonamide, mol. wt. 172.21, m.p. 163" (Matheson). Dissolve 
100 mg. sulfanilamide in 5 ml. of glacial acetic acid and bring 
to 100 ml. with distilled deionized water. Bratton-Marshall coupling 
reagent N-( 1-naphthy1)ethylenediamine. 2HC1 (Eastman), mol. wt. 
259.25, m.p. 190". Dissolve 100 mg. in 100 ml. of distilled 
deionized water. Ethyl acetate, reagent grade (Mallinckrodt) was 
the extracting solvent. 


Procedure-Into a 40-ml. glass-stoppered centrifuge tube, add 
2 ml. of blood or urine specimen, 4.0 ml. of pH 9.0 buffer solution, 
5 g. of NaCI, and 15 ml. of ethyl acetate. 


With each series of samples, run a 2.0-ml. specimen of control 
blood or urine (preferably taken from the subject prior to medica- 
tion or from a pooled control source) and a set of internal standards 
consisting of 2.0-ml. specimens of control blood or urine added to 
2.5,5.0, and 10.0 mcg. each of Compound I or I1 [0.25,0.50, and 1.0 
ml. of the methanol working solution (B or B'), respectively, is 
evaporated to dryness under a stream of nitrogen at 35-40"]. 
Stopper the tubes (seal with a drop of distilled water), shake for 10 
min. on a reciprocating shaker, centrifuge (0-5 ") for 10 min. at 2000 
r.p.m., and transfer the clear supernatant into a 15-ml. centrifuge 
tube. Repeat the extraction with another 10-ml. aliquot of ethyl 
acetate and centrifuge. While this step is in progress, evaporate the 
first ethyl acetate extraction in a 50" water bath under nitrogen to a 
small volume = 1 ml. Combine the second extraction with the first 
and evaporate to dryness at 50" under nitrogen. Dissolve the 
residue in 100 pl. of ethyl acetate and transfer quantitatively 
onto a 20 X 20-cm. precoated (Silica Gel F254) Brinkmann TLC 
plate. The TLC plate should be ruled into strips 2.54 cm. (1 in.) in 
width prior to the application of the samples. This is done to prevent 
the samples from diffusing into each other and also for a more uni- 
form development of the chromatogram. Rinse the tube with 50 pl. 
of methanol and combine the wash on the TLC plate. External 
standards of 50 mcg. of Compounds I and I1 [ O S  ml. of stock solu- 
tion(A or A'),respectively,are evaporated to dryness under nitrogen, 
the residue dissolved in 100 pl. of ethyl acetate, and transferred onto 
the TLC plate] are run alongside the sample extracts. The plate is 
developed in a vapor-saturated tank in chloroform-acetone-glacial 
acetic acid (85:10:7.5) until the solvent front has ascended 12-15 
cm. The area on the TLC plate corresponding in R, to that of the 
external standards of Compound I ( R ,  = 0.25-0.30) or Compound 
I1 ( R ,  = 0.35-0.40), respectively, is delineated using a sharp stylus. 
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BLOOD or U R I N E  


R e s p e c t i e  Aliquots Are Evaporated To Dryness Under Nitrogen 
I 


Dissolve residue in 


O.IN NaOH ,hydrolyze 


0.5 ml 


Dissolve residue in 


I 
NO2- conc : detn. by 


B R A T T O N - M A R S H A L L  
COLORIMETRIC M E T H O D  


Sens: 1-2 mcglrnl Sens. 0 . 2 -  0 . 3  mcg/ml 


It must be noted that the visibly detectable limit ofeither Compound 
I or I1 on the TLC plate under shortwave UV is about 5-15 mcg. 
Amounts below this cannot be visibly defined; hence an area on the 
TLC plate 6.451 cm. 2 (1 in.2) corresponding to the R f  of the authen- 
tic standard is delineated, the silica gel is carefully scraped off, and 
transferred quantitatively into a 15-ml. centrifuge tube. The silica 
gel is eluted with 2 ml. of absolute methanol by slurrying for 1 min. 
on a vortex high-speed supermixer. The sample is centrifuged and the 
supernatant is decanted off carefully into another 15-ml. tube. The 
silica gel is reeluted with another 2-ml. aliquot of methanol as 
before, centrifuged, and the supernatants are combined. A 1 .O-ml. 
aliquot of the methanolic solution is set aside for polarographic or 
GLC assay (if desired). The remaining supernatant ( 5 3 . 0  ml.) is 
evaporated to dryness under nitrogen in a 50" water bath and the 
residue is dissolved in 2.0 ml. of 0.1 N NaOH. However, if the 
sequential analysis of the sample using the polarographic and/or 
GLC assays is not required, then the entire sample is used for the 
absorptiometric assay. 


At this stage external standards of Compound I or I1 in amounts 
of 2.5,5.0, and 10.0 mcg. (0.25,0.50, and 1.0 ml. of standard solution 
B or B', respectively, are evaporated to dryness under nitrogen in a 
50" water bath and the residues dissolved in 2.0 ml. of 0.1 N NaOH) 
are included for the determination of percent recovery and for estab- 
lishing an analytical standard curve, Fig. 2A and B. 


In the assay for Compound I only, transfer all the sample tubes 
and the external standards to a 100" water bath, allow to equilibrate 
for 5 rnin., stopper the tubes by sealing them with a drop of distilled 
water, and hydrolyze for 45 min. at 100". In the assay for Com- 
pound 11, however, all the sample tubes and external standards are 
hydrolyzed photolytically by irradiating them for 60 min. with UV 
energy from a Pyro Lux R-57 lamp (Luxor Corp., N. Y.). The 
samples are placed in a single row 30.48 cm. (12 in.) in front of the 
lamp which is housed in a aluminum foil-lined reflector box. 


After hydrolysis, the samples are cooled in ice and acidified by 
adding 1.0 ml. of 4 N HCI. The samples are swirled on the vortex 
supermixer for 1 min. while cold, 0.5 ml. of 0.1 sulfanilamide solu- 
tion is added, and the samples swirled again for 1 min. on the super- 
mixer. Finally,O.S ml. of the coupling agent is added,the samples are 
swirled again on the supermixer for 1 min., and then allowed to 
stand at room temperature in the dark for 15 min. (minimum) to  30 
min. (maximum) for full color development. 


0.2 ml Q 
Disslove residue in diethyl ether 
8 react with Silyloting reogents 
TMS-  Derivatives of Compound I 
and Compound ll 


I 


c 
Analysed by 


ELECTRON C A P T U R E  - GLC 


Sens 0 01-0 0 2  mcg/ml 


Figure 1-Flow diagram of the 
sequential analysis of blood and 
urine for the determination of 
Compounds I and II .  


The absorbance of the Bratton-Marshall chromophore produced 
in each solution (final volume = 4.0 ml.) is measured in a 1-cm. path 
cell at 545 mp in a Beckman DU or equivalent spectrophotometer. 


Calculations-All biological samples are corrected for control 
(blank) values, and the external standards are corrected for reagent 
blank values. 


Determination of Unknowns-The concentration of Compound I 
or I1 in the unknowns is determined by direct comparison of the 
absorbance of the unknowns to the mean absorptivity value of the 
three concentrations of the respective recovered internal standards 
thus: 


unknowns 1 
[a/mcg./ml.] int. std. ml. of sample 


= mcg. of Compound I or II/ml. of blood or urine 


Determine the A/mcg./ml. value of each of the three concentra- 
tions of recovered internal standards and calculate the mean A/mcg./ 
ml. value of those standards. Use the mean value for determining 
the concentration in the unknowns. 


Determination of Percent Recovery-The percent recovery of each 
internal standard is determined by direct comparison of the absor- 
bance of the recovered internal standard against that of the corre- 
sponding external standards thus: 


[A/mcg./ml.] of int. std. X 100 = percent recovery [A/mcg./ml.] of ext. std. 


Polarographic Analysis 


Procedur-The sample preparation was carried out as described 
for the absorptiometric assay up to the point where the compound is 
eluted off the silica gel successively with 2 x 2 ml. of methanol, the 
sample is centrifuged, and the supernatants are combined in a 15-1111. 
tube and a 1.0-mI. aliquot is set aside for polarographic or GLC 
assay (if desiied). A 0.2-ml. aliquot of this sample is set aside for 
GLC analysis and the rest is evaporated to dryness under nitrogen. 
The residue is dissolved in 5 ml. of 0.1 N NaOH and then transferred 
into the polarographic cell. The three-electrode assembly is placed 
in the sample solution and the sample is deoxygenated with nitro- 
gen for 2 min. The solution was analyzed in the differential pulse 
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NaNOz CONCN. : rncg. NOz-/ml. OF FINAL SOLUTION 


Figure 2A-Standard curves of Bratton-Marshall chromophores of 
nitrite ion released by the alkaline hydrolysis of Compound I (ex- 
ternal standards and internal standards recovered from blood in- 
cluding TLC) compared against an equivalent NaN02 reference curve. 


mode using instrumental parameters which will be published else- 
where (11). 


The halfwave potential El/,  = -0.50 v. for the nitro group reduc- 
tion of Compound I and -0.59 v. for the nitro group reduction of 
Compound 11, respectively. The peak area was calculated using 
height x width at half-height (cm.) and the sensitivity limit was 0.30 
mcg. of I or II/ml. of final solution. A typical polarogram of the ref- 
erence standard versus that of an internal standard of 5 rncg. each 
of Compound I or I1 recovered from blood is shown in Fig. 3. 


Gas Chromatographic Assay in Blood and Urine 


Principle-The GLC assay uses the same extraction procedure 
from blood or urine and the same TLC separation step as the 


COMPOUND I 
A B 


STANDARD SOLUTION BLOOD EXTRACT CONTAINING 
I mcg I ml 


I 
I mcg I ml 


-0.50 v 
4 


0 2.5 5 7.5 10 12 15 20 25 
TOTAL : rncg. COMP. 11/4rnl. OF FINAL SOLUTION 


0.0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 
NaNOz CONCN. : rncg. NOa-/rnl. OF FINAL SOLUTION 


Figure ZB-Standard curves of Bratton-Marshall chromophores of 
nitrite ion released by the photolysis in alkali of Compound I I  (ex- 
ternal standards andinternal standards recovered from blood including 
TLC) compared against an equivalent NaN02 reference curve. 


absorptiometric assay. The silica gel covering a 6.45 cm.2 (1 in.3 
area corresponding in R/ to that of an external standard of Com- 
pound I or I1 is scraped off and eluted with methanol; the eluate is 
transferred to a fresh tube, evaporated to dryness, and the residue is 
vacuum dried. The residue is reacted with the silylating reagents to 
yield the trimethyl silyl (TMS) derivatives of I and 11, respectively 
(Scheme I) and is quantitated by electron-capture GLC. The sensi- 
tivity limit of detection is of the order of 10-20 ng. of compound/ 
ml. of blood or urine. 


Reference Standard for GLC Assay-Since the assay involves 
several steps at which losses of compound are unavoidable, such as a 
TLC separation and a TMS derivatization step prior to quantita- 
tion, the use of a reference standard as a means of correcting for 
individual variations in recovery is good analytical practice. For this 


COMPOUND II 
C D 


STANDARD SOLUTION BLOOD EXTRACT CONTAINING 
I mcglml I mcg/ml 


-0.59 v 


-0.59 v 
4 


E. VOLTS VJ. S.C.E. 


Figure 3-Polarograms of standard solutions (A and C) and blood extracts (B  and D) containing an added amount of Compounds I and ZZ, 
respectively. 
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purpose in the analysis of Compound I from biological media, an 
analogous nitroimidazole Compound I1 is used as the reference 
analytical standard and vice versa. 


Standard Solutions-Compound I-Use working solution B from 
the absorptiometric assay (10 mcg./ml.). Suitable aliquots of solu- 
tion B are evaporated to dryness and used as internal standards 
added to blood or urine for the determination of percent recovery. 
Aliquots of the same solution B are evaporated to dryness and used 
as external standards for determining the GLC standard curve. 


Compound II Reference Standard-1 -(3-Chloro-2-hydroxypropyl)- 
2-methyl-5-nitroimidazole, empirical formula CiHloN3O3C1, mol. 
wt. 219.5, m.p. 77-78". The stock solution (A') and the working 
solution (B') are made up as described for Compound I (see 
Absorptiometric Assay). 


Parameters for GLC Analysis-Column-The column packing 
was a preconditioned phase containing 3 OV-17 on a 60/80 mesh 
Gas Chrom Q (Applied Sciences, State Park, Pa.) packed in a U- 
shaped 1.83-m. (6-ft.), 4-mm. i d .  borosilicate glass column. 


Instrumental Parameters for GLC-A Micro-Tek gas chromato- 
graph, model MT-220 (biomedical), was used equipped with a 63Ni 
electron-capture detector containing a 10 mc. 63Ni p-ionization 
source. Argon-methane (90: 10) (oil pumped and dry) was used as 
the carrier gas, the column head pressure being adjusted to 40 psig. 
and the flow rate to 115-120 ml./min. The temperature settings were 
as follows: oven, 180"; injection port, 220"; detector, 290". The 
conditions of column head pressure, flow rate, and oven temperature 
must be adjusted so as to obtain retention times of 5 and 6.5 min., 
respectively, for the TMS derivatives of Compounds I and 11. A 
typical chromatogram is shown in Fig. 4. The solid-state electrom- 
eter (model No. 8169) input was set at lo2 and the output attenua- 
tion was 16, giving a response of about 1.0 X amp. for full- 
scale deflection (fsd); the chart speed was 76.2 cm./hr. (30 in.); and 
the time constant on the 1.0 mv. Honeywell recorder (model No. 
194) was 1 sec. (fsdj. The response of the C3Ni electron-capture de- 
tector (operated in the pulsed d.c. mode) to the TMS derivatives of 
Compounds I and I1 showed maximum sensitivity at 30 v., at a 270- 
psec. pulse rate and a 3-psec. pulse width. Under these conditions a 
concentration of the TMS derivatives of 1 ng. of 1:1.25 ng. of I1 
gives nearly full-scale pen response on the 1.0-mv. recorder. 


Calibration of Compound I by GLC-A calibration (external 
standard) curve of the peak area ratio of TMS-Compound I/TMS- 
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Compound I1 versus concentration of Compound I/ml. of n-hexane 
(final solution) is constructed as shown in Fig. 5A. Determine the 
electron-capture detector response ratio of the TMS derivatives of 
Compounds I and I1 using the formula: 


response of Compound I - 
response of Compound I1 - 


peak area [height (cm.) X width at half-height (cm.)] of Compound I 
peak area [height (cm.) X width at half-height (cm.)] of Compound I1 


A fresh calibration curve is prepared for each day of analysis to 
establish the reproducibility of the GLC system. A similar curve of 
the added internal standards recovered from blood is also con- 
structed. The amount of Compound I per aliquot of the unknown 
sample injected is calculated from the internal standard curve. In the 
analysis of Compound 11, an external standard curve of the com- 
pound is constructed as shown in Fig. 5C using Compound I as the 
reference standard. 


Since the peak area response ratio of Compound I :Compound 11 
in any given sample is constant irrespective of the actual volume of 
sample injected, the concentration in the unknowns is obtained 
directly from the internal standard curve. Since the internal stan- 
dards and unknowns are all dissolved in 1 ml. ofn-hexane, there is no 
dilution or aliquot factor to be considered, unless the sequential 
analysis of the sample is employed (Fig. 1). The recovery factor for 
both internal and reference standards remains constant throughout 
and is not needed for the calculation of the unknowns. 


Calculation of Unknowns- 


concn. (ng.) in unknown (extrapolated from int. std. curve) 
ml. of sample assayed 


factor = mcg. compound/ml. of blood or urine 
1 0 - 3  


where ng. compound = amount in the aliquot of sample injected 
extrapolated from the internal standard curve; dilution (aliquot) 
factor = sample aliquot (from sequential analysis if employed); 
and = conversion factor for nanograms to micrograms. 


I I I  
+Rt i 6 5 min i  -I 
I 


A REAGENT BLANK I CONTROL DOG BLOOD C. INTERNAL STANDARDS RECOVERED FROM DOG BLOOD 


B EXTERNAL STANDARDS 0 .  I2  hr. BLOOD POST 138 mg ORAL DOSE OF I IN A DOG 


Figure &Chromatograms showkg the electron-capture GLC analysis of the TMS derivatives of: (A and B) the authentic standards of I and I1 
and (C and D) Compounds tatid I t  recovered from blood in vitro and in vivo. 
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Figure 5-Standard curces of the electron-capture detector respoiise 
to the TMS dericatices of Compound I using Compouiid I1 as the 
reference standard (A/B) aiid vice versa (C/D). 


Sample Preparation for GLC Analysis of Blood and Urine- 
Reagents-Same as for the Absorptiometric Assay. In addition the 
following silylating reagents are required: hexamethyldisilazane 
(HMDS); trimethylchlorosilane (TMCS, Applied Science Labs, 
State College, Pa.); ti-hexane, Fisher Spectrograde reagent (anhy- 
drous). 


Procedure for Blood a/id Uririe-Into a 40-ml. glass-stoppered 
centrifuge tube, add 50 pl. of reference standard solution B' of Com- 
pound I1 equivalent to 500 ng. and evaporate off the ethanol under 
nitrogen. Add a 2-ml. specimen of blood or urine and mix sample for 
1 min. on a vortex high-speed mixer. Then add 4.0 ml. of pH 9.0 
borate buffer, 5.0 g. of NaCI, and 15 ml. of ethyl acetate to the 
sample tube. Stopper the tube (sealing it with a drop of distilled 
water). Along with the unknowns, run a 2-ml. control specimen of 
blood or urine (taken prior to medication) and triplicate control 
specimen added to the residues of 250, 500, and 750 ng. of Com- 
pound I(25, 50, and 75 pl.  of solution B) as the internal standard 
and 500 ng. of Compound I1 (50 p l .  solution B') as the reference stan- 
dard. If the sequential analysis of thesamples is used(Fig. I), then 
500 ng. of Compound I1 must be added to the aliquots taken of both 
internal standards and unknowns, the methanol evaporated to dry- 
ness, and the residues silylated as described. Follow the entire extrac- 
tion procedure, TLC separation of the ethyl acetate residue, and 
methanol elution of the respective silica gel areas corresponding to 
Compound I (Rf = 0.3) and Compound I1 (Rf = 0.4) as described 
in the absorptiometric assay. However, in the GLC assay only, the 
silica gel areas of Compounds I and I1 are combined in a 15-ml. 
centrifuge tube prior to elution into methanol. The samples are then 
eluted successively with 2-ml. portions of methanol by slurrying for 
60 sec. on a vortex high-speed supermixer. The samples are centri- 
fuged, the clear supernatant transferred quantitatively (by decant- 
ing) into another 15-ml. centrifuge tube, evaporated to dryness at 
50" under nitrogen, and vacuum-dried for 15 min. (under mild 
vacuum) to remove all traces of moisture. 


At this point in the assay a series of external standard solutions of 
Compound I covering the concentration range of 100 to 750 ng. in 
suitable increments are prepared for the determination of the exter- 
nal standard curve. Suitable aliquots of standardsolution B, Com- 
pound I, are pipeted into 15-mI. centrifuge tubes into which 50 fil. 
of solution B' containing 500 ng. of Compound I1 (the reference 
standard) are added. The methanol is evaporated to dryness and 
vacuum-dried to remove all traces of moisture. These standards are 
processed along with the sample extracts to standardize the silyla- 
tion process. 


The residues are dissolved in 250 pl .  of diethyl ether followed 
immediately by the successive addition of 40 pl. of HMDS and by 20 
pl. of TMCS (silylating reagents) into the ether solutions. The tubes 
are stoppered immediately and mixed vigorously on a vortex super- 
mixer for 60 sec. and then allowed to stand at room temperature 
(25 ") for 15 min. to effect complete silylation of the two compounds. 
During this time period the samples are mixed again on the vortex 
mixer about 5-6 min. after the addition of the reagents. The sample 
tubes will develop a white precipitate of NH,CI due to the silylation 
reaction. This precipitate does not affect the reaction since the sily- 
lating reagents are present in a large excess relative to the amount 
of compound to be silylated. 


After the 15-min. reaction period, the tubes are unstoppered and 
the solvent is evaporated to dryness under nitrogen at room temper- 
ature to remove the ether and all of the silylating reagents. The TMS 
derivatives are dissolved in 1 ml. of ti-hexane and suitable aliquots of 
these standards are injected into the GLC instrument for preparing 
the external standard curve. This standard curve is required to 
establish the reproducibility of the GLC system and also for recovery 
determination. All the sample residues are also dissolved in 1 ml. of 
n-hexane (anhydrous) added to each tube, stoppered, and mixed well 
for 60 sec. on a vortex supermixer to dissolve the TMS derivatives. A 
suitable aliquot of this it-hexane extract (1-10 PI.) is injected into the 
gas chromatograph for the quantitation of Compound I. The large 
dilution is necessary because of the high sensitivity of the electron- 
capture detector to the TMS derivatives of these compounds and 
also to reduce the sample blank. 


Determination of Perceiit Recorery-The use of a reference 
standard (Compound 11) in the analysis, together with the internal 
standard (Compound I) added to blood or urine, eliminates the need 
to determine the percent recovery obtained with each run. Once the 
actual recovery factor has been experimentally determined by GLC 
(uiz., 83 ir 2.5% for Compound I and 65 k 5.0% for Compound 
II), this factor can be assumed to be constant throughout. Since the 
relative recovery of each compound is assumed to remain constant, 
any change in the overall recovery of one would be automatically 
reflected in the recovery of the other to the same degree. Hence, 
irrespective of the actual recovery of each, the response ratio of the 
electron-capture detector would be constant and thus compensate 
for any variations incurred in sample processing, Consequently the 
response ratio of the TMS derivatives of Compound I/Compound 
I1 in the recovered internal standards and in the unknowns would 
reflect the relative amounts of each compound present irrespective 
of the actual recovery obtained. 


If the determination of the actual recovery is desired, then pro- 
ceed as follows : prepare a series of standards of either Compound I 
or I1 (100 to 1000 ng.) added to blood or urine as before but without 
the addition of the appropriate reference standard. Prepare the 
samples as described up to the silylation reaction step. At this point, 
add 250 ng. of Compound 1 or 500 ng. of Compound I1 (reference 
standard) to the appropriate series of samples and vacuum dry the 
residues. Continue with the silylation reaction as described pre- 
viously, dissolving the final residue containing the respective 
TMS derivatives in 1 rnl. of if-hexane. A suitable aliquot of this 
solution (1-10 PI.) is analyzed by GLC. The peak area response ratio 
of the recovered standards is directly compared against that of the 
external standards to determine the percent recovery of Compound 
I or 11, respectively. 


Calculation of Percerit Recocery of Added Standards-The peak 
area response ratio of the recovered standards is plotted against 
concentration of the added standards of Compound I (Fig. 5B) to 
construct a blood-recovery curve. The slope of this curve is com- 
pared directly with that of the external standard curve of Compound 
I (Fig. 5A) to obtain the overall percent recovery. The same pro- 
cedure is applied in the determination of the recovery of Compound 
I1 using Compound I as the reference standard. The slope of the 
blood-recovery curve of I1 (Fig. 5D) is compared directly with that 
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of the external standard curve (Fig. 5C) to determine the overall 
recovery. Alternatively, the response ratio of any one recovered 
standard is compared directly with that of the same concentration 
of the external standard, thus: 


[peak area response ratio] rec. std. 
[peak area response ratio] ext. std. X 100 = % recovery 


The sensitivity of the GLC method is of the order of 0.01-0.02 mcg. 
of either Compound I or Compound Il/ml. of blood or urine, but 
the overall recovery from blood of Compound I is of the order of 
83 f 2.5%, whereas that for Compound 11 is 65 * 5.0% (Table I). 


RESULTS AND DISCUSSION 


A systematic investigation of suitable analytical parameters for 
use in the quantitation of N-1-substituted nitroimidazoles was 
undertaken in the development of suitable analytical procedures. 


The UV absorption spectra of the two compounds determined in 
0.1 N HCI showed absorption maxima at 325 mp (A/mcg./ml. = 
0.038) for Compound I and at 278 mp (A/mcg./rnl. = 0.029) for 
Compound 11, respectively. The specific absorptivity was sufficient 
to quantitate 10-100 mcg. of each compound/ml. of final solution. 
The determination of the extractability of these compounds into 
organic solvents from blood buffered at different pH values was 
done initially using the UV absorption of these compounds in 0.1 N 
HCI for quantitation. It was determined that using ethyl acetate as 
the extracting solvent gave better than 90% recovery of these nitro- 
imidazoles from blood buffered to pH 9.0. The recovery declined 
significantly at pH values greater or less than 9.0. 


The ethyl acetate extract was evaporated to dryness, the residue 
dissolved in 0.1 N HCI, and backwashed with diethyl ether as a 
cleanup step prior to quantitation in the UV. Not withstanding the 
cleanup of the sample, high UV absorption values from control 
blood suggested the incorporation of a TLC separation step for 
specificity and additional cleanup of the sample prior to quantita- 
tion. The sensitivity limits of the UV assay were unsatisfactory for 
use as a routine method due to high blank values from control blood 
and urine. 


The principle of the sensitive absorptiometric assay reported by 
Lau r f  u/. (12) was used to advantage in the absorptiometric assay 
described for the quantitation of these nitroimidazoles in blood and 
urine. The kinetics of the hydrolysis (at 100") of Compound I to the 
-NO, ion indicated that the reaction was complete in 45 min., giving 
a >80% yield of nitrite ion. The yield was linear with concentration 
(2.5-25 mcg./4 ml.) measured against an external standard curve of 
NaNOn in concentrations equivalent to a theoretical 100% yield of 
-NO2 from Compound I (Fig. 2A). Following diazotization of sul- 
fanilamide with the released -NOzions, coupling of the diazonium salt 
with N-( 1-naphthyl) ethylenediamine.2 HCI to form the characteris- 
tic Bratton-Marshall azo dye chromophore was complete in 30 min. 
The hydrolysis of Compound I1 (at 100") to the -NOz ion however 
was erratic. Although the overall yield was >70% it was not very 
reproducible. The compound was noted to be unstable to light 
exposure, the investigation of which led to the finding that the com- 
pound undergoes photolysis to the -NO2 ion in alkali when irradiated 
with UV energy from a Pyro Lux R-57 lamp. The kinetics of the pho- 
tolysis of Compound I 1  in alkali to yield -NO* indicated that the 
reaction was complete in 60 min., giving a >SO% yield of nitrite ion. 
The yield was also linear with concentration (2.5-25 mcg./4 ml.) 
(Fig. 2B). 


Due to the intense color of the chromophore and its high absorp- 
tion, the useful range for quantitation was in the concentration 
range of0.25-5.00 mcg./ml. of final solution, Fig.2A and 2B,respec- 
tively. Concentrations of either compound greater than 5.0 mcg./ml. 
should be diluted. 


Initial recovery experiments were conducted from blood buffered 
to pH 9.0, extracted into ethyl acetate, the residue of which was 
hydrolyzed directly in alkali and quantitated by the Bratton- 
Marshall procedure. The erratic recoveries and high blank values 
obtained indicated the need for extensive cleanup of the sample 
prior to quantitation. The incorporation of a TLC separation step 
to ensure specificity and sample cleanup, the use of deionized dis- 
tilled water to reduce possible contamination with nitrite or nitrate 
ions in preparing the reagents, and the use of NaCl to salt out the 
lipoproteins after buffering the blood or urine to pH 9.0 with 1.0 M 
borate buffer achieved the necessary cleanup of the sample. The 
residues of the ethyl acetate extracts on TLC analysis were free of 


Table I-Recovery of Compounds I and I1 from Blood and 
Urine Determined by the Electron-capture GLC Assay 


ng. Compd. ng. Compd. 
Added/2 ml. Recovered Recovery 


A-Recovery of Compound I from Blood 
250 210 84.0 
500 425 85.0 
750 600 80.0 


lo00 845 84.5 


B-Recovery of Compound I1 from Blood 
Mean 83.4 i 2.5  


250 170 
500 315 
750 5 30 


lo00 600 
Mean 65.5 =I= 4.9 


68.0 
63.0 
71 .O 
60.0 


C-Recovery of Compound I1 from Urine 
250 
500 
750 


Mean 82.0 =I= 5.4 


22 I 
397 
588 


88.2 
79.4 
78.4 


interfering substances, especially in the areas on the chromatoplate 
corresponding in RJ to that of Compounds I and 11. 


The final procedure yielded an overall recovery for Com- 
pounds I and I1 of 72 i 5 . 7 z  and 70 i 7.2% from blood, respec- 
tively (Table 11, A and C). The recovery from blood was linear in the 
concentration range of 2.5-25 mcg./4 ml. of final solution (Fig. 2A 
and 2B). The recovery from urine was of the order of 59 and 53 %. 
respectively (Table 11, B and D). The sensitivity limit of the assay is 
0.50-0.60 mcg. of Compound I or 1-2 mcg. of Compound II/ml. of 
blood or urine using a 2-ml. specimen per assay and a 2 : 1 sample- 
blank absorbance ratio as the limit of detectability. 


The sensitivity limits of the absorptiometric assay can be extended 
into the submicrogram range using the polarographic assay and 
further extended into the nanogram range using the GLC assay. 
Therefore, if thesequential analysis of a specimen of blood or urine is 
undertaken as shown in Fig. 1 ,  the ultimate sensitivity limit of 
quantitation obtained is of the order of 10-20 ng. of compound /ml. 
of blood or urine by electron-capture GLC. The polarographic assay 
was not investigated in any great detail since its usefulness in the 
analysis of nitroimidazoles in general has already been demonstrated 
(7-11). However the recovery of 5-15 mcg. of Compounds1 and I1 
was determined to be of the order of 47 and 60%, respectively, with 
a limit of detectability of 0.3 mcg. of compound/ml. of blood. 


The relatively low melting point and the presence of the -NOz 
group in the imidazole ring of these compounds suggested that they 
could be readily quantitated by electron-capture GLC with potential 
sensitivities in the nanogram range. However, initial attempts at 
GLC analysis revealed very poor response characteristics with min- 
imum detectability in the I-5-mcg. range together with tailing peaks. 
It was apparent that the polar hydroxyl groups present in the side 
chain of the molecules (Scheme I) were interacting with the polar 
liquid phase to cause tailing and also possibly reduce the electron- 
capture response of the -NOz group due to inductive effects on the 
imidazole ring. The silylating of hydroxyl groups on aliphatic side 
chains and in sterically unhindered aromatic rings is known to 
proceed readily at room temperature (13). The preparation of suit- 
able silyl derivatives of these compounds was effected using diethyl 
ether as the solvent and was found to proceed almost instantane- 
ously at room temperature when reacted with hexamethyldisilazane 
(HMDS) synergized by trimethylchlorosilane (TMCS). The reaction 
products were analyzed by TLC using the solvent system heptane- 
CHC1,-ethanol, 50:50: 10 (v/v). The chromatoplate showed the 
presence of a single UV absorbing spot ( R ,  = 0.50) for the tri- 
methyl silyl (TMS) derivatives of Compounds I and 11. No residual 
I ( R ,  = 0.20) or I1 ( R ,  = 0.25) was seen on the plate, indicating 
complete reaction. The TMS derivatives when eluted off the silica 
gel with diethyl ether and analyzed by GLC gave excellent response 
to the electron-capture detector with nanogram range sensitivity with 
well-resolved peaks demonstrating the feasibility of the method. An 
aliquot of the n-hexane solution of the reaction mixtures when ana- 
lyzed directly by GLC also gave a single sharp well-resolved peak 
with the same retention time and sensitivity as the respective TLC- 
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Table II-Recovery of Compounds 1 and 110 from Blood and 
Urine Determined by the Bratton-Marshall 
Absorptiometric Assay 


Internal External 
mcg. Added/ Standard, Standard, 
2 ml. Blood E/mcg./ml. E/mcg./ml. Recovery 


A-Recovery of Compound I from Blood 


10.0 0.110 0 i76 63.0 
15.0 0.151 0.201 75.0 
15.0 0.144 0.201 71.6 
20.0 0.139 0.176 79.0 
20.0 0.137 0.172 79.7 
20.0 0.146 0.194 75.3 
25.0 0.152 0.198 76.8 


B-Recovery of Compound I from Urine 


C-Recovery of Compound I1 from Blood 
2.5 0. loo 0.174 58.0 
2.5 0.104 0.174 59.8 
5.0 0 .  116 0 .  174 66.7 
5 .0 0.114 0 i74 65.8 


10.0 0.132 0.166 79 5 
10.0 0.124 0.166 74.7 
10.0 0.118 0.164 72.2 
10.0 0.082 0.128 64. I 
10.0 0,083 0.128 64.8 
10.0 0.096 0.136 70.6 
20.0 0.137 0.166 82.5 
20.0 0.101 0.140 72.1 
20.0 0.102 0.140 73.1 


D-Recovery of Compound I1 from Urine 
10.0 0.068 0.128 53.1 
10.0 0.066 0.128 51.6 


Mean 69.53 f 7.21 


u Compound I is I -(3-mcthoxy-2-hydrox~propyl)-2-nirroimid~1zol~; 
Compound I 1  is I-(3-cl~loro-~-hydroxyprop~l)-2-methyl-5-n~troimid- 
azolr.. 


isolated TMS derivatives, indicating that the reaction products were 
homogeneous and free from codaminating impurities. The silica 
gel area on the TLC plate corresponding in R/  to that of any un- 
reacted residual parent compound that may have been present in 
the reaction mixture but undetectable by UV was eluted with 
methanol, evaporated to dryness, resilylated using the HMDS- 
TMCS mixture, and reanalyzed directly by electron-capture GLC. 
The chromatogram did not show any residual TMS derivatives, in- 
dicating that the initial silylation reaction was quantitative at room 
temperature. 


Optimum conditions for the concomitant silylation of both com- 
pounds were obtained in diethyl ether as solvent using a 2: 1 ratio of 
HMDS :TMCS and a total reaction time of 15 min. at room temper- 
ature for quantitative reaction. It is essential that the two silylating 
agents be added successively into the reaction mixture rather than 
fromasyntheticmixture of the two reagents and that they also be vig- 
orously mixed immediately after addition. The reaction mixture is 
also mixed vigorously at intervals of 5 and 10 min. after the addition 
of the reagents during the 15-min. reaction period. The reaction mix- 
ture is evaporated to dryness under nitrogen and the residue is dis- 
solved immediately in anhydrous n-hexane without any vacuum 
drying. Although the TMS derivatives are stable in anhydrous n- 
hexane, they should nevertheless be analyzed by GLC as soon as 
possible. These derivatives are easily hydrolyzed by traces of mois- 
ture; hence it is of the utmost importance to maintain an anhydrous 


environment during their preparation and subsequent analysis by 
electron-capture GLC. The response of the electron-capture detec- 
tor operated in the pulsed d.c. mode to the TMS derivatives of I 
and I1 is linear with concentration in the range of 0.1 to 1.0 mcg. 
of compound/ml. of n-hexane equivalent to 1.0 to 10 ng./lO 4. of 
sample injected. The sensitivity of the detector was such that 1.00 
ng. of TMS-I and 1.25 ng. of TMS-I1 gave peak heights equiva- 
lent to nearly full-scale pen response for each compound on the 
recorder at the electrometer settings described. Since the response 
of the electron-capture detector to nearly equal (nanogram) 
amounts of the TMS derivatives of both compounds was compar- 
able, i.e., 


[peak area of TMS-I ~ L O  
peak area of TMS-I1 0.8 


the peak area ratio of the two was used as the index of detector 
performance and overall efficiency of the analytical procedure. 
Thus the external standard curve and the blood- or urine-recovered 
internal standard curves were constructed by plotting the peak area 
response ratios of TMS-I/TMS-I1 uersus concentration of I contain- 
ing a constant amount of 1I as the reference standard/ml. of n- 
hexane or vice versa when Compound I1 is the analytical peak and 
Compound I the reference standard. The overall recovery of 250- 
1000 ng. of Compound I or I1 from blood was of the order of 83 3~ 
2.5% and 65 ZIC 5.02, respectively (Table 1, A and B), whereas 
that of Compound I1 from urine was 82 f 5.42 (Table I, C).  The 
GLC method was used to extend the range of sensitivity of detection 
of the absorptiometric assay in the determination of blood level 
fall-off curves in the dog and in man. 


Application of the Absorptiometric Assay in Biological Specimens- 
The Bratton-Marshall absorptiometric assay was applied to the 
determination of blood and urine levels of I and I1 in a dog follow- 
ing the administration of a single 138-mg. dose of I and a 122-mg. 
dose of I1 (equivalent to 10 mg./kg.) by i.v. and oral routes, re- 
spectively. 


The blood level fall-off curves of Compounds I and II are shown 
in Figs. 6 and 7, respectively. Following administration by both oral 
and i.v. routes, blood levels were measurable for up to 12 hr. by the 
absorptiometric assay, beyond which time period they were non- 
measurable by this method (Le., <0.5-1.0 mcg./ml.). Both com- 
pounds showed a typical biphasic i.v. blood level fall-off curve with 
a rapid initial distribution phase (half-life 2 2&30 min.) followed 
by a linear elimination phase with a half-life of 2.51 and 6.10 hr. for 
Compounds I and 11, respectively. 


The oral blood level fall-off curves of both compounds indicate 
good absorbability, Compound I1 showing a rapid absorption 
pattern with a blood level peak at 1 hr. of 11.5 mcg./ml. while Com- 
pound I showed a slower absorption pattern with a blood level 
peak at 2 hr. of 9.0 mcg./ml. Both compounds showed a linear 
elimination phase, Compound I having a faster elimination (half- 
life 2.55 hr.) running almost parallel with its i.v. elimination, 
while Compound I1 showed a slower elimination pattern (half-life 
5.30 hr.). The blood levels in the 12-72-hr. postmedication period, 
where measurable, could only be determined by the electron-capture 
GLC assay with a sensitivity limit of the order of 0.01-0.02 
mcg./ml. of blood. 


The urinary excretion data following i.v. and oral administration 
of Compounds I and I1 are given in Table 111, A and B, respectively. 
The data indicate that approximately equal amounts of both Com- 
pound I or I1 are recovered in the 0-72-hr. collection period follow- 
ing either i.v. or oral administration. This amounts to a recovery of 
6.2 and 6.9% of Compound I and 7.1 and 6.6% of Compound I1 
following i.v. and oral administration, respectively. The low percent 
recovery of the administered dose indicates either extensive bio- 
transformation, tissue distribution, and/or alternate routes of elimi- 
nation. 


Application of the GLC Assay to Biological Samples-A blood 
level fall-of€ study on Compound I was conducted in a human sub- 
ject following the administration of a single 50-mg. oral dose (0.67 
mg./kg.). This study was primarily designed to test the capabilities 
of the GLC assay in the determination of blood levels following 
therapeutic doses. 


The blood level fall-off curve, Fig. 8, indicates rapid absorption of 
the drug with a blood level peak of 1.0 mcg./mI. at 30 min. post- 
dosing. The levels declined to 0.5 mcg./ml. at 1 hr. followed by a 
plateau in the levels up to 11.5 hr. Between 11.5 and 48 hr. the levels 
declined progressively, with a half-life of about 8 to  9 hr. Because of 
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Table 111-Urinary Excretion Data on Compounds I and 11 
in a Dog (Absorptiometric Assay) 


C l r  C.,, CLC ..U, \. - 
I.". L,"Vt, 10-1, "9, l l  


I J 


Cumu- Ex- % o f  
Time lative cretion Dose 


Period, Total Total Rate, Re- 
Route hr. mcg./ml. mcg. mcg. mcg./hr. covered 


A-Compound In 
i.v. 0-23 34.0 8500 8500 370.0 6 .2  


23-47 nm.h - - - - 
47-71 n.m. 


Oral 0-24 38.7 9288 9288 387.0 6.7 
24-48 1 .O 340 9628 14.2 6.9 
48-72 n.m. 


- - - - 


- - - - 


B-Compound IIc 
i.v. 0-2 1.10 340 340 170.0 0.3 


2-24 36.8 8290 8630 376.8 7.07 
24-48 1 . I 0  80 8710 3 .3  7.14 
48-72 nm.d - - - - 


24-48 15.1 3650 8090 152.1 6.63 
48-72 n.m. 


Oral 0-24 18.1 4440 4440 185.0 3.64 


- - - - 


a Following single 138-mg. doses by i.v. and oral routes. h n.m. = 
not measurable, i.e., <0.5-0.6 rncg. l/mL urine using a 2-ml. specimen 
per assay.  following single 122-mg. doses by i.v. and oral routes. 
d n m .  = not measurable, i.e., <1.0 mcg. II/ml. 


its inherent sensitivity the GLC assay thus can be used to determine 
blood levels in man up to 48 hr. postoral dosing following a single 
50-mg. dose, and also in extending the limits of detection of the 
absorptiometric assay in determining blood levels in the nanogram 


g.) range of sensitivity. This was demonstrated in the blood 
level fall-off curve of Compound I1 in a dog (Fig. 7) which indicates 
the range of detectability of the two assays. 


Specificity of the Assay-Studies on the metabolism of the 5-nitro- 
imidazole, metronidazole (14), have indicated that the -NO2 group 
is stable to metabolic reduction in vivo and that metabolism occurs 
preferentially on the alkyl substituents resulting mostly in the ex- 
cretion of the resulting alcohol, as such, and as the glucuronide and 
sulfate esters. 


Since the -NOz group is left intact the presence of any metabolites 
in blood or urine would interfere with the specificity of the ab- 
sorptiometric assay since they too would yield -NO2 ion upon 
alkaline hydrolysis. The specificity of the three assays described 
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Figure 6-Blood level fall-off curves of Compound I in a dog follow- 
ing the administration of a single 138-ing. dose by i.v. and oral routes. 
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for Compounds I and I1 is ensured by the inclusion of the TLC- 
separation step which effectively resolves the intact drug from other 
possible metabolites and from extracted impurities. Two-dimen- 
sional TLC examination of the silica gel eluates of the spots corre- 
sponding in R,  to the intact compound (I and 11) migrate as one 
component when cochromatographed with the respective authentic 
standard. Thus the spot assayed following one-dimensional TLC 
represents the respective intact compound only. This was further 
verified using the GLC assay of the compounds as their respective 
TMS derivatives following elution from the silica gel. 


No metabolites were seen in either the blood or urine specimens 
in a dog following the administration of Compound I. However, 
several metabolites were seen in blood and urine in a dog following 
the administration of Compound 11. Since they were all well re- 
solved from the intact compound by TLC analysis, they do not in- 
terfere with the specificity of the three assays for Compound 11. 


2.00 7 


1.00 3 
2 0.50 1 
E > '\ 
d 
z 
0 v -  


$ 
E 


$ 0.05 


m 


EC - GLC - ASSAY 


Patient - P C  I f 1  
Age - 3 4  
Wt. - 75.3 k q  


RANGE OF DUPLICATE I 01 ANALYSIS 


0.01 L,-, I 1-7 - 


0 10 20 30 40 50 
HOURS POSTMEDICATION 


Figure 8-Blood level,fall-off curve of Compound I in man following 
the administration ofa  single oral50-mg. dose. 
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Estimation of Mean Potency and Content Uniformity of 
Tablets: A New Approach 


J. P. COMER, H. L. BREUNIG, D. E. BROADLICK, and C. B. SAMPSON 


Abstract 0 Current oficial procedures for the estimation of mean 
drug level and of content uniformity in individual tablets do not 
efficiently utilize all information available to the analyst, nor can 
confidence statements be made concerning the reported results. 
The authors present here a plan for combining readily available 
weight data with that from assays to generate distributions of 
potency per tablet. Tolerance limits on these distributions reflect 
not only the proportion of tablets bracketed, but also the degree 
of confidence to be placed in the finding. Reference is made to 
Monte Carlo studies on theoretical distributions as well as to 
examples from production lots of certain tablet items. The efficient 
utilization of this combined information leads to an improved 
method for estimating mean potency and content uniformity. 


Keyphrases 0 Tablets-mean potency, content uniformity 0 Drug 
content uniformity, mean potency estimations-tablets 0 Equa- 
tions-tablet drug uniformity, mean potency 0 Computer simula- 
tion-drug distribution, tablets 


~ 


When considering drug dosage forms, the primary 
concern of the ethical pharmaceutical industry is that 
the patient receive in his individual dose an amount of 
medicament close to  that claimed on the label. If this 
is so, the physician may prescribe the product with con- 
fidence that the desired drug substance will be available 
to perform its intended function. There are many facets 
to pharmaceutical quality assurance but all lead toward 
ensuring the identity, safety, and bioavailability of the 
drug of interest. This paper is solely concerned with 
the amount of drug substance in the unit dose. Such 
considerations as particle size, rates of dissolution and 
of absorption, freedom from impurities, and numerous 
others, while understood to  be parts of pharmaceutical 
quality assurance, are not directly considered here. 


Although this paper refers to compressed tablets, the 
techniques presented could also apply to filled capsules, 
ampuls, and other dry product dosage forms. Because of 
variation in homogeneity of granulation and in in- 
dividual tablet weights, it is obviously unrealistic to  
expect every unit of product to possess exactly the same 
amount of physiologically active drug, but with good 
manufacturing practice these variations may be con- 
trolled. The subject of drug substance variability has 
been considered by a number of authors, Olson and 
Lee (1) have summarized much of the discussion and 
present an extensive list of references. A more recent 
paper is that by French et al. (2). Breunig (3) has 
emphasized the importance of weight control for in- 
dividual units of product. Roberts (4) points out how 
easily many tablets (and filled capsules and sterile 
solids) may fail the USP weight variation test when 
based upon a sample of 20. He develops four rules for 
acceptance based upon the coefficient of variation of 
unit weights and provides charts which may be used for 
evaluation. 


PRODUCT SPECIFICATIONS 


The existence of variability in pharmaceutical products is recog- 
nized by USP XVII (5) and NF XI1 (6). These official compendia 
include at least three types of product specifications: 


Rubric Limits-Referred to in the separate monographs, they 
are the bounds within which the mean response of samples of N 
units of product must fall based upon physiological, biological, 
or chemical assay. This response is in terms of the weight of drug 
substance per unit of product as determined upon individual units 
or as drug substance weight per average unit where test methods 
applicable to single units are not available. The bounds and the 
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succinate also shows a negative Cotton effect. Esterifi- 
cation of the secondary hydroxyl group is associated with 
a change in optical rotation resulting in a negative ORD 
curve for the 0’-ester compound whose ORD curve 
prior to esterification was positive. Also characteristic 
of esterification of the 0’-hydroxyl group is a para- 
magnetic shift of the C( I)-H. Both of these phenomena 
were observed in the rearrangement of chloramphenicol- 
3-monosuccinate. 


Complete migration of the succinyl function was 
ruled out on the basis of NMR and chemical data. 
Complete migration would have given a terminal 
hydroxyl. No peak corresponding to  that for the 
C(3)-0H proton of chloramphenicol was observed. 
Chemical evidence indicated that the 0 + 0 migration 
product was incapable of existence in equilibrium with 
chloramphenicol-3-monosuccinate under experimental 
conditions. 


Attempts to acetylate or methylate the isomeric 
compound resulted in complex reaction mixtures, pre- 
sumably due to the breakdown of the cyclic structure 
by the reacting anion. All spectral and chemical evidence 
support the proposed structure. 


( I )  H. Hibbert and M. E. Grieg, Can. J.  Res., 4,252(1931). 
(2) P. E. Verkade and 0. E. Van Lobinsen, Kon. Vlaam. Meded. 


( 3 )  C. R. Narayanan and M. R. Sarma, Tetrahedron Lett., 1968, 
Acad. Wetetisclz. Proc., Ser. B ,  56, 324(1953). 
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Covalent Addition of N-Chlorosaccharin 
to Cyclohexene 


Keyphrases 0 N-Chlorosaccharin-cyclohexene addition 0 Cyclo- 
hexene-N-chlorosaccharin addition 0 N-(2-ChlorocyclohexyI)-sac- 
charin-synthesis, structure, formation rate 0 IR-identification, 
structure 0 NMR-identification, structure 0 UV-rate of forma- 
tion 


Sir. 


It has recently been reported (1)  that N-chloro-N- 
methylethanesulfonamide will add covalently across 
the >=C / double bond of I-hexene under photo- 


\ 
irradiation. In similar, but apparently more facile, 


Table I-Rate Constants for the Covalent Addition of N-Chloro- 
saccharin to Cyclohexene in Carbon Tetrachloride at 25” 


[Cyclo- [N-Chloro- 


x 1 0 M  x 104 M seC-1 M-l s e c l  
heXene].dded SaCCharin]added 10’ k o b s .  10’ ki 


4.96 6.30 1.69 3.41 
3.22 10.00 1.16 3.60 


reactions, N,N-dichlorobenzenesulfonamide (2) and 
N-aryl-N-halosulfonamides (3) will add covalently to 
cyclohexene. Because N-chloro compounds are used as 
chlorinating and oxidizing agents for a wide variety of 
compounds, additional reactions of the above type 
must be expected to occur if the molecules to be chlo- 
rinated contain unsaturated groups. 


We have recently discussed (4) the possible usefulness 
of N-chlorosaccharin (I) as an organochlorinating 
agent on the basis of its low chlorine potential in water 
and its solubility and stability in a variety of organic 
solvents. However, we now present evidence that I 
will also covalently add to cyclohexene in a facile 
reaction at room temperature to yield N-(2-chloro- 
cyclohexy1)-saccharin (11). 


II 
0 
I I1 


When I (400 mg.) was added to cyclohexene (15 ml.) 
at  2 5 O ,  it gradually dissolved and simultaneously a white 
powder crystallized out of solution. After recrystalliza- 
tion from acetone-water, this powder had m.p. 171- 
172.5’ and the same elemental analysis as 11. (Found: 
C, 52.07; H, 4.86; C1, 11.94; N, 4.78; S, 10.97. 11, 
Cl3HI4NC1SO3, requires C, 52.0; H, 4.67; C1, 11.85; 
N, 4.67; S, 10.70.) Its structure was confirmed by NMR 
and IR spectroscopy. Its NMR spectrum showed the 
presence of 4 benzene protons and 10 cyclohexene 
protons, but no  cyclohexene-ethylene protons were 
evident. The IR spectrum of the compound was con- 
sistent with that of Structure I1 and contained a strong 
band at the carbonyl-stretching frequency region. This 
latter piece of evidence ruled out the possibility that an 
0-C bond existed between saccharin and cyclohexene. 
The product did not release iodine from aqueous 
solutions of potassium iodide, thereby indicating that 
it was not in equilibrium with N-chlorosaccharin and 
that its chlorine was fixed and no longer “active.” 


The rate of formation of the adduct was determined 
by measuring changes in UV absorbance at  270 mp 
after carbon tetrachloride solutions of I and cyclohexene 
(which had been equilibrated at  25.0 f 0.2’) were 
mixed in a 1-cm. spectrophotometer cell. The rate of 
change of absorbance was first order when [cyclo- 
hexeneladded was much greater than [IIadcled and pseudo 
first-order rate constant, kohs , values were calculated. 
At two different cyclohexene concentrations the value 
of kobs./[~y~l~hexene],dd,d = kl was constant and thus 
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the reaction appeared to be first order in cyclohexene 
and I. Results of two experiments are presented in 
Table I. 


(1) T. Ohashi, M. Sugie, M. Okahara, and S .  Kowori, Tetra- 
hedron Lett., 1968,4195. 


(2) W. Theilacker and H. Wessel, Justus Liebigs A m .  Chem., 
703, 34(1967). 


(3) M. S. Kharasch and H. M. Priestley, J.  Amer. Chem. Sac., 
61, 3425(1939). 
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REVIEWS 


The Molecular Orbital Theory of Organic Chemistry. By MICHAEL 
J. S. DEWAR. McGraw-Hill Book Company, New York, NY 
10036,1969. vii + 484 pp. 15.5 X 23.5 cm. Price $16.50. 
This book is representative of a general class of books written 


over the past decade in which quantum chemistry is applied to 
organic chemistry, with major emphasis on molecular orbital 
theory. The book is divided into ten chapters, the first four of which 
develop the concepts of molecular orbital theory useful to  the 
organic chemist. In subsequent chapters, molecules of increasing 
complexity are treated with considerable emphasis on the conceptu- 
alization of the theory. The continual relationship to more classical 
concepts such as reaction types based upon valence bond mech- 
anisms and the Hammett relationships makes the entrance into 
molecular orbital theory particularly useful. 


There is much emphasis on self-consistent field theory, with very 
little attention paid to the less exact but simpler Huckel schemes in 
common use. This is particularly true of Huckel all-valence elec- 
tron methods which are completely ignored. In places, the level of 
sophistication of treatment exceeds the needs of the medicinal 
chemist. There is much written about hydrocarbons but perhaps 
too little about heteroatom-containing molecules, which, of course, 
are the tools of the medicinal chemist’s trade. 


In summary, this book is a useful reference for the organic or 
medicinal chemist who already has some background in molecular 
orbital theory. 


Reviewed by Lemont B. Kier 
Battelle Memorial Institute 
Columbus Laboratories 
505 King Avenue 
Columbus, OH 43201 


Principles of Physical, Organic, and Biological Chemistry. By 
JOHN R. HOLUM. John Wiley and Sons, Inc., New York, NY 
10016,1969. x +728 pp. 17.2 X 23.5 cm. PriceS10.95. 
This book consists essentially of two parts. The first deals with 


basic physical and chemical principles, including the concepts of 
energy, atomic structure, thermodynamics, chemical bonds, spon- 
taneity, equilibria, and organic chemistry. The second comprises 
the application of these principles in developing an understanding 
of and an appreciation for the molecular basis of life. 


The material, which contains appropriate illustrations and ex- 
amples, is well organized and easily understood. Particularly note- 
worthy is the author’s lucid treatment of the rather difficult subject 
of thermodynamics. His qualitative discussions of such concepts as 
internal energy, entropy, enthalpy, and spontaneity are commend- 
able. Indeed, the student of physical chemistry would do well to 
read his account first and then proceed to the advanced texts. 


The latter chapters deal with such topics as, “Biochemical Regula- 
tion and Defense,” “Important Fluids of the Body,” “Energy for 
Living,” “Metabolism of Lipids, Carbohydrates and Proteins,” 
and the ‘Chemistry of Heredity.” These chapters apply the funda- 
mental principles presented in earlier chapters to explain the com- 
positions and functions of living matter. The author’s approach in 
explaining life on a molecular basis should prove to be not only 
informative to the student but stimulating and fascinating as well. 


As stated in the Preface, this book “. . .is intended for use in a 
two- or three-term terminal college course in chemistry for students 
in the humanities, the social sciences, and the paramedical sciences, 
including nursing, home economics, physical therapy, many areas 
of biology, and many programs in the agricultural sciences.” It is 
well suited for that purpose. 


Reviewed by Edward 0. Magarian 
Department of Pharmaceutical Chemistry 
College ofpharmacy 
University of Kentucky 
Lexington, K Y  40506 
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Metabolic Fate of N-r-Phenylpropyl-N-benzyloxy Acetamide 
(W-1372) in Rats, Dogs, and Monkeys 


JEROME EDELSON, J. F. DOUGLAS, and B. J. LUDWIG 


Abstract The absorption, distribution, and metabolic fate of 
N-7-phenylpropyl-N-benzyloxy acetamide (W-1372) was studied 
in the rat, dog, and monkey. W-1372-14C was readily absorbed by 
all three species. Following an oral dose, peak blood levels of 
radioactivity were attained within 1 hr. in the monkey and in 2 hr. 
in the dog. The blood half-life of radioactivity following oral ad- 
ministration was 11.5 hr. in the dog. In the rat, maximum blood 
concentration of 14C was reached 1 hr. following intraperitoneal 
administration, and the half-life was about 2 hr. Distribution studies 
of labeled drug in the rat indicate that the administered radio- 
activity is largely excreted within 24 hr. The major metabolites of 
W-1372 are hippuric acid, benzoic acid, N-7-phenylpropyl-N- 
benzyloxyamine, and carbon dioxide. 


Keyphrases 0 N-7- Phenylpropyl-N-benzyloxy acetamide (W- 
1372)--metabolism IJ Absorption, distribution, metabolic fate- 
W-1372-14C Inverse isotope dilution-analysis Hippuric acid, 
benzoic acid, N-7-phenylpropyl-N-benzyloxyamine, carbon di- 
oxid-W-1372-14C metabolites TLC-identification IR 
spectrop hotometry-identification 


N-y-Phenylpropyl-N-benzyloxy acetamide (W- 
1372) is a new hypolipidemic agent that has been shown 
by Berger et al. (1, 2) to reduce the extent of athero- 
sclerotic lesions and to lower serum cholesterol levels in 
animals maintained on a high-cholesterol diet. This 
manuscript describes studies from this laboratory on 
the absorption, distribution, and metabolic fate of W- 
1372 in the rat, dog, and squirrel monkey. 


METHODS 


Preparation of N-7-Phenylpropyl-N-benzyloxy - benzyl - 7 - 14C 
Acetamide (W-1372-Benzyl- 14C)-N- 7-Phenylpropyl- N- hydroxy 
acetamide, 965 mg., was added to a solution of 115 mg. of sodium in 
10ml.of anhydrous ethanol. After 2 mc.,633 mg.,of benzyl chloride- 
7-'4C was added, the reaction mixture was heated to  reflux for 4 hr. 
and left at room temperature overnight. The solvent was removed in 
uucuo and the residue was stirred with 40 ml. of water and 40 ml. of 
ethyl ether. The organic phase was separated and the aqueous phase 
was again extracted with an equal volume of ether. The organic 
phases were combined and dried over anhydrous sodium sulfate. 
After removal of the solvent, the residue was molecularly distilled 
(90"/0.004 mm.) to yield 681 mg. of W-1372-ben~yl-~~C, specific 
activity 1.69 X lo6 d.p.m./mg. 


The product gave only one radioactive spot in TLC in methanol- 
acetone-acetic acid (95:95:10), and its IR spectrum was identical to 
that ofauthentic W-1372. 


Preparation of N-7-Phenylpropyl-N-benzyloxy Acetamide-acetyl- 
l-14C(W-1372-Acetyl-14C)-Acetyl chloride-l-lC, 1.0 mc., 79 1 mg., 
was added to a solution of 4.84 g. of N-y-phenylpropyl-N-benzyl- 
oxyamine in 20 ml. of ethyl ether. The reaction mixture was heated 
to reflux for 30 min., and the solid which formed, N-y-phenylpropyl- 
N-benzyloxyamine hydrochloride, was removed by filtration. The 
filtrate was washed consecutively with 10 mI. of 0.1 N hydrochloric 
acid, 10 ml. of 0.1 N sodium hydroxide, and 10 ml. of water. The 
remaining organic phase was dried and molecularly distilled, as 
previously described, to yield 2.73 g. of W-1372-a~etyl-'~C, specific 
activity 8.24 X lo5 d.p.m./mg. Its purity was verified by TLC as 
previously described. 


Absorption and Blood Concentration-Three male Sprague- 
Dawley rats, weighing about 200 g. each, received intraperitoneally 
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Figure I-Blood radioacficity ufrer it?traperitoneal adminisrration of 
W-1372-benryl-14C to the rat. 


MINUTES 


a solution containing 40 mg. of W-1372-benzyl-14C in 0.5 ml. of 
polyethylene glycol 400. Blood samples were taken from the tail vein 
at appropriate intervals and assayed for radioactivity by liquid 
scintillation counting. 1 


A male beagle hound, weighing 11 kg., was given a capsule con- 
taining 1.258 g. of W-1372-benzyl-14C. Blood samples were taken 
from the vein to the toe nail at intervals and assayed for radioactiv- 
ity. 


Two 800-g., male squirrel monkeys received, by stomach tube, 
50.8 mg. of W-1372-benzyl-14C dissolved in 2.0 ml. of polyethylene 
glycol 400. At appropriate intervals, blood was removed from the 
jugular vein and assayed for radioactivity. 


Tissue Distribution in the Rat-A male Sprague-Dawley rat, 
weighing 150 g., received intraperitoneally 42.2 mg. of W-1372- 
benzyl-14C dissolved in 1.0 ml. of polyethylene glycol 400. Urine 
and feces were collected for 24 hr. The animal was then sacrificed 
and the organs were excised. The tissues and the remainder of the 
carcass were dissolved in 6 volumes of 1 M hydroxide of hyamine 
(Packard Instrument Co., Downers Grove, Ill.) by digesting for 
18 hr. at SO". An aliquot of each solution was taken and assayed 
for radioactivity in a liquid scintillation spectrometer. 


A second rat, weighing 180 g., was given intraperitoneally a solu- 
tion containing 51.2 mg. of acetyl-labeled W-1372 in 1.0 ml. of 
propylene glycol. The animal was placed in a metabolism chamber 
for 24 hr. and then sacrificed. The tissues were processed and 
analyzed for radioactivity. The carbon dioxide of respired air was 
trapped in 2.5 M sodium hydroxide, and the radioactivity of an 
aliquot of this solution was measured. 


Inverse Isotope Dilutions-Typical inverse isotope dilution experi- 
ments were carried out as follows: a male Sprague-Dawley rat, 
weighing about 200 g., received intraperitoneally 12.7 mg. of 
W-1372-ben~yl-~4C dissolved in 1.0 ml. of polyethylene glycol 400. 
Urine was collected for 24 hr. and its radioactivity measured. 
Isotope dilutions were carried out on aliquots of urine as follows. 


Nonradioactive hippuric acid, 1000 mg., was added to the 
first 1.0-ml. aliquot, followed by the addition of 20 ml. of water and 


1. 


1 The scintillating fluid consisted of a solution of 7 g. of 2,5-diphenyl- 
oxazole, 250 mg. of 1,4-bis-2-(4-methyl-5-phenyloxazoyl)benzene, and 
125 g. naphthalene in 1 1. dioxane. 
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Figure 2-Blood radioactiuity after oral administration of W-1312- 
benzyl-14C to the dog. 


sufficient 50 sodium hydroxide to yield a clear solution. Acidifica- 
tion of the mixture with concentrated hydrochloric acid precipitated 
the hippuric acid. The solid was removed and recrystallized from 
water to constant specific activity; m.p. 189-190'. 


2. Nonradioactive benzoic acid, 1000 mg., was added to a second 
1.0-ml. aliquot of urine and the mixture was diluted with water and 
heated until homogeneous. Upon cooling, benzoic acid crystallized 
and was removed by filtration. It was recrystallized from water to 
constant specific activity; m.p. 121-122'. 


3. Nonradioactive N-y-phenylpropyl-N-benzyloxyamine hydro- 
chloride, 1000 mg., was added to a 2.0-ml. aliquot of urine. A few 
drops of concentrated hydrochloric acid were added, followed by 
sufficient hot ethanol to dissolve the solid. Water, 100 ml., was 
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Figure 3-Blood radioactiuity after oral administration of W-1372- 
benzyl-14C to the squirrel monkey. 


Table I-Tissue Distribution of 14C in a Rat 24 hr. after 
Intraperitoneal Administration of 42.2 mg. W-1 372-Benzyl-14C 


-Radioactivity Recovered- 
Organ d.p.m. X los % 


~~ 


Urine 39,100 54.7 
Carcass 23,250 32.7 
Stomach and intestines 7,980 1 1 . 1  
Liver 1,135 1.6 
Kidney 661 0.9  
Lung 71.4 0.1 
Heart 27.9 0.04 
Spleen 17.4 0.02 


Total 101.3 


added, and the mixture was made alkaline with 25 ml. of 10% so- 
dium hydroxide and extracted with two 150-d. portions of ether. 
The ether phase was dried over anhydrous sodium sulfate, and 
hydrogen chloride gas was bubbled into the ether solution to precipi- 
tate the hydrochloride of N-y-phenylpropyl-N-benzyloxyamine. 
The solid was separated and recrystallized from ethanol to con- 
stant specific activity; m.p. 134-135". 
4. Nonradioactive benzaldehyde, 1000 mg., was added to a 2.0- 


ml. aliquot of urine; ethanol was added until the mixture was homo- 
geneous. Sodium acetate, 1.5 g., and 1.0 g. semicarbazide hydro- 
chloride were added, and the mixture was vigorously shaken and 
heated in a boiling water bath for 10 min. On cooling, the semi- 
carbazone of benzaldehyde crystallized. The derivative was repeat- 
edly recrystallized from 50 aqueous ethanol to constant specific 
activity; m.p. 221-223". 


To quantitate the various metabolites occurring in the urine in a 
combined form, an aliquot of urine was hydrolyzed by the addition 
of an equal volume of concentrated hydrochloric acid, and the mix- 
ture was heated on a steam bath for 10 min. Nonradioactive carrier 
was then added and the inverse isotope dilution carried out for total 
metabolites as described for the free metabolites. 


RESULTS AND DISCUSSION 


Absorption and Blood Concentration in the Rat, Dog, and Squirrel 
Monkey-After intraperitoneal administration to rats, benzyl- 
labeled W-1372 was rapidly absorbed, and a maximal blood con- 
centration of radioactivity was reached after 1 hr. This level of 
blood radioactivity was maintained for 30 min. and was followed by 
a first-order decline. The half-life of 14C in the blood was approxi- 
mately 2 hr. (Fig. 1). 


In the dog the drug was readily absorbed after an oral dose of 
W-1372-ben~yI-~~C, and a peak blood level of I4C was obtained 
within 2 hr. Under these conditions the disappearance of radioac- 
tivity from the blood followed first-order kinetics and the 14C half- 
life was estimated to be 11.5 hr. (Fig. 2). 


W-1372 was also rapidily absorbed by the squirrel monkey since 
the maximum blood concentration of radioactivity was reached 
during the 1st hour after oral administration of benzyl-labeled drug 
(Fig. 3). In this study the disappearance of radioactivity from blood 
did not follow the kinetics of a single-compartment model but 
occurred at two distinct rates. It is difficult to  estimate the half-life 
during the initial depletion pattern. However, after 7 hr., the elim- 


Table II-Tissue Distribution of I4C in a Rat 24 hr. after 
Intraperitoneal Administration of 51.2 mg. W-1 372-Acetyl-14C 


-Radioactivity Recovered- 
Organ d.p.m. X lo3 72 


Respired COz 
Carcass 
Stomach and intestines 
Urine 
Liver 
Kidney 
Lung 
Heart 
Spleen 
Brain 


Total 


26,900 
5,320 
4,950 
2,436 


583 
135 
52 
22 
20 
6 


62.1 
12.3 
11.4 
5 .6  
1.4 
0 .3  
0.1 
0.05 
0.05 
0.01 


93.4 
~~ 
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Table 111-Urinary Excretion of Hippuric and Benzoic Acids by 
Animals Given W-1 372-Benzyl-14C 


z of 
Urinary 
Radio- 
activity 


as 
Hippuric 


and 
No. of Dose (mg.), Benzoic 


Species Animals Route Acids 


Rat, 


Dog, 
Sprague-Dawley 5 12-71, i.p. 85.6 


beagle hound 5 25-520, 65.8 


squirrel 3 16-32, i.p. 68.7 


i.p. and p.0. 
Monkey, 


ination of blood radioactivity follows first-order kinetics with a half- 
life ofapproximately 13.5 hr. 


Tissue Distribution in the Rat-Radioactivity from the intraper- 
itoneal administration of W-1 372-benzyl-14C was principally ex- 
creted in the urine within 24 hr. Significant amounts of I4C were 
also found in the carcass and gastrointestinal tract at this time 
(Table I). 


Radioactivity from W-1 372-acetyl-1-l4C was largely eliminated as 
respiratory carbon dioxide. Over 6 0 z  of the radioactivity of the 
dose administered was exhaled within 24 hr. while less than 6 %  was 
voided in the urine during this period. The distribution of the re- 
sidual radioactivity is shown in Table 11. 


Identification and Quantitation of Urinary End Products-The 
major urinary end products of W-1372 in the three species studied, 
rat, dog, and monkey, were benzoic acid and hippuric acid. Quanti- 
tatively these compounds accounted for at least 65% of the urinary 
radioactivity. Table 111 shows the average values obtained with a 
number of animals of each species. In a single experiment on dog 
urine, the authors found an additional 1.9 z of the urinary radio- 
activity present as benzoate conjugated with glucuronic acid. This 
value was determined by the increase in the amount of free benzoic 
acid present after hydrolysis with P-glucuronidase. 


These conversions of W-1372 in the animal body would be antici- 
pated from the metabolic fate of the related compound, benzyl N- 
benzyl carbethoxyhydroxamate (W-398), which is converted into 
benzoic acid and hippuric acid in both the rat and man (3,4). 


The deacetylated derivative of W-1372, N-y-phenylpropyl-N- 
benzyloxyamine, was also identified and quantitated in the urine of 
animals receiving W-1372-benzyl-14C. The N-y-phenylpropyl-N- 
benzyloxyamine was present in both the free and bound form since 


Table IV-Excretion of W-1372-Benzyl-IT Urinary 
Metabolites in the Rat, Dog, and Monkey 


-% of Urinary Radioactivityn- 
Rat Dog Monkey 


Urinary End Product No. 185 No. 192 No. 195 


Hippuric acid 87.1 
Benzoic acid 0.32 
N-y-Phenylpropyl-N-benzyloxy- 


amine (uncombined) 2.04 
N-y-Phenylpropyl-N- benzyloxy- 


amine (total)b 2.23 
Benzaldehyde (uncombined) 0.18 
Benzaldehyde (total)b - 


Total radioactivity recovered 89.83 


54.8 61 .O 
0.84 1.54 


0.55 6.22 


19.22 7.69 
0.042 1.54 
0.28 - 


75.14 71.77 


a Values obtained by inverse isotope dilution. * Total metabolite 
after acid hydrolysis of urine. 


acid hydrolysis of the urine liberated additional free amine. This 
increase was particularly significant for the dog. The nature of the 
conjugate has not been elucidated. Trace amounts of benzaldehyde 
were also identified in acid-hydrolyzed urine, but this may have 
arisen from the degradation of some metabolite. The quantities of 
the various metabolites occurring in the urines of various animal 
species are summarized in Table IV. 
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Estimation of Mean Potency and Content Uniformity of 
Tablets: A New Approach 


J. P. COMER, H. L. BREUNIG, D. E. BROADLICK, and C. B. SAMPSON 


Abstract 0 Current oficial procedures for the estimation of mean 
drug level and of content uniformity in individual tablets do not 
efficiently utilize all information available to the analyst, nor can 
confidence statements be made concerning the reported results. 
The authors present here a plan for combining readily available 
weight data with that from assays to generate distributions of 
potency per tablet. Tolerance limits on these distributions reflect 
not only the proportion of tablets bracketed, but also the degree 
of confidence to be placed in the finding. Reference is made to 
Monte Carlo studies on theoretical distributions as well as to 
examples from production lots of certain tablet items. The efficient 
utilization of this combined information leads to an improved 
method for estimating mean potency and content uniformity. 


Keyphrases 0 Tablets-mean potency, content uniformity 0 Drug 
content uniformity, mean potency estimations-tablets 0 Equa- 
tions-tablet drug uniformity, mean potency 0 Computer simula- 
tion-drug distribution, tablets 


~ 


When considering drug dosage forms, the primary 
concern of the ethical pharmaceutical industry is that 
the patient receive in his individual dose an amount of 
medicament close to  that claimed on the label. If this 
is so, the physician may prescribe the product with con- 
fidence that the desired drug substance will be available 
to perform its intended function. There are many facets 
to pharmaceutical quality assurance but all lead toward 
ensuring the identity, safety, and bioavailability of the 
drug of interest. This paper is solely concerned with 
the amount of drug substance in the unit dose. Such 
considerations as particle size, rates of dissolution and 
of absorption, freedom from impurities, and numerous 
others, while understood to  be parts of pharmaceutical 
quality assurance, are not directly considered here. 


Although this paper refers to compressed tablets, the 
techniques presented could also apply to filled capsules, 
ampuls, and other dry product dosage forms. Because of 
variation in homogeneity of granulation and in in- 
dividual tablet weights, it is obviously unrealistic to  
expect every unit of product to possess exactly the same 
amount of physiologically active drug, but with good 
manufacturing practice these variations may be con- 
trolled. The subject of drug substance variability has 
been considered by a number of authors, Olson and 
Lee (1) have summarized much of the discussion and 
present an extensive list of references. A more recent 
paper is that by French et al. (2). Breunig (3) has 
emphasized the importance of weight control for in- 
dividual units of product. Roberts (4) points out how 
easily many tablets (and filled capsules and sterile 
solids) may fail the USP weight variation test when 
based upon a sample of 20. He develops four rules for 
acceptance based upon the coefficient of variation of 
unit weights and provides charts which may be used for 
evaluation. 


PRODUCT SPECIFICATIONS 


The existence of variability in pharmaceutical products is recog- 
nized by USP XVII (5) and NF XI1 (6). These official compendia 
include at least three types of product specifications: 


Rubric Limits-Referred to in the separate monographs, they 
are the bounds within which the mean response of samples of N 
units of product must fall based upon physiological, biological, 
or chemical assay. This response is in terms of the weight of drug 
substance per unit of product as determined upon individual units 
or as drug substance weight per average unit where test methods 
applicable to single units are not available. The bounds and the 
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mean response are generally given in terms of percentage of the 
labelled amount of drug. 


Weight Variation Requirements-These are sampling plans for 
controlling the variation in weight of units of product about their 
sample mean. A certain proportion of the sample is expected to 
fall within various percentages of the mean sample weight, according 
to the weight class of the item. In the case of dry products, no 
statement is made relating the mean sample weight to the expected 
weight for the batch. 


Content Uniformity Limits-Official at this time for certain tablet 
items only, these limits are specifications on drug substance weight 
present in individual units of product such that at least 9 6 . 7 z  
of the assayed units are expected to fall between 85 and 115% 
of the mean of the rubric limits “average of the tolerances” (see 
Reference 5 ,  p. 906). 


None of the above specifications contains any provision for stating 
the degree of confidence to be placed on the experimental finding. 
Depending on how a sample is taken, the requirements listed 
may or may not characterize the population, i.e., the batch or lot 
from which it is drawn. 


PRESENT PROPOSAL 


A major unexplored area in this field has been the effective 
utilization of information from two sources: (a) the distribution 
statistics obtained from large (100-200) numbers of tablets weighed 
on automatic recording balances, and (b) the information recorded 
for single unit assays on smaller numbers (3-10) of units from the 
same lot. 


A plan is presented for combining the information from these 
two sources to place approximate tolerance limits on the drug 
substance weight in individual dosage units of the product from a lot. 
Several computer simulation studies have been completed. The 
results of these studies suggest that the proposed method for setting 
tolerance limits is reasonable. Since this paper is directed towards 
the pharmaceutical scientist, it contains no mathematical deriva- 
tions. These may be the subject of a subsequent paper. 


THEORY AND REFERENCES 


Tolerance limits for normal distributions are discussed by several 
authors, including Hald (7) and Dixon and Massey (8). The assump- 
tion of normality was made for both types of populations under 
consideration. This assumption should be checked for a particular 
item by any of the usual tests for normality that the reader may 
judge pertinent. The following populations are considered: (a) 
tablet weights, say Y, and (b) drug substance in formulation 
material, say P. 


Y is measured in milligrams per tablet (mg./tablet) and P in 
milligrams of drug substance per milligram of formulation ma- 
terial. l t  is also assumed that the concentration of drug, P ,  is in- 
dependent of the weight of the tablet, Y. The relevant distribution 
statistics are the sample means, Y and P ,  and the sample variances, 
SF and S:. These estimates are based on N Y  observations of the 
Y-distribution and N P  observations of the P-distribution. 


The variable of interest is YP, the weight of drug substance per 
tablet. The unbiased estimates of the population mean and variance 
of YP are easily shown to be 


YP (Eq. 1) 
_ _  


and 


respectively, e.g., Goodman (9). 
The distribution of YP (even when P and Y are both normally 


distributed) is, in general, somewhat unmanageable, but Aroian 
(10) has shown that as the population coefficients of variation, of 
which S Y / ~  and S p / p  are estimates either singly or together, 
become small, then the distribution of YP is approximately normal. 
This being so, normal theory can be utilized and approximations 
thereof to set tolerance limits on the distribution of YP by con- 
structing the interval 


iP * K(yi, W ,  F)SYP 0%. 3) 


where K(yl,yZ, F) is the multiplicative factor indexed by the degree 
of confidence, yl, the proportion of distribution covered, 7 2 ,  and 
the degrees of freedom, F. For values of K see References 7 ,  p. 
315, and 8, p. 436. In other words, 


_ _  
YP f K S y p  (Eq. 3 4  


gives approximate yl/yz tolerance limits on the distribution of 
values of YP, based on F degrees of freedom. For instance, if yl = 
0.95 and yz = 0.99, the expression 95/99 indicates that one can 
expect, with 95% confidence, that 99% of the individual values of 
YP are bounded by rp f KSyp utilizing the amount of informa- 
tion provided by F. In this case, F is not simply some linear func- 
tion of N y  and N P ,  but is approximately given by 


(Eq. 4) 
ps;. + YZs;)2 F =  - 


Equation 4 may be rewritten 


[(PZS:)’/(Ny - 1)l + [( F 2 S ; ) z / ( N ~  - 1)l 


where CY and CP are sample coefficients of variation (also called 
relative standard deviation), derived from either past data, current 
data, or both. This formula for F was adapted from the results of 
Welch (11). 


Additional Monte Carlo studies suggest that F, as computed in 
Eq. 5 ,  will be, on the average, too large in some parametric situa- 
tions. A more comprehensive treatment of the theory, as well as 
some suggested improvements, will be the subject of a future paper 
as previously mentioned. 


In the next sections some of the Monte Carlo results and the 
application of the above equations are reported, using actual 
control laboratory data. 


COMPUTER SIb4ULATIONS 


As mentioned in the previous section, Aroian has shown that the 
distribution of YP is approximately normal if the coefficients of 
variation of Y and P are “small.” To examine this empirically, 
several Monte Carlo simulations were carried out on an IBM 360-30 
computer with various population coefficients of variation. As an 
illustrative example, the following are presented. 


Initially, the histogram ( Y-distribution) of 2000 hypothetical 
tablet weight observations shown in Fig. 1 was generated from a 
normal distribution with a population mean of 122.58 and variance 
of 4.0466. The sample mean and variance from these data were 
calculated to be 122.55 and 4.1299, respectively. The population 
coefficient of variation is 1.64%. 


Secondly, the histogram (P-distribution) of ZOO0 hypothetical 
assays shown in Fig. 2 was generated from a normal distribution 
with a population mean of 0.7106 X lov3 and a population variance 
of 0.2760 X 10-lo. The sample mean and sample variance from these 
data were calculated to be 0.7104 X and 0.2730 X 10-lo, 
respectively. The population coefficient of variation is 0.757 %, 


Finally, the histogram shown in Fig. 3 is that of the products 
of the two random variables, Y and P, i.e., YP-distribution. From 
the data thus generated, the sample mean and variance are 87.065 X 
10-3 and 2.4610 X 10-6, respectively. The theoretical mean and 
variance obtained by the proposed calculation are 87.105 X 10+ 
and 2.490 X 1W6, respectively. The population coefficient of varia- 
tion is 1.81 %. 


It should be noted that the sample estimates of skewness and 
kurtosis for the YP-histogram are of the same magnitude as those 
for the Y- and P-histograms, thus supporting Aroian’s work. 
Neither of these two latter sample statistics is significantly different 
from zero in any of the cases illustrated by Figs. 1-3. 


These sampling results, in addition to Aroian’s work, provide 
justification for using normal theory approximations for the YP- 
distribution. 


APPLICATIONS 


To test the calculations further, sufficient data from a tablet 
product were needed to obtain reliable estimates of sample mean 
potency and tolerance intervals. Fortunately, such data were avail- 
able on a steroid tablet assayed by a method described in the 
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Lower Limit of 
Cell X 10-3 


<116.55048 
116.55048 
117.47868 
118.40691 
119.33513 
120.26334 
121.19156 
122.11978 
123.04799 
123.97621 
124.90443 
125.83264 
126.76086 
127.68909 


>128.61729 


No. of 
Observations 


4 
9 


24 
72 


154 
252 
338 
336 
333 
235 
140 
64 
27 


9 
3 


2000 
- 


Population 
Computed 
Skewness 
Kurtosis 


Histogram (Each X = 5 Observations) 


X 
xx 
xxxxx 
xxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxx 
xxxxx 
xx 
X 


Mean 
~ 


122.58 
122.55 
0.02538 
0.006658 


Variance 
4.0466 
4.1299 


Figure I-Histogram and distribution statistics for variuble Y. 


Analyrical Methods section under Mestrunol Assay. The assay has 
been found to be very precise and accurate. Routine control com- 
puter computations for SU and S p  had been made on 200 lots of this 
product. A summary of the information from these lots is presented 
in Table I. There were 103 lots with a target dose of 84 mcg./ 
tablet and 97 lots with a target dose of 86 mcg./tablet. Nine tablets 
per lot were assayed and this information was used to calculate 
drug dosage. The results of this method are reported under column 
heading A. The results under B are from the calculations recom- 
mended in this paper; i.e., there is information from 100 tablet 
weighings per lot which were ignored in the A calculations but were 
utilized in the B calculations. When this information was combined 
with assay information, the 95/99 tolerance limits (in percentages 
of sample means) were reduced considerably by the additional 
degrees of freedom gained from including the tablet weight data. 
The mean potencies found by the two methods were not signif- 
icantly different from each other. 


Table I1 summarizes data taken from routine computer printouts 
for production lots of several official and proprietary items. These 
printouts display results computed for the conventional assay 
procedure as well as for the composite procedure, described in this 
paper. In the conventional procedure, N ,  tablets are weighed and 
the mean weight T N ~  is obtained. These N ,  tablets are assayed 
and the mean drug weight per tablet, X, and the standard 
deviation, S,, reported. From these are computed the 95/99 tolerance 
limits 


X =!= KS,  


with F, = N ,  - 1 degrees of freedom. It should be noted that 
these N ,  assays are the same ones which give Np values of P, the 
proportion of drug in the tablet substance, so that N ,  = Np. Table 


Lower Limit of No. of 
Cell X 10-3 Observations Histogram (Each X = 5 Observations) 


<0.69487 2 X 
0.69487 8 xx 


11 thus compares the several statistics calculated from both the 
conventional procedure and the authors’ composite procedure. 
It is noted that, as a rule, the composite procedure results in short- 
ened tolerance intervals. In the isoniazid examples, this represents 
the difference between rejecting and passing a lot. 


Table 111 gives some guidance to the average number of assays 
and tablet weights required in order to set 95/99 tolerance limits to  
i 15% of label claim if the target is label claim and if the process 
is running at label claim with the population coefficients of varia- 
tion, XY and Xp, listed in the first two columns of the table. This 
table should be used only as a rough guideline. Equations 1 through 
5 may be used to prepare similar tables for various confidence 
levels, portions of population distribution, and postulated tolerance 
limits. 


ANALYTICAL METHODS 


Mestranol Assay-A direct reference standard tablet method 
previously published (12) for the determination of a I7a-ethynyl- 
estradiol 3-methyl ether (mestranol) was selected for this study 
because of its good precision and accuracy as used in these labora- 
tories. In the course of development and production, both domestic 
and foreign, more than 17,000 determinations have been made by 
this procedure. Nine test tablets plus three reference tablets may be 
assayed in 1 hr. of analyst’s time. The average difference in the 
means of single tablet assays comparing this direct method with a 
manual extraction method on composite samples for a series of 260 
assays was 0.56%;;. During an 18-month period the absorbance 
values per gram of the reference tablets were found to change no 
more than absorbance values from color reactions on freshly 
prepared standard solutions of mestranol. The average assay rela- 
tive standard deviation for the 1800 determinations on the 200 lots 


0.69729 
0.69972 
0.70214 
0.70456 
0.70698 
0.70941 
0.71183 
0.71425 
0.71668 
0,71910 
0.72152 


42 
72 


121 
251 
335 
372 
333 
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145 
60 
24 


xxxxxxxx 
xxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxx 
xxxxx 


0.72395 4 X 
5 X - >O .72637 


2000 


Mean Variance 
~ 


Population 0.7106 X 10-3 0.2760 X 10-10 
Computed 0.7104 X 10-3 0.2730 X 10-10 
Skewness -0.0263 
Kurtosis -0.0969 


Figure 2-Histogram and distribution statistics for variable P. 
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Cell X 10-3.- 


<82.44057 
82.44057 
83.15900 
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90.34329 
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69 
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Mean __ 
From Data 87.065 X 10-3 
From Calcd. 87.110 X 10-3 
Skewness -0.09520 
Kurtosis -0.05849 


Figure 3-Histogram and distribution statistics .for cariable Y P. 


Table I-Data from 200 Lots of a Steroid Tablet 


Lots 4 103 97 
Determinations +. 927 873 
Target -, 84 mcg./Tablet 86 mcg./Tablet 


Aa Bb Aa Bb 


Mean potency mcg./tablet 85.1 85.2 86.2 86.3 
Mean SD 1.5  1 . 6  1 .4  1 . 5  
Av. tolerance limits (95/99) 


(in percent of mean) f 7 . 5  xk5.7 3z7.5 f 5 . 5  


Average results from estimating mean and content uniformity by 
weighing and assaying nine tablets. * Average estimates from the use of 
the procedure recommended in this paper. 


of Table I was less than 0.7%. The direct method cannot be used 
with tablets whose excipients react with sulfuric acid to form 
colored components. For such tablets, a selective method such as 
that reported by Tsilifonis and Chafetz (1 3) may be used. 


Isoniazid Assay-The isoniazid from a single tablet was dissolved 
in water and filtered. An aliquot of filtrate was diluted with 0.003 N 


Variance 
2.4610 X 10-6 
2.4900 x 10-6 


Table 11-Comparison of Data from Computer Printouts on Production Lots 


HCI. The absorbance of the sample solution at 265 mp was com- 
pared to that of a standard solution similarly prepared using 0.003 
N HCI as the blank. The relative standard deviation of the method 
was found to be about 0.6%. 


Diethylstilbestrol Assay-The diethylstilbestrol tablets were 
assayed by the USP procedure (5). 


Atropine Sulfate-The atropine sulfate tablets were assayed by a 
modification (14) of an automated procedure (15) using a bromo- 
cresol purple dye complex. The tablets were dissolved in 10 ml. 
water and placed in the liquid sampler. Ethylene dichloride was 
used as the extraction solvent. 


Methyltestosterone Assay-The methyltestosterone tablets were 
assayed by the NF procedure (6). 


Phenobarbital Assay-A single tablet was disintegrated in water, 
made alkaline, and filtered. An aliquot of the filtered solution was 
diluted to a concentration of 8 mcg. of phenobarbital per ml. of 
0.04% sodium hydroxide soution. The absorbance at 241 mp of the 
sample solution was compared to that of a standard solution simi- 
larly prepared using 0.04% sodium hydroxide as the blank. The 
relative standard deviation of the method was found to be about 
1.2z. 


Isoniazid USP Isoniazid USP Diethylstilbestrol Atropine Sulfate 
(Lot A) (Lot B) USP USP 


Label claim, mg./tablet 
No. tablets weighed ( N Y )  
No. determinations ( N z ,  N,.) 
Is WA mg. 
Y ( N Y ) ,  mg. 
Mean assay (X), mg. 
F( 2-1 
Y P  (calcd.), mg. 
FlVl., 


100 
199 


9 
320.2 
311.8 
99.3 


8 
96.7 
22 


TOI: int. (XI, % 81 . 1-1 17.5 
Tol. Int. (Y?, % 85.5-107.9 
Percent of S$p due to weight of tablets 40.6 


100 0.250 
199 201 


3 10 
312.9 70.28 
315.1 69.87 


2 9 


200 27 


97.8 0.252 


98.5 0.253 


42.1-153.0 90.7-1 10.6 
93.4-103.0 91.1-111.4 


99.1 43.3 


0.40 
198 
10 
35.5 
36.7 
0.395 
9 
0.409 


163 
83.3-1 14.1 
91.5-112.8 


85.2 
~~ ~ 


Aspirin, Phenacetin, Paramethasone 
Methyltestosterone Phenobarbital and Caffeine NF Acetate NF XI11 


NF USP (Caffeine Assay) (Tentative) 


Label claim, mg./tablet 
No. tablets weighed ( N Y )  
No. determinations ( N z ,  N P )  
Es ( N d ,  mg. 
Y WY),  mg. 
Mean assay (X), mg. 
F(d 


10.0 
200 
10 


129.26 ~ 


129.50 
10.05 
9 


30.0 
199 


4 
121.9 
120.7 
29.8 


3 


32.0 
199 


9 
528.5 
516.1 
33.1 
8 


Fp (calcd.), mg. 10.07 29.5 32.3 
F ( Y P )  39 38 17 
Tol. Int. (x), % 89.1-112.0 86.6-111.9 88 .0-116.4 


Percent of S;, due to weight of tablets 53.0 73.3 31.4 
Tol. Int. (YE'), 91.8-109.7 93.9-102.6 91.3-108.2 


1 .o 
200 


10 
303.6 
303.5 


1.015 
9 
1.014 


18 
96.4-106.5 
95.8-107.0 


30.2 
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Table III-Minimum Estimated Number of Determinations Needed 
for 95% Confidence That 99% of the Tablets Will Be Within 
f 15 of Label Claim 


Number of Tablets Weighed 
10 20 30 100 m 


X y ,  A p t  K F Number of Assays Needed 


1 .0  1 .0  10.61 2 2 2 2 2 2  
1.0 2.5 5.57 6 6 6 6 6 6  
1.0 3.5 4.12 12 12 12 12 12 12 
2.0 1 .0  6.71 4 2 2 2 2 2  
2 0  2 5  4 6 9  8 5 5 5 5 4  2.0 2.5 4.69 8 5 5 5 5 4  
2.0 3.5 3.75 17 12 12 12 11 11 
3.0 1.0 4.74 8 2 2 2 2 2  
3.0 2.5 3.80 16 9 5 5 4 4  
3.0 3.5 3.25 30 26 15 14 12 11 
3.5 3.5 3.03 67 - 143 41 22 18 
4.0 1 . 0  3.64 20 - 3 2 2 2  
4.0 2 .5  3.18 40 - - 13 5 5 
4.0 3.0 3.00 75 - - - 15 11 


Caffeine Assay-The caffeine from a single tablet of aspirin, 
phenacetin, and caffeine tablets (NF XI1)was dissolved inchloroform 
and determined by an IR spectrophotornetric procedure previously 
published (16). The relative standard deviation of the method was 
found to be about 1.1 %. 


Paramethasone Acetate-The paramethasone acetate tablets 
were dissolved in 50 ml. of 50% methanol and determined by the 
semiautomated procedure using only the steroid manifold in the 
previously published method for propoxyphene hydrochloride and 
paramethasone acetate (17). 


CONCLUSIONS 


Formulas have been proposed for combining tablet weight and 
assay data into estimates of mean potency and content uniformity. 
Based on Monte Carlo simulations and also 20,000 tablet weigh- 
ings and 1800 assays on 200 lots of a steroid tablet, this approach 
was found to be reasonable. More specific information on tolerance 


intervals is obtained by the proposed method than by existing or 
suggested tests for content uniformity in the official compendia. 
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REVIEWS 


The Molecular Orbital Theory of Organic Chemistry. By MICHAEL 
J. S. DEWAR. McGraw-Hill Book Company, New York, NY 
10036,1969. vii + 484 pp. 15.5 X 23.5 cm. Price $16.50. 
This book is representative of a general class of books written 


over the past decade in which quantum chemistry is applied to 
organic chemistry, with major emphasis on molecular orbital 
theory. The book is divided into ten chapters, the first four of which 
develop the concepts of molecular orbital theory useful to  the 
organic chemist. In subsequent chapters, molecules of increasing 
complexity are treated with considerable emphasis on the conceptu- 
alization of the theory. The continual relationship to more classical 
concepts such as reaction types based upon valence bond mech- 
anisms and the Hammett relationships makes the entrance into 
molecular orbital theory particularly useful. 


There is much emphasis on self-consistent field theory, with very 
little attention paid to the less exact but simpler Huckel schemes in 
common use. This is particularly true of Huckel all-valence elec- 
tron methods which are completely ignored. In places, the level of 
sophistication of treatment exceeds the needs of the medicinal 
chemist. There is much written about hydrocarbons but perhaps 
too little about heteroatom-containing molecules, which, of course, 
are the tools of the medicinal chemist’s trade. 


In summary, this book is a useful reference for the organic or 
medicinal chemist who already has some background in molecular 
orbital theory. 


Reviewed by Lemont B. Kier 
Battelle Memorial Institute 
Columbus Laboratories 
505 King Avenue 
Columbus, OH 43201 


Principles of Physical, Organic, and Biological Chemistry. By 
JOHN R. HOLUM. John Wiley and Sons, Inc., New York, NY 
10016,1969. x +728 pp. 17.2 X 23.5 cm. PriceS10.95. 
This book consists essentially of two parts. The first deals with 


basic physical and chemical principles, including the concepts of 
energy, atomic structure, thermodynamics, chemical bonds, spon- 
taneity, equilibria, and organic chemistry. The second comprises 
the application of these principles in developing an understanding 
of and an appreciation for the molecular basis of life. 


The material, which contains appropriate illustrations and ex- 
amples, is well organized and easily understood. Particularly note- 
worthy is the author’s lucid treatment of the rather difficult subject 
of thermodynamics. His qualitative discussions of such concepts as 
internal energy, entropy, enthalpy, and spontaneity are commend- 
able. Indeed, the student of physical chemistry would do well to 
read his account first and then proceed to the advanced texts. 


The latter chapters deal with such topics as, “Biochemical Regula- 
tion and Defense,” “Important Fluids of the Body,” “Energy for 
Living,” “Metabolism of Lipids, Carbohydrates and Proteins,” 
and the ‘Chemistry of Heredity.” These chapters apply the funda- 
mental principles presented in earlier chapters to explain the com- 
positions and functions of living matter. The author’s approach in 
explaining life on a molecular basis should prove to be not only 
informative to the student but stimulating and fascinating as well. 


As stated in the Preface, this book “. . .is intended for use in a 
two- or three-term terminal college course in chemistry for students 
in the humanities, the social sciences, and the paramedical sciences, 
including nursing, home economics, physical therapy, many areas 
of biology, and many programs in the agricultural sciences.” It is 
well suited for that purpose. 


Reviewed by Edward 0. Magarian 
Department of Pharmaceutical Chemistry 
College ofpharmacy 
University of Kentucky 
Lexington, K Y  40506 
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D R U G  S T A N D A R D S  


Analysis of p-Aminosalicylic Acid, Its Salts and Dosage Forms, 
by Nonaqueous Titration 


JAMES HUNT and MARTIN I. BLAKE 


Table I-Comparative Study of Proposed and Official Assays for 
p-Aminosalicylate Content in Dosage Forms Abstract 0 p-Aminosalicylic acid, its salts, and its dosage forms are 


determined by visual or potentiometric titration with sodium 


Labeled 
Amount, ---Label Claim Found, %--- 


methoxide in benzenemethanol using dimethylformamide as the 
titration solvent. p-Aminosalicylic acid and its decomposition prod- 
uct rn-aminophenol may be differentiated with this titration system. Dosage g./Unit Proposed Official 
Salts of paminosalicylic acid are converted to the acid form by Form Dose Method Assay 
ion-exchange chromatography prior to titration. The procedure is 
applied to several dosage forms. p-Aminosalicylic Acid 
Keyphrases 0 p-Aminosalicylic acid and salts-analysis 0 Dosage Powder - 99.86 f 0.24" 100.04 f 0.37 
forms, p-aminosalicylic acid and salts-analysis 0 Column chro- Sodium p- Aminosalicylate 
matography-separation 0 Potentiometric titration-analysis Powder - 99.62 f 0.29 100.52 & 0.06 


Capsule 0.50 100.71 f 0.54 100.43 i 0 .26  
Tablet 0.50 100.77 f 0.86 99.82 f 0.29 


The USP XVII method ( 1 )  for the determination of 
paminosalicylic acid (PAS), its salts and dosage forms, 
involves the diazotization reaction and is based on pro- 
cedures developed by Tarnoky and Brews (2) and Pesez 
( 3 ,  4). The use of an external indicator and the non- 
selectivity of the reaction have been noted by Chatten 
( 5 )  as shortcomings of the procedure. m-Aminophenol 
(MAP), the major breakdown product of PAS, is also 
diazotized in the titration process; in the official mono- 
graphs the MAP content is determined separately by 
colorimetric analysis. 


A variety of analytical methods has been proposed 
for the determination of PAS and its salts. These have 
been extensively reviewed by Lach and Cohen (6). 


A number of nonaqueous titrimetric procedures have 
appeared in the literature. They have been reviewed by 
Kucharsky and Safarik (7) and are briefly noted here. 
Chatten (8) reported the visual titration of PAS with 
potassium hydroxide in methanol as titrant, acetone as 
the titration solvent, and thymol blue as indicator. For 
sodium p-aminosalicylate, methanol served as the 
titration medium and perchloric acid in dioxane as 
titrant. These methods were reported to be specific even 
in the presence of MAP. Butler and Ramsey (9) titrated 
PAS and its sodium salt potentiometrically with per- 
chloric acid in glacial acetic acid. An acetic acid-carbon 
tetrachloride solvent mixture served as the titration 
medium. Stockton and Zuckerman (10) determined 
sodium p-aminosalicylate and its solutions by potentio- 
metric titration with perchloric acid in propylene glycol 
and isopropyl alcohol (1 : I), using the same solvent mix- 
ture as the titration medium. The decomposition prod- 
ucts MAP and sodium bicarbonate did not interfere. 
Das and Palit (1 1) employed the same titrant and solvent 
system. 


In the present study, PAS is titrated with sodium 
methoxide in benzene-methanol (10: 1). The titration 
medium is dimethylformamide. The difference in the 
acidic properties of PAS and MAP permitted a dif- 


Tablet 
Tablet 


Powder 
Tablet 


Capsule 
Solution 


(chocolate 
coated) 


0.69 98.70 f 0.57 99.98 f 0.26 
1 .oo 97.40 f 0.32 100.50 f 0.38 


- 99.45 f 0.17 99.40 f 0.52 
0.50 100.43 f 0.72 100.21 ;t 0.18 


Calcium p-Aminosalic ylate 


0.50 96.99 f 0.42 100.58 f 0.71 
1.00 96.87 3~ 0.89 102.18 f 0.40 


( 5  ml.) 
~ ~~ - ~ 


a Average deviation based on at least five determinations. 


ferentiating titration of the two components. The salts 
of PAS are converted to the acid by ion-exchange 
chromatography prior to titration. The techniques are 
applied to several dosage forms. 


EXPERIMENTAL 
Apparatus-Titrations were performed visually or potentio- 


metrically with a Fisher titrimeter, model 35, equipped with a 
sleeve-type calomel and platinum electrode system. A 50-ml. buret 
(1 cm. i.d.) was employed as a chromatographic column. It was 
plugged at the base with glass wool to support the resin column. 


Reagents+) pAminosalicylic acid, rn-aminophenol, and sodium 
and calcium paminosalicylate were the best quality available from 
commercial sources. The rn-aminophenol was further purified by 
recrystallizing from hot water. (b) Tenth normal sodium methoxide 
in benzene-methanol (10: 1) was prepared and standardized as de- 
scribed earlier (12). (c) Other chemicals and all solvents used in this 
study were reagent grade and were used without further purifica- 
tion. (d )  Powder, capsule, and tablet dosage forms were supplied by 
Dorsey Laboratories, Lincoln, Neb. A solution of sodium pamino- 
salicylate was obtained from Hines Veterans Administration 
Hospital, Hines, Ill., prepared as directed in their hospital pharmacy 
formulary. 


Preparation of Column-A weak cation-exchange resin (Am- 
berlite IRC-50) and a strong cation-exchange resin (Dowex 50W- 
X8) were used in this study. The resin columns were prepared as 
described earlier (13, 14). 


General Assay Procedure-One-half to one milliequivalent of 
sodium or calcium paminosalicylate, accurately weighed, was 
dissolved in the smallest volume of dimethylformamide and the 
solution passed through the column containing the weak resin. 
Effluent was collected in a 100-ml. graduated cylinder. Additional 
dimethylformamide was added to the column until 75 ml. of ef- 
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Figure 1-Typical titration curve for MAP. 


fluent was collected. The effluent was titrated visually to the first 
permanent blue color using thymol blue as indicator (0.3% in 
methanol) or potentiometrically with the Fisher titrimeter. By the 
latter method, the end-point was determined from the inflection of 
the curve obtained by plotting volume of titrant uersus millivolt 
readings. 


Analysis of Dosage Forms-Capsules and Tablets-Twenty 
tablets were weighed and powdered, or 20 capsules were emptied 
as completely as possible and the contents weighed. A sample of 
the powder mass equivalent to between 0.5 and 1.0 meq. of p- 
aminosalicylate salt was dissolved in 25 ml. of dimethylformamide 
with the aid of magnetic stirring. The solution was treated as de- 
scribed under General Assay Procedure. 


Chocolate-coated tablets of calciump-aminosalicylate were soaked 
in distilled water until the coating dissolved. This required no 
longer than 5 min. The tablets were dried rapidly between filter 
paper and the dried tablets were assayed as described previously. 


Solution-One milliliter of a solution, labeled to contain 1 g. of 
sodium paminosalicylate per 5 ml., was transferred by pipet to the 
column containing the weak resin. The column was eluted with 
dimethylformamide until a total of 75 ml. of effluent was collected. 
The effluent was titrated as described previously. 


Official Assay Procedure-p-Aminosalicylic acid, the sodium and 
calcium salts, and their dosage forms were assayed as described in 


Differentiating Titration of p-Aminosalicyiic Acid and nz-Amino- 
phenol-Samples containing 1 meq. of MAP and a series of mixtures 
containing 1 meq. of PAS and varying amounts of MAP were 
titrated visually and potentiometrically in dimethylformamide with 
0.1 N sodium methoxide as titrant. 


USP XVII (1). 


Table II--Analysis of PAS and MAP Mixtures 


Meq. Ratio 


PAS-MAP PAS MAP 
of Components, I Recovery, 


Visual Titration 
1.00:1.00 101.41 zt O.9ga 
1.00 : O .  50 99.66 zt 0.08 
1 .OO:O. 33 97.55 + 0.65 
1.00:0.25 99.97 f 0.48 
1 .oo :o. 20 99.47 f 0.10 


Potentiometric Titration 
1.00:1.00 96.57 Z!Z 0.42 99.21 zt 0.45 
1 .00:0. 50 98.26 Z!Z 0.37 99.74 It 0.85 
1.00:0.33 97.93 zt 0.22 101.11 zt 0.87 
1.00:0.25 98.85 f 0.54 103.84 f 0.23 
l.oo:O.20 97.86 Z!Z 0.34 102.35 zt 0.08 


~~ 


Q Average deviation based on at least five determinations. 
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Figure 2-Differentiating titration of mixtures of PAS and MAP in 
oaryirzg rneq. ratios: A ,  1:0.20; B,  1:0.25; C, 1:0.33; D, 1:0.50; 
and E. I :  1.0. 


Chromatographic Separation of p-Aminosalicylic Acid and m- 
Aminophenol-A series of mixtures corresponding to those described 
in the previous section was passed through a chromatographic 
column containing a strong cation-exchange resin. Aliquots of the 
mixture were treated as described in the General Assay Procedure, 
except that a strong resin (Dowex SOW-X8) was used in place of 
the weak resin. 


RESULTS AND DISCUSSION 


A major drawback to the official assay procedure for PAS, its 
salts and dosage forms, is that the breakdown product MAP also 
responds to the assay. As a result, apparently quantitative recoveries 
may be obtained even though extensive decomposition may have 
taken place. Although the USP includes a limits test for MAP based 
on colorimetric analysis, it would be desirable to have a simple 
titrimetric procedure which would be specific for PAS. Most non- 
aqueous titration procedures proposed in the literature involve the 
titration of the amino group with perchloric acid in a suitable solvent 
system. Although Chatten ( 5 , 8 )  titrated the carboxyl group in PAS 
with potassium hydroxide in methanol, the sodium salt was deter- 
mined with perchloric acid. 


In the present study, PAS was titrated visually with sodium 
methoxide using thymol blue as the indicator. The end-point was 
readily detectable with one drop of titrant. The sodium and calcium 
salts and their dosage forms were titrated similarly after treatment 
with the weak cation-exchange resin (Amberlite IRC-50), which 
converted the salt to the free PAS. The results of the analyses are 
recorded in Table I. Comparative assays were performed by the 
official procedure. In almost every case the percent recovery by 
the official assay was essentially the same or higher than by the 
proposed method. 


MAP was not titratable visually with sodium methoxide. 
Samples dissolved in dimethylformamide produced an indica- 
tor color change with the first drop of titrant. However, suit- 
able inflections were obtained by potentiometric titration. A typical 
titration curve is shown in Fig. 1. The average percent recovery 
based on a series of 10 titrations was 99.22 f 1.09%. 


The effect of the presence of added MAP on the titration of 
PAS was tested. A series of mixtures of PAS and MAP, listed in 
Table 11, was titrated visually with sodium methoxide. The presence 
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of MAP did not interfere with the visual end-point determination 
in the titration of PAS. This is probably attributable to the large 
difference in pKa values for these compounds: 3.25 for PAS (15) 
and 9.71 for MAP (16). When the mixtures were titrated potentio- 
metrically, two inflections in the titration curve were obtained, 
indicating the feasibility of a differentiating titration procedure. 
The titration curves for the series of mixtures are shown in Fig. 2, 
and the analysis data are listed in Table 11. In the titration curves 
the first inflection is attributable to PAS, while the second end-point 
is due to the MAP. Although the differentiating titration may not 
be useful for determining the MAP content when present in low 
concentrations (e.g., 10% or less), both the visual and the potentio- 
metric titration procedures are specific for the PAS content. 


The weak cation-exchange resin (Amberlite IRC-50) was found 
to be effective for converting the salts of PAS to the free acid. The 
PAS was eluted from the column with dimethylformamide and the 
eluate titrated with sodium methoxide. When mixtures of PAS (or 
its salt form) and MAP listed in Table I1 were passed through 
the resin column, both PAS and MAP appeared in the eluate. A 
differentiating titration yielded quantitative recoveries for both 
components. Apparently the PAS and MAP are too weakly basic 
to be retained by a carboxylic acid-type resin. When the strong 
cation-exchange resin (Dowex SOW-XS) was used in place of the 
weak resin, the MAP was retained by the column while the PAS 
passed through and was recovered quantitatively in the eluate. The 
percent recovery based on the potentiometric titration of seven 
samples was 100.22 f 0.56%. A sulfonic acid-type resin (Dowex 
50W-X8) is a sufficiently strong acid to extract the MAP from the 
mixture. 


In preliminary studies, ethylenediamine, acetone, isopropyl 
alcohol, methyl isobutyl ketone, acetonitrile, and dimethylform- 
amide were examined as solvents for the differentiating titration of 
PAS and MAP. Dimethylformamide was found to produce the 
most reproducible and clearly defined end-points. The sleeve-type 
calomel and platinum electrode system produced good differentiat- 
ing titration curves where the conventional sleeve-type and glass 
electrode system was unsuccessful in differentiating PAS and MAP. 


SUMMARY 


The proposed assay procedure has advantage over the official 
assay in that the PAS content is determined by direct visual titra- 
tion. MAP, if present, does not interfere with the end-point de- 
tection. Quantitative separation of MAP from PAS may be achieved 


by passing the mixture through a column of strong cation-exchange 
resin (Dowex 50W-X8). The MAP is retained by the column while 
the PAS appears in the eluate. Mixtures of MAP and PAS may be 
differentiated by potentiometric titration. While this procedure is not 
suitable for determining low concentrations of MAP, as is required 
for the official dosage forms (1 % or less), it is useful for studying 
the kinetics of the decomposition of PAS in dosage forms, par- 
ticularly solutions. 
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Improved Differential Spectrophotometric 
Determination of Rifamycins 


CARMINE R. PASQUALUCCI”, ARISTIDE VIGEVANI, PIETRO RADAELLI, and GIAN G. GALL0 


Abstract 0 A differential spectrophotometric method for the deter- 
mination of rifamycin B, rifamide, rifamycin SV, and rifampin, 
based on the oxidation by NaNOz of the hydroquinone moiety of 
the compounds, is described. The application of the method to the 
determination of rifamycin B in fermentation broths and of ri- 
fampin in capsules and in syrup is reported. Precision and ac- 
curacy data are given. 


Keyphrases 0 Rifamycins, dosage forms4ifferential determina- 
tion 0 Fermentation broths-rifamycin determination 0 Hy- 
drolytic oxidation-rifamycin determination 0 Colorimetric 
analysis-spectrop hotometry 


Rifamycin B (I) (1) is a metabolite produced by 
S. rnediterranei, while rifamide (11) (2), rifamycin SV 


(111) (3), and rifampin‘ (IV) (4) are the derived semi- 
synthetic antibiotics presently in therapeutic use. All 
these rifamycins3 possess a characteristic chromophoric 
group which permits their spectrophotometric determi- 
nation (2, 5-7). Furthermore, based on the quinone- 
hydroquinone nature of the chromophore, a differential 
spectrophotometric method has been described for 
rifamycin B and SV (8). The subjects of the present 


1 The international nonproprietary name for this compound is 


2Rifamide as Rifocin M; rifamycin SV as Rifocin; rifampin as 


3 Rifamycins LXIII (rifamycin LXII: G. C.  Lancini, G. G.  Gallo, 


rifarnpicin. 


Rifadin. 


G. Sartori, and P. Sensi, J .  Anribiot. (Tokyo), 22, 369(1969). 
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Complexes of Ergot Alkaloids and Derivatives 11: 
Interaction of Dihydroergotoxine with Certain Xanthines 


MICHAEL A. ZOGLIO and HAWKINS V. MAULDING 


Abstract 0 Intermolecular complexation between a mixture of 
the comparatively water-insoluble alkaloids comprising 9,lO- 
dihydroergotoxine and several xanthines was investigated. Sub- 
stantial elevations of aqueous solubility of dihydroergotoxine in 
0.1 N HCl and in pH 6.65 phosphate buffer was observed in most 
of the cases examined. This incongruity in the normally expected 
solubility data may be attributed to a mutual influence between 
the ergot derivative and the xanthine under consideration. Dis- 
solution studies indicated a generally enhanced first-order rate of 
solution in the presence of xanthine which seems to evidence some 
“driving force” pulling the drug into solution. Partitioning rates 
(aqueous to chloroform) are usually increased when xanthine is 
added to the 9,10-dihydroergotoxine at pH 6.65 and the reverse is 
true in 0.1 N HCl. Biological data in cats and humans are in good 
agreement with physicochemical work. 


Keyphrases 0 Ergot alkaloids, derivatives4omplex formation 0 
Dihydroergotoxine-xanthines-interactions 0 Xanthines effect- 
dihydroergotoxine dissolution 0 Partitioning rate, dihydro- 
ergotoxine-xanthine effect 0 Biological activity correlation- 
physicochemical data 


Caffeine and other naturally occurring xanthines 
have previously been shown to exhibit exceptional 
ability for formation of stable complexes with a wide 
variety of substances (1-3). 


Mixtures of ergot alkaloids themselves have been 
stated to possess a tendency toward facile intermolecular 
complexation (4). 


The interaction of caffeine and ergotamine tartrate 
in aqueous solution was observed in this laboratory 
and is exemplified by: (a) an increased solubility of the 
alkaloid in the presence of caffeine; (b)  an increased 
dissolution rate constant for the ergot alkaloid in the 
combination over pure ergotamine; and (c) increased or 
decreased partitioning rates (aqueous to  chloroform) of 
the alkaloid in the presence of caffeine relative to ergot- 
amine tartrate alone depending on the pH studied (5). 


This attraction between ergotamine tartrate and 
caffeine appeared to be an extremely weak one. The 
isolation of the complex eluded the authors (5). These 
ill-defined forces may be on the order of those found in 
dipole-dipole, dipole-induced dipole, and induced 
dipole-induced dipole systems, but have not been 
delineated. The two component solubility curves do not 
lend themselves to stoichiometric analysis (5 ) .  


It was speculated at the time that these in vitro 
results might correlate to  some extent with the stated 
clinical effectiveness (6, 7) of orally administered 
caffeine, ergotamine tablets, and the caffeine present 
was functioning by holding the ergotamine in solution 
in the gut. Consequently, this solubilization of the 
complex in enteral media was thought probably to  
provide increased drug activity through ease of absorp- 


1 Cafergot, Sandoz Pharmaceuticals, Hanover, N. J. 


tion (5). If the above hypothesis were correct, it was 
hoped that judicious selection of new potential com- 
plexing agents and their in vitro study and comparison 
might lead to more potent and efficacious substances. 
In the light of presently available animal and human 
data, this theory has been corroborated. 


An investigation was carried out on the naturally 
occurring xanthines, caffeine, theophylline, and theo- 
bromine, as well as several of their closely related and 
commercially available analogs in an endeavor to dis- 
cover a more suitable solubilizing agent for ergotamine 
tartrate and other medicinally active bases derived from 
ergot. The ergot alkaloid under consideration in this 
work was 9,10-dihydroergotoxine.2 This substance is an 
approximately equimolar mixture of the methane- 
sulfonate salt of three alkaloids : dihydroergocristine, 
dihydroergokryptine, and dihydroergocornine. These 
three compounds are difficult to separate and the salts 
thereof display only slight water solubility, although 
they are not as insoluble as ergotamine. The three are 
closely related structurally, the only deviation being in 
amino acid composition of the peptide side chain 
attached to the lysergic acid nucleus. 


The simplest basic structural requirements for this 
specific type of complexing agent were thought to  be: 
(a) a planar ring system or single ring; (b)  absence of 
acid or basic functions (the comparative electrical neu- 
trality and lack of acidic hydrogen); and (c) some degree 
of water solubility. This premise has shown itself to  be 
generally correct. Pharmacologically speaking, an 
innocuous substance is demanded. Caffeine, theo- 
phylline, and theobromine present major drawbacks 
as is evidenced by their own pharmacology represented 
by their important clinical applications. 


In most of the compounds surveyed in this project 
the basic xanthine prototype was maintained, and it was 
believed that specific structural modification of this 
moiety might lead to  more appropriate compounds. 
Commercially available materials were examined with 
the exception of trimethyl-isocyanurate ester which was 
prepared (8). This is not to imply that many other 
molecules should not possess the ability of complexa- 
tion with ergot alkaloids as many systems fit the stipula- 
tions presented in the previous paragraph. 


BIOLOGICAL 


The onset and duration of action upon enteral administration of 
dihydroergotoxine and other ergot alkaloids were recently reported 
to be enhanced by several of the xanthine derivatives mentioned in 
this study. The pharmacological parameter employed was a- 
adrenergic blocking activity of ergot alkaloids in cats. The data 
clearly show the increased activity of some ergot alkaloids when 
used together with suitable xanthine derivatives. This appears 


2 Hydergine, Sandoz Pharmaceuticals, Hanover, N. J. 
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to point toward the fact that this phenomenon is due to an im- 
proved absorption picture for these compounds in cats (9). 


In humans the oral absorption of tritiated dihydroergocristine- 
one of the three alkaloidal components of dihydroergotoxine-was 
both faster and more complete for a 24-hr. period on administra- 
tion with 7-p-hydroxypropyltheophylline. Upon the utilization in 
combination with the theophylline analog this was evidenced by 
appreciably higher and longer lasting blood levels when thexanthine 
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Figure 2-Solubilizing action of xanthines on 9J0-dihydroergotoxine 
in phosphate buffer (PH 6.65.; ionic strength 0.2) at 30" for 24 hr. 
Key: 0, caffeine; A, theophylhe; 0, theobromine. 


was present compared to when the drug alone was given. It was 
concomitantly noted that tritiated dihydroergocristine exhibited a 
significant increase in the cumulative urinary excretion of tritium 
when the alkaloid was administered in combination with 7-8- 
hydroxypropyltheophylline relative to dihydroergocristine itself 
(9). 


EXPERIMENTAL 


Materials-Dihydroergotoxine substance2 is a mixture of equal 
parts by weight of dihydroergocristine methanesulfonate, dihydro- 
ergokryptine methanesulfonate, and dihydroergocornine methane- 
sulfonate, which melted with decomposition at 19G-206". The 
various xanthines employed were obtained from the following 
sources: theophylline, m.p. 272-274" (Matheson, Coleman & 
Bell) ; theobromine (Mallinckrodt Chemical Works) ; caffeine 
anhydrous powder USP, m.p. 238" (Pfizer); 7-p-hydroxypropyl- 
theophylline, m.p. 135-1 38 O (Gane's Chemical Works, Inc.); 
7-(2,3-dihydroxypropyl)-theophylline, m.p. 163-166" (Aldrich 
Chemical Co.). Melting points are uncorrected. Reagent grade 
chloroform (Mallinckrodt) was employed in the partitioning 
studies, and 0.1 N HCI and pH 6.65 phosphate buffer were pre- 
pared in the usual manner. All pH values were measured on a 
Metrhom pH meter and spectrophotometric data obtained from a 
Cary model 14 spectrophotometer. 


Solubility Studies-Watertight screw-capped vials (1 8 ml.) 
containing exactly 10 ml. of solvent, dihydroergotoxine (100 mg. 
with pH 6.65 buffer and 400 mg. with 0.1 N HCI) and varying 
amounts of the xanthine, were clamped onto the edge of metal 
disks (15-cm. diameter) mounted on a motor-driven shaft and 
rotated vertically at 6 r.p.m. in a constant-temperature bath at 30 
=t 0.1 '. After exactly 24 hr.,samples were withdrawn using pipet with 
filters attached and analyzed for dihydroergotoxine by the Van Urk 
method (10). 


Dissolution Rates-Either a 25 or 60 r.p.m. stirrer motor fitted 
with a 2.54-cm. propeller blade placed 4 cm. from the bottom of 
an 800-ml. beaker containing 500 ml. 0.1 N HCI solution was used 
in determining these rates. The ergot alkaloid (50 mg.) or alkaloid 
in combination with xanthine (50 mg. : 5  8.) was placed into the 
stirred solution from a height of about 1.5 cm. The temperature of 
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Figure SSolubilizing action of compounds on 9 ,  IO-dihydroergo- 
toxine (I00 mg.) in phosphate buffer ( I 0  ml.; p H  6.75: ionic strength 
0.2) at 30" for 24 hr. Key: 8,  trimethyl-isocyanurate ester; 0 ,  7-p- 
hydroxypropyltheophylline; n, 7-(2,3-dihydroxypropyl)-theophyl- 
line. 
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the dissolution rate media was kept at 37 f 0.1 O by immersing the 
beaker in a constant-temperature bath. Samples were withdrawn 
for analysis for dihydroergotoxine content by the Van Urk method 
( 10). 


Partitioning Studies-Fifteen milliliters of an aqueous phase 
(0.1 N HC1 or phosphate buffer, pH 6.65 ionic strength of 0.20) 
containing alkaloid or alkaloid and xanthine (1  : 100) made by 
dissolution of dihydroergotoxine, Van Urk analysis, and addition 
of xanthine was added carefully to 15 ml. chloroform in screw- 
capped vials. The vials were sealed and rotated at 6 r.p.m. in a 30 
=k 0.1" constant-temperature bath using the same apparatus as 
described for solubility studies. Five-milliliter samples were taken 
at 1, 3, 5,  7, and 9-min. intervals from the aqueous phase and 
analyzed for alkaloidal content by the Van Urk method (10). 


RESULTS AND DISCUSSION 


The solubility of 9,lO-dihydroergotoxine methanesulfonate 
varies with hydrogen ion concentration as can be seen from Figs. 
1 and 2. Changes in apparent solubility of the alkaloid when caffeine 
is added are also a function of pH up to the point of complete 
solution in 0.1 N HC1 and the downward trend evidenced in Fig. 2 
(pH 6.65, phosphate buffer) after addition of 35 mg./ml. caffeine. 
This latter phenomenon is possibly the result of saturation of the 
solution with the solubilized species. It is evident from Fig. 2 that 
solubility of the ergot derivative is raised twentyfold through inter- 
action with caffeine at near neutral pH and 30". The ratio of caffeine 
to alkaloid which can accomplish this increase is about 10: I on a 
weight basis and the molar ratio is 35: 1 which brings about maxi- 
mum solubilization at pH 6.65. Theophylline shows a great deal 
less complexation in the phosphate buffer. The plateau in Fig. 2 is 
conceivably caused by solubility limitations of theophylline; how- 
ever, the picture in 0.1 N HCI generally parallels caffeine. Theo- 
bromine does not appear to form a complex as may be noted in 
Figs. 1 and 2. This is likely a result of the poor solubility of theo- 
bromine, about 1/40 that of caffeine. 


Figure 3 illustrates the interaction of three synthetic compounds 
and caffeine with 9,lO-dihydroergotoxine methanesulfonate in 
phosphate buffer. Two theophylline derivatives, 7-(2,3-dihydroxy- 
propy1)-theophylline and 7-P-hydroxypropyltheophylline, were 
employed, with each exhibiting comparable solubilizing properties 
to caffeine. Both of these compounds have good water solubilities 
relative to the other xanthines. The dihydroxy derivative elevates 
the 9,10-dihydroergotoxine methanesulfonate solubility up to a 
maximum of 1.5 mg./ml. under the conditions employed, while the 
7-j7-hydroxy derivative gives somewhat less solubilization. Tri- 
methyl - isocyanurate ester (1,3,5 - trimethyl - 2,4,6 - trioxo - 1,3,5- 
triazine) (8) showed the least interaction. This may be because of its 
low water solubility in addition to absence of the second ring as is 
found in all xanthines followed by the consequent lowering of its 
affinity for the ergot alkaloid. 


From Fig. 2 it seems the presence of less xanthine molecules is 
needed to solubilize each molecule of the ergot compound than was 
the situation with ergotamine tartrate (5). 


The question as to the species comprising the complex as well 
as its stoichiometry is in doubt, but protonation of one or both 
species is likely in 0.1 N HCI, while at pH 6.65 almost all the caffeine 
and a good percentage of the dihydroergotoxine (pKa around 6.5) 
is present as the neutral molecule. 


The exact nature of the complex between these ergot alkaloids 
possessing the unusual cyclic tripeptide attached to the lysergic 
acid portion has not been elucidated, but work is continuing along 
these lines. 


Complete solubility studies were not carried out in 0.1 N HCI 
as most of the alkaloid and some of the xanthine would exist as the 
hydrochloride salt under these conditions, and even though the 
amount in solution is considerable, absorption of these ionic species 
is doubtful (1 1). 


The dissolution rate of poorly water-soluble drugs is considered 
by some to be the rate-limiting step in absorption (12-14). Dissolu- 
tion rates were run on 9,1O-dihydroergotoxine methanesulfonate 
with and without xanthine present to determine if there were any 
differences in rate constants. These tests were done in a relatively 
large volume of 0.1 N HCI (500 ml.) to effect "sink" conditions 
and allow approximation of a first-order process. A 100: 1 ratio of 
xanthine to alkaloid was employed to correspond to the quantities 
found in the commercial product (6). Figure 4 gives an example of a 


s 
J z 
X 
0 
I- 
0 
0 
w 
a 


n 


I 1. 


2 
n 


3 w 
E 
n 


2 


2 
t 


w 


z 
3 


t; 
s CI 


0. 
0 1 2  3 4 5 6 7 8 9 1011 


TIME, min. 


Figure 4-E'ect of caffeine on the dissolution rate of 9,lO-dihydro- 
ergotoxine in 0.1 N HCl(500 ml.) at 37" and 60 r.p.m. Key: 0, dis- 
solution of 9,10-dihydroergotoxine, 50 mg.; 0, dissolution of 9,lO- 
dihydroergotoxine, 50 mg., and caffeine, 5.0 g. 


system of this kind and substantial variation may be noted in the 
two rate constants (a factor of three). The sizable variances in the 
relative rate constants are again evidenced in Fig. 5 with the ex- 
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Figure 5-Effect of naturally occurring xanthines on the dissolurion 
rate of 9,IO-dihydroergotoxine in 0.1 N HCl(500 ml.) at 37", stirring 
speed 25 r.p.m. Key: 0, 50 mg. dihydroergoroxine; 0, 50 mg. di- 
hydroergotoxine and caffeine, 5.0 g.: A, 50 mg. dihydroergotoxine 
and theophylline, 5.0 g.; 0, 50 mg. dihydroergotoxine and rheobro- 
mine, 5.0 g .  
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Figure 6-Effect of synthetic xanthines on the dissohtiotf rate of 
9,10-di/i~droergotofirte in 0.1 N HCI (SO0 ml.) at 37", stirring speed 
25 r.p.ni. Key: e, SO nig. dihydroergotoxine; 17, 50 my. dihydro- 
ergotosine and 5.0 g. 7-(2,3-di/iydroxypropyl)-1Ireopliylli~ie; 11, 
50 mg. dihydroergotoxine and 5.0 g. 7-P-hydroxypropyltheophyl- 
line. 


ception of theobromine where the deviation from the 9,lO-di- 
hydroergotoxine standard is negligible. It is obvious that caffeine 
and theophylline have a large influence on the dissolution rate of 
the ergot alkaloid. Figure 6 shows the same phenomena of increase 
in dissolution rate on addition of the two theophylline derivatives 
to the alkaloid, with the extremely water-soluble 7-P-hydroxypropyl- 
theophylline showing the largest rate increase as expected. 


0 5 10 15 20 25 30 35 40 45 
TIME. rnin. 


Figure I-Plot of amount of 9,lO-dihydroergotoxine remaining on 
partitioning of I0 mf. p H  6.65 buffer with I0 ml. chloroform in a wafer 
bath at 6 r.p.m. and 30". Key: e, 0.15 mg.lml. dihydroergotoxine; 
0 , O .  I5 mg.lml. dihydroergotoxine plus I5 mg.lrnl. caffeine. 


Figures 4-6 were derived from a typical experimental run with 
the only variation being a stirrer speed of 60 r.p.m. in Fig. 4 com- 
pared to 25 r.p.m. for the latter two. 


Overemphasis should rarely be placed on dissolution rate data 
alone, but it is plain in this instance that there are significant changes 
in the dissolution rates on addition of xanthjnes, excepting theo- 
bromine. This information complements the solubility data. 


During the course of investigation of the equilibrium distribu- 
tion between an aqueous phase and chloroform of 9,10-dihydro- 
ergotoxine methanesulfonate with and without caffeine, it was noted 
that the time required for attaining this equilibrium was 15 min. 
in the former instance and 45 rnin. in the latter (Fig. 7). These data 
suggested perhaps the way to relate in citro results to drug absorp- 
tion was to study the rate of migration from one phase to  another 
rather than look at the equilibrium distribution. The rate at which a 
drug distributes itself between phases does not necessarily parallel 
its equilibrium distribution coefficient. 


A representative partitioning experiment involving the alkaloid 
and caffeine is illustrated in  Fig. 8. The log of the 9,10-dihydroxy- 
ergotoxine methanesulfonate percentage remaining in the aqueous 
layer (phosphate buffer, pH 6.65) is plotted cersus time. The graph 
shows that the rate for the first-order transfer of drug from aqueous 
phase to chloroform is substantially larger in the presence of 
caffeine than in its absence. The rate of caffeine partitioning from 
aqueous to organic phase is apparently the same with and without 
alkaloid. A 10O:l ratio of caffeine to 9,lO-dihydroergotoxine was 
utilized. 


In all instances of partitioning rates determined at pH 1.25 
(0.1 N HCI), a retardation of transfer of 9,10-dihydroergotoxine 
from aqueous to organic phase was noted upon inclusion of xan- 
thine (Fig. 9). This phenomenon is unexplained but may be due to 
some combination of protonation of both species coupled with 
interaction in acidic media. As drug absorption at this pH is rather 
unlikely, it was not examined further. 


Partitioning rates were run in duplicate-ergotoxine versus 
ergotoxine plus xanthine-and each repeated several times. The 
experimental conditions approach a first-order process (see Experi- 
mental section) and give good results for this system. The results 
paralleled those found with caffeine-ergotarnine with the exception 
of the combination 7-(2,3-dihydroxypropyl)-theophylline :dihydro- 
ergotoxine at pH 6.65. This combination exhibited no difference in 
partitioning rate when compared to dihydroergotoxine. This 
particular xanthine is insoluble in chloroform which in some way 
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Figure I-Effect of caffeine on !he partitioning rate of dihydroergo- 
toxine mefhanesulfonate .from an aqueous (phosphate buffer, p H  
6.65) to an organic phase (chloroform). Key: 0, dihydroergotoxine, 
0.1 mg./ml.; 0, dihydroergotoxine, 0.1 mg./mI.; and caffeine, 10.0 
mg./mI. 
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Figure 9-Effect of 7-(2,3-dihydroxypropyl)-theophylline on the 
Partitioning rate of dihydroergotoxine methanesulfonate from an 
aqueous phase (0.1 N HCI) to an organic phase (chloroform). Key: 
0, dihydroergotoxine methanesulfonate, 0.  I mg.lml.; 0, dihydro- 
ergotoxine methanesulfonate, 0.1 mg.lml.: and 7-(2,3-dihydroxy- 
propyl)-tlteopjiyliine, 10.0 mg.lmi. 


relates to its inability to affect partitioning at this pH. Solubility 
problems precluded use of theobromine at this almost neutral 
pH. The 7-~-hydroxypropyltheophylline was tested in humans 
with dihydroergocristine, and the same relative results were ob- 
tained and are listed in the Biologicaisection. 


It has been reported by the authors ( 5 )  that when a complexing 
agent is present in partitioning studies, the alkaloid is transferred 
directly to the organic phase, while in cases of the alkaloid alone a 
precipitation step precedes this transfer. The increased partitioning 
at enteral pH (6.65) was probably not due to transfer of complex 
between phases, but rather to partial prevention of a precipitation 
step which occurred when the alkaloid itself was present in the 
aqueous phase. 


CONCLUSIONS 


The utilization of simple physicochemical studies as a rapid 
ranking or screening device of known or suspected biologically 
active agents preceding the tedious and expensive animal and 
human work is an ultimate goal of these investigations. 


In general, the in vitro partitioning rate data obtained thus far 
indicate absorption potentiation at neutral pH should be observed 


with ergot alkaloids having the polypeptide moiety intact upon 
addition of certain xanthines such as caffeine. This phenomenon has 
been examined both for 9,lO-dihydroergotoxine methanesulfonate 
and ergotamine tartrate (5 ) .  The rate effect, however, is reversed 
at gastric pH. Dissolution rate constants are usually increased in 
0.1 N HCl solutions upon inclusion of xanthine while solubility 
of the alkaloid at enteral and gastric pH is elevated by most xan- 
thines discussed. 


An exceptional degree of success has been achieved in correla- 
tion of in vitro data with the increased clinical effectiveness of ergot 
alkaloids in the presence of complexing agents (6,7). Recent clinical 
and animal evidence has substantiated the previously obtained in 
vitro results stated in this communication (9). 


This ergot alkaloid :xanthine interaction is somewhat unusual 
as it is an exceptional example where complexation in the gastro- 
intestinal tract leads to enhanced rather than decreased absorption 
of a medicinal agent. 
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REVIEWS 


The Molecular Orbital Theory of Organic Chemistry. By MICHAEL 
J. S. DEWAR. McGraw-Hill Book Company, New York, NY 
10036,1969. vii + 484 pp. 15.5 X 23.5 cm. Price $16.50. 
This book is representative of a general class of books written 


over the past decade in which quantum chemistry is applied to 
organic chemistry, with major emphasis on molecular orbital 
theory. The book is divided into ten chapters, the first four of which 
develop the concepts of molecular orbital theory useful to  the 
organic chemist. In subsequent chapters, molecules of increasing 
complexity are treated with considerable emphasis on the conceptu- 
alization of the theory. The continual relationship to more classical 
concepts such as reaction types based upon valence bond mech- 
anisms and the Hammett relationships makes the entrance into 
molecular orbital theory particularly useful. 


There is much emphasis on self-consistent field theory, with very 
little attention paid to the less exact but simpler Huckel schemes in 
common use. This is particularly true of Huckel all-valence elec- 
tron methods which are completely ignored. In places, the level of 
sophistication of treatment exceeds the needs of the medicinal 
chemist. There is much written about hydrocarbons but perhaps 
too little about heteroatom-containing molecules, which, of course, 
are the tools of the medicinal chemist’s trade. 


In summary, this book is a useful reference for the organic or 
medicinal chemist who already has some background in molecular 
orbital theory. 


Reviewed by Lemont B. Kier 
Battelle Memorial Institute 
Columbus Laboratories 
505 King Avenue 
Columbus, OH 43201 


Principles of Physical, Organic, and Biological Chemistry. By 
JOHN R. HOLUM. John Wiley and Sons, Inc., New York, NY 
10016,1969. x +728 pp. 17.2 X 23.5 cm. PriceS10.95. 
This book consists essentially of two parts. The first deals with 


basic physical and chemical principles, including the concepts of 
energy, atomic structure, thermodynamics, chemical bonds, spon- 
taneity, equilibria, and organic chemistry. The second comprises 
the application of these principles in developing an understanding 
of and an appreciation for the molecular basis of life. 


The material, which contains appropriate illustrations and ex- 
amples, is well organized and easily understood. Particularly note- 
worthy is the author’s lucid treatment of the rather difficult subject 
of thermodynamics. His qualitative discussions of such concepts as 
internal energy, entropy, enthalpy, and spontaneity are commend- 
able. Indeed, the student of physical chemistry would do well to 
read his account first and then proceed to the advanced texts. 


The latter chapters deal with such topics as, “Biochemical Regula- 
tion and Defense,” “Important Fluids of the Body,” “Energy for 
Living,” “Metabolism of Lipids, Carbohydrates and Proteins,” 
and the ‘Chemistry of Heredity.” These chapters apply the funda- 
mental principles presented in earlier chapters to explain the com- 
positions and functions of living matter. The author’s approach in 
explaining life on a molecular basis should prove to be not only 
informative to the student but stimulating and fascinating as well. 


As stated in the Preface, this book “. . .is intended for use in a 
two- or three-term terminal college course in chemistry for students 
in the humanities, the social sciences, and the paramedical sciences, 
including nursing, home economics, physical therapy, many areas 
of biology, and many programs in the agricultural sciences.” It is 
well suited for that purpose. 


Reviewed by Edward 0. Magarian 
Department of Pharmaceutical Chemistry 
College ofpharmacy 
University of Kentucky 
Lexington, K Y  40506 
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of MAP did not interfere with the visual end-point determination 
in the titration of PAS. This is probably attributable to the large 
difference in pKa values for these compounds: 3.25 for PAS (15) 
and 9.71 for MAP (16). When the mixtures were titrated potentio- 
metrically, two inflections in the titration curve were obtained, 
indicating the feasibility of a differentiating titration procedure. 
The titration curves for the series of mixtures are shown in Fig. 2, 
and the analysis data are listed in Table 11. In the titration curves 
the first inflection is attributable to PAS, while the second end-point 
is due to the MAP. Although the differentiating titration may not 
be useful for determining the MAP content when present in low 
concentrations (e.g., 10% or less), both the visual and the potentio- 
metric titration procedures are specific for the PAS content. 


The weak cation-exchange resin (Amberlite IRC-50) was found 
to be effective for converting the salts of PAS to the free acid. The 
PAS was eluted from the column with dimethylformamide and the 
eluate titrated with sodium methoxide. When mixtures of PAS (or 
its salt form) and MAP listed in Table I1 were passed through 
the resin column, both PAS and MAP appeared in the eluate. A 
differentiating titration yielded quantitative recoveries for both 
components. Apparently the PAS and MAP are too weakly basic 
to be retained by a carboxylic acid-type resin. When the strong 
cation-exchange resin (Dowex SOW-XS) was used in place of the 
weak resin, the MAP was retained by the column while the PAS 
passed through and was recovered quantitatively in the eluate. The 
percent recovery based on the potentiometric titration of seven 
samples was 100.22 f 0.56%. A sulfonic acid-type resin (Dowex 
50W-X8) is a sufficiently strong acid to extract the MAP from the 
mixture. 


In preliminary studies, ethylenediamine, acetone, isopropyl 
alcohol, methyl isobutyl ketone, acetonitrile, and dimethylform- 
amide were examined as solvents for the differentiating titration of 
PAS and MAP. Dimethylformamide was found to produce the 
most reproducible and clearly defined end-points. The sleeve-type 
calomel and platinum electrode system produced good differentiat- 
ing titration curves where the conventional sleeve-type and glass 
electrode system was unsuccessful in differentiating PAS and MAP. 


SUMMARY 


The proposed assay procedure has advantage over the official 
assay in that the PAS content is determined by direct visual titra- 
tion. MAP, if present, does not interfere with the end-point de- 
tection. Quantitative separation of MAP from PAS may be achieved 


by passing the mixture through a column of strong cation-exchange 
resin (Dowex 50W-X8). The MAP is retained by the column while 
the PAS appears in the eluate. Mixtures of MAP and PAS may be 
differentiated by potentiometric titration. While this procedure is not 
suitable for determining low concentrations of MAP, as is required 
for the official dosage forms (1 % or less), it is useful for studying 
the kinetics of the decomposition of PAS in dosage forms, par- 
ticularly solutions. 
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Improved Differential Spectrophotometric 
Determination of Rifamycins 


CARMINE R. PASQUALUCCI”, ARISTIDE VIGEVANI, PIETRO RADAELLI, and GIAN G. GALL0 


Abstract 0 A differential spectrophotometric method for the deter- 
mination of rifamycin B, rifamide, rifamycin SV, and rifampin, 
based on the oxidation by NaNOz of the hydroquinone moiety of 
the compounds, is described. The application of the method to the 
determination of rifamycin B in fermentation broths and of ri- 
fampin in capsules and in syrup is reported. Precision and ac- 
curacy data are given. 


Keyphrases 0 Rifamycins, dosage forms4ifferential determina- 
tion 0 Fermentation broths-rifamycin determination 0 Hy- 
drolytic oxidation-rifamycin determination 0 Colorimetric 
analysis-spectrop hotometry 


Rifamycin B (I) (1) is a metabolite produced by 
S. rnediterranei, while rifamide (11) (2), rifamycin SV 


(111) (3), and rifampin‘ (IV) (4) are the derived semi- 
synthetic antibiotics presently in therapeutic use. All 
these rifamycins3 possess a characteristic chromophoric 
group which permits their spectrophotometric determi- 
nation (2, 5-7). Furthermore, based on the quinone- 
hydroquinone nature of the chromophore, a differential 
spectrophotometric method has been described for 
rifamycin B and SV (8). The subjects of the present 


1 The international nonproprietary name for this compound is 


2Rifamide as Rifocin M; rifamycin SV as Rifocin; rifampin as 


3 Rifamycins LXIII (rifamycin LXII: G. C.  Lancini, G. G.  Gallo, 


rifarnpicin. 


Rifadin. 


G. Sartori, and P. Sensi, J .  Anribiot. (Tokyo), 22, 369(1969). 
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Table I-Differential Absorptivities of the Rifamycins as a Function of Reaction Time and of 
NaN03 Concentration, a t  the Given Wavelengths 


Time, 0.01 0.02 0.1 0.01 0.05 0 .1  0.01 0.05 0 . 1  0.01 0.05 0.1 
min. -Rifamycin B, 425 mp- Y R i f a m i d e ,  424 mp-- -Rifamycin SV, 4.47 mp- --Rifampin, 473 mp-- 


-NaN02, x - 


0.95 7.76 14.29 2 15.81 17.90 21.00 1.18 12.90 14.00 2.31 15.19 15.60 
5.12 14.63 14.70 14.00 13.90 - 15.60 15.58 


10 20.35 21.48 21.47 10.30 13.97 14.06 14.28 15.67 15.65 - 14.71 14.69 
11.84 14.67 14.71 15 21.02 21.50 21.50 12.4.3 14.02 13.97 15.52 15.55 15.57 
13.34 14.70 14.70 20 21.47 - 21.50 13.53 13.98 14.00 15.58 - 15.60 


30 - 21.52 20.90 13.92 14.00 13.94 15.60 15.58 15.55 14.16 14.73 - 
14.43 14.65 14.68 40 21.51 21.39 20.40 14.03 - 13.98 15.62 15.60 15.60 


5 18.12 21.30 21.51 - 


paper are the modification of the differential spectro- 
photometric method, its extension to  rifamide and 
rifarnpin, and its application to pharmaceutica1 prepara- 
tions. 


I, H 
11, H 


111, H 


CH, 0 


R R 
CH,COOH 
CHLCON(CLH,)? 


A H 
I \  


IV,CH=N-Y Y-CH, H 


THEORY AND PROCEDURE 


The differential spectrophotometric methods are suitable for the 
determination of substances in the presence of high concentrations 
of foreign-absorbing components. In the case of rifamycins the 
quinone-hydroquinone system, together with the position of the ab- 
sorption maximum in the visible region, makes the method specific 
for this family of antibiotics. Thus, rifamycins can be determined in 
fermentation broths, in pharmaceutical preparations, and in bio- 
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400 500 
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Figure 1-Visible spectra of the hydrolytic oxidation of rifamide 
into rifamycin S (4.00 mcg./ml. of rifamide in p H  4.63 acetate bufer 
containing 0.01% w/v NaN02).  I :  initial curve (rifamide), 2: final 
curoe (rifam,ycin S); the curves were recorded at 5-min. interoals. 


Table 11-Differential Absorptivities (a)  of the Rifamycins 


Ln,,. U 


Rifamycin B 425 mp 21.5 
Rifamide 424 mp 14.0 
Rifamycin SV 447 mp 15.6 
Rifampin 473 mp 14.7 


logical fluids, all cases in which the presence of foreign components 
must be overcome. The authors have studied the differential method 
in the case of rifamycin B, rifamide, rifamycin SV, and rifampin, 
and they describe its application to the determination of rifamycin B 
in the fermentation broth and of rifampin in some pharmaceutical 
forms. 


The previous differential spectrophotometric method (8) is not 
applicable for the determination of rifamycin B in the fermentation 
broth. In fact, the use of HAuCl4 as the oxidizing agent and of 
alcoholic benzoate buffer causes the formation of precipitates, which 
hinder the photometric reading. The authors adopted as the oxidiz- 
ing agent a solution of NaNOz in aqueous acetate buffer, p H  4.63. 
The same oxidizing agent was also chosen for the determination of 
rifamycin SV, rifampin, and rifamide. With rifamide it must be 
pointed out that a hydrolytic oxidation to  rifamycin S occurs, with 
the splitting of the glycolic amide moiety. This was demonstrated 
by the visible spectrum of the reaction solution (Fig. 1) and by 
isolation and identification (TLC, IR, NMR, and UV) of the final 
product. 


The effect of the concentration of the oxidizing agent on the 
reaction time was studied for all the rifamycins and the results are 
given in Table I. On the basis of these data, a reaction time of 5 min. 
and a NaNOz concentration of 0.1 % were chosen. In fact, under 
these conditions the rifamycins are completely transformed to the 
oxidized forms. In Table I1 the wavelengths and the differential ab- 
sorptivities of the examined rifarnycins, determined on the pure com- 
pounds in the conditions of the method, are reported. 


The general procedure of the differential determination is as 
follows: the rifamycin to be determined (as powder, suspension, or 
solution) is dissolved in a water-miscible solvent at  a concentration 
of about 1 mg./ml. Two equal portions of this solution are separately 
diluted to a concentration of 2WO mcg./ml., one with the pH 4.63 


Table 111-Precision Data of the Differential Method" 


Rifamycin B -Rifampin---- 
in Fermentation Capsules, Syrup, 
Broths, mcg./ml. w/w x WIW 


~ ~ 


Values 1251; 1251; 
obtained 1260; 1256; 


1256; 1237; 
1242; 1256; 
1257; 1237 


Mean 1249.7 
SD 8.25 
RS D 0.66 


78.9; 78.3; 
78.2; 18.5; 
78.6; 79.0; 
78.5; 79.2; 
77.6; 78.2 
78.50 
0.464 
0.59 


1.88; 1.89; 
1.85; 1.90; 
1.88; f .87; 
1.89;1.85; 
1.88; 1.88 
1.871 
0.0164 
0.87 


Data for rifamide and rifamycin SV are not reported, but they are of 
the same order of magnitude as rifamycin B and rifampin. 
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Table IV-Accuracy Data of Differential Method for Rifamycin B in Fermentation Broth 


100 
Found 


Total Error, Total 
Sample Present” Added Content Found mcg./ml. Content 


Rifamycin B Broth, mcg./ml. __ - -. 


A 777.3 804.3 1581.6 1545.5 -36.1 97.7 
B 813.6 967.9 1781.5 1772.7 - 8 . 8  99.5 
C 613.6 967.9 1581.5 1581.8 + 0 . 3  100.0 


Mean error, - 14.87 
Relative error, - 0.90 


Q Determined by this method. 


Table V-Accuracy Data of Differential Method for Rifampin 
in Capsules and Syrup 


where Aazs is the absorbance at 425 mp and 21.5 is the absorptivity of 
rifamycin B determined by this method. If the concentration of 
rifamvcin B is hieher than 1500 mce./ml.. a higher dilution of the 


Weighed, 
mcg./ml. 


35.60 
32.86 
32.40 
35.74 


Found, Error, 
mcg./ml. mcg./ml. 


Rifampin in Capsules 
35.10 -0.5 
32.53 -0.33 
32.32 -0.08 
35.59 -0.15 


34.20 33.50 -0.7 
33.56 33.02 -0.54 
32.08 31.63 -0.45 
33.20 32.67 -0.53 
31.96 31.84 -0.12 
31.90 31.28 -0.62 
Mean error, -0,402 
Relative error, - 1.21 


17.35 17.38 +O. 03 
18.65 18.84 +O. 19 
17.55 17.93 +0.38 
19.00 19.05 +0.05 
20.80 20.71 -0.09 
27.75 27.32 -0.43 
19.70 19.53 -0.17 
24.00 23.49 -0.51 
18.15 18.35 +o. 20 
18.40 18.49 $0.09 
Mean error, - 0.026 
Relative error, -0.13 


Rifampin in Syrup 


Found 
Weighed . loo 


98.6 
99.0 
99.8 
99.6 
98.0 
98.4 
98.6 
98.4 
99.6 
98.1 


100.2 
101 .o 
102.2 
100.3 
99.6 
98.5 
99.1 
97.9 


101.1 
100.5 


acetate buffer solution (Solution A) and the other one with the 
oxidizing pH 4.63 acetate buffer solution containing 0.1% w/v 
NaNOz (Solution B). The absorbance of the solution diluted with 
Solution A is determined against the solution diluted with Solution B 
with a spectrophotometer at the appropriate wavelength. The 
amount of rifamycin is calculated from the measured absorbance. 


EXPERIMENTAL4 


Reagents and Solutions-Solution A-Acetate buffer at pH 4.63, 


Sol~itiori B-Solution A containing 0.1 % w/v of NaN02. 
All the reagents and solvents were pure grade (obtained from C. 


Erba). 
Procedures-Determination of Rifamycin B in the Fermentation 


Brotlz-Two 1-ml. portions of the broth in two 50-ml. volumetric 
flasks were made to volume, one with Solution A and the other with 
Solution B. The absorbance of the solution diluted with Solution A 
was determined at 425 mfi in a 1-cm. cell against the solution diluted 
with Solution B. The rifamycin B concentration in the fermentation 
broth was obtained by the formula: 


prepared according to Reference 9. 


A ~ B .  50,000 
21.5 rifamycin B fmcg./ml.) = 


4 A Beckman DU spectrophotometer was used in the determinations. 


- .  - 
broth is necessary. The precision and accuracy data are reported in 
Tables 111 and IV, respectively. 


Determination of Rifampin in Capsules-The capsules were 
opened; about 30 mg. ofthe powder, accurately weighed, was placed 
in a 20-ml. volumetric flask and made to volume with methanol. 
Two 1-ml. portions of this solution were treated and examined at 
473 mp, as described for rifamycin B. The content of rifampin was 
obtained by the formula: 


A413 ’ 100 
14.7 . p rifampin (w/w) = ___ 


where A4,a is the absorbance at 473 mp, 14.7 is the absorptivity of 
rifampin determined by this method, and p is the weight of the 
powder expressed in grams. 


Determination of Rifampin in Syrup-About 1.5 g. of syrup, ex- 
actly weighed, was placed in a 20-ml. volumetric flask and made to 
volume with methanol. Two I-ml. portions of this solution were 
treated and examined at 473 mp, as described for rifamycin B. The 
titer of rifampin was obtained by the formula: 


A173 . 100 
1 4 . 7 . ~  rifampin % (w/w) = ~ 


where the symbols have the same meaning reported in the preceding 
method. 


The precision and accuracy data of the rifampin determination 
are reported in Tables I11 and V, respectively. 


REFERENCES 


(1) P. Sensi, A. M. Greco, and R. Ballotta, “Antibiotics Annual 
1959-1960,” Medical Encyclopedia, Inc., New York, N. Y., 1960, 
p. 262. 


(2) N. Maggi, G. G. Gallo, and P. Sensi, Farmaco, Ed. Prai., 20, 
147(1965). 


(3) P. Sensi, R. Ballotta, A. M. Greco, and G. G. Gallo, Furmaco, 
Ed. Sci., 16, 165(1961). 


(4) N. Maggi, C. R. Pasqualucci, R. Ballotta, and P. Sensi, 
Chemorherapia, 11, 285(1966). 


( 5 )  G. G. Gallo, P. Sensi, and P. Radaelli, Farmaco, Ed. Prat., 
15, 283(1960). 


(6) G. G. Gallo. C. R. Pasaualucci, and P. Radaelli, ibid., 18, 
78(1963). 


ibid., 24, 46(1969). 
(7) C. R. Pasqualucci, A. Vigevani, P. Radaelli, and N. Maggi, 


(8) G.  Sferruzza and R. Rangone, ibid., 19,491(1964). 
(9) H. T. S. Britton, “Hydrogen Ions,’’ vol. I, Chapman and Hall 


Ltd., London, England, 1955, p. 357. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 8, 1969, from Laboratori Ricerche Lepetit 


Accepted for publication January 6, 1970. 
The authors are indebted to Dr. N. Maggi for helpful discussions. 
* Present address: Archifar S.p.A., 20146 Milano, Italy. 


S.p.A., 20158 Milano, Italy. 


Vol. 59, No. 5, May I970 0 687 








Micellar Solubilization of Barbiturates I: Solubilities of Certain 
Barbiturates in Polysorbates of Varying Hydrophobic Chain Length 


A. A. ISMAIL", M. WAFIK GOUDAt, and M. M. MOTAWI" 


Abstract 0 The effect of the hydrophobic chain length of the non- 
ionic surfactants, polysorbates, on the degree of solubilization of a 
series of 5,5-disubstituted barbituric acid derivatives was studied. 
The solubilities were'found to increase as the hydrophobic chain 
length increases. A pseudo two-phase model, according to which 
the drug molecule is partitioned between an aqueous phase and a 
micellar phase, was selected to determine the effect of the chemical 
structure of the solubilizate on the degree of solubilization. The 
number of carbon atoms of the substituents on the 5-position, as 
well as their inductive effects, was found to determine the extent of 
solubilization. 


Keyphrases 0 Barbiturates-solubilization 0 Micellar solubiliza- 
tion-5,5-disubstituted barbituric acid derivatives 0 Polysorbates, 
barbiturate solubilization-hydrophobic chain length effect 0 
UV spectrophotometry-analysis 


Molecules of materials classed as surface-active agents 
possess polar and nonpolar characteristics. They are able 
to remain in solution at higher concentrations by orient- 
ing themselves in aggregates known as micelles (1). 
Surface-active agents, at a concentration above the 
CMC, are widely used as a means of producing aqueous 
solutions of insoluble or poorly soluble drugs (2). This 
phenomenon is known as micellar solubilization. Non- 
ionic agents are by far the most popular in pharmaceuti- 
cal formulations. This is due mainly to  their low toxicity 
combined with their good solvent action. Although a 
wide range of nonionic surfactants are available, those 
most frequently employed are the polyoxyethylene 
sorbitan fatty acid esters and the polyoxyethylene mono- 
alkyl ethers. Numerous studies on the solubilities of 
various drugs in these nonionic surfactants were re- 
ported (2). 


The barbiturates are among the most frequently em- 
ployed hypnotic and sedative drugs. They are used both 
as the free acids and as salts (usually sodium or cal- 
cium). Because of the instabilities and incompatibilities 
of the salts, the free acids are recommended to  be used 
with other soluble drugs. These acids are slightly soluble 
in cold water. This limited solubility represents a 
problem in formulating aqueous preparations and 
elixirs (3). Polysorbate 80 was used to prepare aqueous 
solutions of phenobarbital (4). Gusiakov et al. found 
that the solubility of barbital increases in 2 solutions 
of polysorbates 20, 40, 60, and 801 (5). Kuttel(6,7) re- 
ported the solubilities of phenobarbital, barbital, and 
butabarbital in solutions of polysorbates 20, 60, and 80 
at room temperature (16-24"). None of these reports 
have presented quantitative information concerning the 
effect of the chemical structure of the solubilizer or 


solubilizate on the degree of solubilization. This paper 
deals with the study of the solubilization of certain 5 3 -  
substituted barbituric acids, which differ from one 
another only in carbon content of their substituents, in 
aqueous solutions of polysorbates of varying hydro- 
phobic chain lengths. The data presented might help in 
gaining some insight into the mechanism of solubiliza- 
tion of such semipolar pharmaceuticals. 


EXPERIMENTAL 


Materials-The following surfactants were used as received : 
polysorbate 20, polyoxyethylene 20 sorbitan monolaurate; poly- 
sorbate 40, polyoxyethylene 20 sorbitan monopalmitate; polysorbate 
60, polyoxyethylene 20 sorbitan monostearate; polysorbate 80. 
polyoxyethylene 20 sorbitan monooleate. 


The barbiturates used and their melting points2 were: pheno- 
barbital, 5-ethyl-Sphenylbarbituric acid, m.p. 173-174"; barbital, 
5,Sdiethylbarbituric acid, m.p. 185-187"; amobarbital, 5-ethyl-5- 
isoamylbarbituric acid, m.p. 153-155 "; diallylbarbituric, 5,5-diallyl- 
barbituric acid, m.p. 169-170'; cyclobarbital, 5-( l-cyclohexenyl)-5- 
ethylbarbituric acid, m.p. 170-171 "; butethal, 5-ethyl-5-butyl- 
barbituric acid, m.p. 120-122"; secobarbital, 5-allyl-5-(1-methyl- 
buty1)barbituric acid, m.p. 89-91 '. 


Assay Procedure-All barbiturates were assayed by the dif- 
ferential UV spectrophotometric procedure of Walker el af. (8) 
using a Unicam SP 500 spectrophotometer. The presence of sur- 
factants did not interfere with this method. 


Solubility Determinations-Excess quantities of the solid barbit- 
urate were placed in 50-ml. rubber-stoppered bottles together with 
varying concentrations of 25-ml. solutions of the polysorbates in 
0.003 N sulfuric acid. The weakly acidic solution was employed as 
the solvent to suppress any dissociation of the barbituric acid 
derivatives. The bottles were rotated in a constant temperature 
water bath at 30 f 0.2" for 24 hr. This time was found to be suffi- 
cient for equilibrium to be attained. After equilibrium, aliquot por- 
tions of the supernatant liquid were removed and assayed for their 
barbiturate contents. 


RESULTS AND DISCUSSION 


Solubilization of the Barbiturates-The solubility curves for 
the barbituric acid derivatives are shown in Figs. 1-7. The curves 
show the effect of concentrations of polysorbates, well beyond the 
reported CMC (9-ll), on the apparent solubilities of the drugs. All 
barbiturates studied showed increased solubilities in the presence of 
the polysorbates. This increase in solubility is looked upon here as 
due to true or micellar solubilization. Other workers (12-14) have 
found increased solubilities of similar semipolar drugs in solu- 
tions of various nonionic surfactants due to the same phenomenon. 
The apparent solubility increased linearly with the concentration of 
the surfactant as would be expected of micellar solubilization of such 
polar solubilizates(l1, 12, 15,16,18). 


Effect of Hydrophobic Chain of Solubilizer-In comparing the 
solubilizing power of different homologs of solubilizers, the ratio of 
moles of so1ubilizate:moles of micelles is the sensible criterion for 
comparison (17). This comparison involves the assumption that all 
the surfactant in excess of the CMC is in the form of micelles and 


1 Marketed as Tween 20, 40, 60, and 80 by Atlas Chemical Industries, 
Inc., Wilmington, Del. 
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2 Uncorrected melting points determined with a Thomas-Hoover 
Unimelt. 







that the number of units in the micelle remains constant. Although 
this is an approximation, it still has practical merit (17). Polysorbates 
20,40,60, and 80 have the same hydrophilic portion in their molecule 
but differ in the length of the carbon atom chain of their lipophilic 
portion. The solubilizing capacity of the different polysorbates could 
be compared by calculating the slopes of the solubilization iso- 
therms beyond the CMC. These slopes were calculated using the 
method of least squares. Table I shows the solubilizing capacities ex- 
pressed as milligram drug per gram polysorbate and as mole drug 
per mole micellar solubilizer. The weight of each barbiturate solu- 
bilized per gram of polysorbate has its practical usefulness. The 
molar concentrations of polysorbates were calculated from the fol- 
lowing molecular weights: polysorbate 20, 1226; polysorbate 40, 
1282; polysorbate 60,1310; polysorbate 80,1308. Since polysorbates 
are heterogeneous, the significance of the molar values has its 
limitation. 


On examining the slopes of the isotherms expressed on molar ba- 
sis, it is found that all barbiturates showed a slight but gradual in- 
crease in solubility as the hydrophobic chain length of the solubilizer 
is increased. This increase in solubility is considered to be due to 
increase in the volume of the hydrocarbon in the micelle interior. In 
an idealized picture of spherical micelles the alkyl portions may be 
visualized as being directed inward. An increase in their length 
would result in micelles of larger size, and larger micelles will ac- 
commodate more solubilizate (16). Similar results were obtained by 
other workers when examining the solubilities of other semipolar 
pharmaceuticals (11, 14). 


Effect of Chemical Structure of Solubilizate-In order to compare 
the effect of the chemical structure of the solubilizate on the degree 
of solubilization, a pseudo two-phase model was selected. According 
to this model, the solubilizate molecule is partitioned between an 
aqueous phase and a micellar phase. McBain and Hutchinson (17) 
suggested that a truer view is seen if solubilization is regarded as a 
partition between the micelle and water. The formation of hydro- 
carbon regions in micelles is a good jusification for treating the 
micelles as a separate phase. The partition coefficient K, associated 
with this process, was determined according to the following equa- 
tion: 


where [DM] and [DNM] are the concentrations of drug, expressed as 
moles per moles, in the micellar and nonmicellar phases, respec- 
tively. The slopes of the solubilization isotherms expressed on molar 
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Figure 1-Solubility of barbital in polysorbate solutions at  30". 
Key: W, solubility in water; 8-, polysorbate 20; 0-, polysorbate 
40; 0- - -, polysorbate 60; A--, polysorbate 80. 


0 1 2 3 4 5 6 7 8 9 1 0  
POLYSORBATE, % w/w 


Figure 2-Solubility of diallylbarbituric acid in polysorbate solu- 
tions at 30". Key: W, solubility in water; 8--, polysorbate 20; 0- 
polysorbate 40; 0- - -;polysorbate 60; A-,polysorbate 80. 


basis will give the values for [ D M ] .  The number of moles of drug 
solubilized per mole of acidified water at 30" will give the values for 
[ D N M ] .  Table I1 lists the values of K for the various barbiturates in the 
different polysorbates studied. In a series of compounds such as the 
$5-substituted barbituric acids, which differ from one another only 
in carbon content of their substituents, the distribution coefficient 
would be expected to change with the alteration of the lipophilic 
character of the substituents as well as the influence these groups 
exert on the rest of the molecule. This influence will be mainly in the 
form of polar or inductive effects (19). The partition coefficients of 
the barbiturates between the micellar pseudophase and the aqueous 
phase in decreasing order are: secobarbital > amobarbital > 
phenobarbital > cyclobarbital > butethal > diallylbarbituric acid > 
barbital. As seen, the value of K increased with increasing the 
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0 1 2 3 4 5 6 7 8 9 1 0  
POLYSORBATE, % w/w 


Figure 3-Solubility of butethal in polysorbate solutions at 30". 
Key: M, solubility in water; 0-, polysorbate 20; A-, polysor- 
bate 80. 
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Figure 4-Solubility of cyclobarbital in polysorbate solutons at 30". 
Key: W, solubiliy in water; 9-,polysorbate 20; O-,polysorbate 40; 
0- - -,polysorbate 60; A-,polysorbate 80. 


number of carbon atoms in the substituents on the 5-position. These 
results compare favorably with the distribution coefficients of the 
same compounds between 1-octanol and water as determined by 
Hansch and Anderson (20). In their report the values of the distribu- 
tion coefficients of the barbiturates between 1-octanol and water 
were in the following order: secobarbital > amobarbital > butethal 
> phenobarbital > cyclobarbital > diallylbarbituric acid > barbi- 
tal. In comparing their results to the degree of solubilization of the 
barbiturates, as expressed by K ,  theauthors found that phenobarbital 
and cyclobarbital show a higher degree of solubilization than what 
would be expected from their distribution between 1-octanol and 
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Figure 5-Solubility of phenobarbital in polysorbate solutions at 
30". Key: w, solubility in water; 8-, polysorbate 20; 0-, 
polysorbaie 40; 0- - -, polysorbafe 60; A--, polysorbate 80. 


Table I-Solubilizing Capacity of Polysorbates for the 
Barbiturates at 30" 


---Solubility-- 
mole 
Drug/ 
mole 


mg. Drug/ Sur- 
g. Sur- factant 


Drug Surfactant factant X lo2 


Barbital 


Diallylbarbituric 
acid 


Butethal 


Cyclobarbital 


Phenobarbital 


Amobarbital 


Secobarbital 


Polysorbate 20 
Polysorbate 40 
Polysorbate 60 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40 
Polysorbate 60 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40a 
Polysorbate 60a 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40 
Polysorbate 60 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40 
Polysorbate 60 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40 
Polysorbate 6W 
Polysorbate 80 
Polysorbate 20 
Polysorbate 4OQ 
Polysorbate 6 0 ~  
Polysorbate 80 


30.0 19.9 
33.0 23.0 
35.3 25.1 
35.0 24.6 
24.0 14.4 
27.0 16.4 
28.0 17.3 
28.0 17.4 


100.0 57.5 
- - 


115.0 71.1 
52.4 27.2 
58.0 31.6 
61 . O  33.8 
61 . O  34.0 
5 5 . 1  29.1 
61 .O 33.7 
63.0 35.5 
66.0 37.2 
32.0 17.2 
38 .O 21.7 


40.0 22.9 
111.0 57.0 


- - 


- - 
- - 


144.0 78.8 


Q Limited supply of the drug necessitated the use of a lesser number of 
surfactants. 


water. As a result, phenobarbital and cyclobarbital showed higher K 
values than butethal which is reported to have a higher distribution 
coefficient. The increase in the extent of solubilization of these two 
barbiturates is attributed to the polar effect the phenyl and cyclo- 
hexenyl group exert on the hydrophilic portion of the barbiturate 
molecule. This polar effect will act in such a way as to increase the 
interaction between the hydrophilic portion of the barbiturate mole- 
cule and the hydrophilic portion of the polysorbate molecule. Such 
interaction may enhance the solubilization process. Further evidence 
for the effect of the phenyl group in enhancing the extent of interac- 
tion of the hydrophilic portion of the barbiturate molecule was ob- 
tained when theauthorscarried out an investigation of thesolubilities 
of the same barbiturates in solutions of polyoxyethylene stearates of 
varying hydrophilic portion in their molecule. Phenobarbital was the 
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Figure 6-Solubility of amobarbital in polysorbate solutions at 30'. 
Key: S, solubility in water: c, polysorbate 20; ct-, polysorbate 
40; A-> polysorbate 80. 
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Table 11-Partition Coefficients for 5,s-Substituted Barbituric Acids Between the Micellar and Nonmicellar Phase at 30" 


Partition 
Coefficient, 


Drug Rl R2 Surfactant XI x 10-2 


Barbital CZH5 GH5 Polysorbate 20 2.56 
Polysorbate 40 2.91 
Polysorbate 60 3.17 
Polysorbate 80 3.11 


Polysorbate 60 10.48 
Polysorbate 80 10.55 


Butethal GH5 n-CdH9 Polysorbate 20 16.43 
Polysorbate 40a 


Diallylbarbituric CH-CH-CHz CHFCH-CH, Polysorbate 20 8.73 
Polysorbate 40 9 . 9 4  


- 


Cyclobarbital CzHj 


Phenobarbital CzHs 


Amobarbital GHs 


Secobarbital 


Polysorbate 60a - 


Polysorbate 80 20.31 
1-cyclohexenyl Polysorbate 20 19.29 


Polysorbate 40 22.41 
Polysorbate 60 23.97 
Polysorbate 80 24.11 


C6H5 Polysorbate 20 27.20 
Polysorbate 40 31 S O  
Polysorbate 60 33.18 


iso-CSHII Polysorbate 20 31.79 
Polysorbate 80 34.77 


Polysorbate 40 4 0 . 1 1  
Polysorbate 60" 
Polysorbate 80 
Polysorbate 20 
Polysorbate 40a 
Polysorbate 60a 
Polysorbate 80 


- 
42.33 
46.42 
- 
- 


64.07 


Limited supply of the drug necessitated the use of a lesser number of SUI 


only barbiturate to form an insoluble precipitate complex indicative 
of a greater extent of interaction. The results of this investigation will 
be the subject of a future communication. 


Solubilmtion Type-Micellar solubilization was broadly classi- 
fied into three types (16): first, adsorption on the surface of the 
micelle; second, incorporation in the hydrocarbon center of the 
micelle, a form of solution; and third, incorporation by penetration 
into the palisade layer of the micelle with the solubilizate oriented in 
approximately the same manner as is the surfactant molecule in the 
micelle. Mulley ( I )  suggests that solubilization even of polar mate- 
rials in nonionic surfactants is probably due mainly to a solution 
process within the micelles rather than due to specific factors such as 
complex formation or adsorption on the surface of the micelles. He 


6 I 


1 


I I I I I I I I I  


0 1 2 3 4 5 6 7 8 9  
POLYSORBATE, % W/V 


Figure 7-Solubility of secobarbital in polysorbate solutions at 30". 
Key: D, solubility in wafer; 0-, polysorbate 20; A-, polysorbate 
80. 


.factants. 


states that other factors obviously play a part but a solution process 
still predominates. The results obtained in this work support the 
assumption that the solubilization of the semipolar molecules, the 
barbiturates, in polysorbate solutions is essentially a micellar solu- 
bilization. 


The order of the partition coefficient K ,  calculated from the solu- 
bility data of the various barbiturates studied, lends support to the 
suggestion of Mulley and leads the authors to believe that here also 
the type of solubilization is mainly a solution within the micelles 
together with some other factors playing a minor role. In the case of 
the barbiturates these factors are probably interactions between 
the hydrophilic portion of the solubilizer and that of the solubilizate. 


SUMMARY 


1. All barbiturates studied showed increased solubilities in the 
presence of the nonionic surfactants, polysorbates. 


2. The amount of barbiturate solubilized was a linear function of 
the concentration of the polysorbates, characteristic of micellar 
solubilization of semipolar molecules. 


3. The degree of solubilization increased with increase of the 
hydrophobic chain length of the solubilizer due to formation of 
larger micelles. 


4. The increase in the number of carbon atoms in the substituents 
on the 5-position of the barbituric acid molecule, together with the 
polar or inductive effects of such substituents, determined the extent 
of solubilization. 


5. The order of solubilization of the drugs compared favorably 
with the order of their distribution coefficients between 1-octanol 
and water. 


6. Phenobarbital and cyclobarbital showed a greater extent of 
solubilization due to the inductive effect of the phenyl and cyclo- 
hexenyl groups resulting in a greater interaction between the hydro- 
philic portion of the solubilizer and that of the solubilizate. 


7. The mechanism of solubilization is thought to be mainly a 
solution within the micelles together with other factors playing a role 
in the solubilization. 
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Improved Thin-layer Chromatographic Identification of 
Tetracyclines and Their Degradation Products: Application 
to an Epimerization Study 


N. D. GYANCHANDANI*, I. J. McGILVERAY, and D. W. HUGHES 


Abstract 0 An improved thin-layer chromatographic method for 
the identification of pharmaceutically important tetracyclines and 
their degradation products is presented. A process is used which 
conditions the plates with optimum moisture content so that they 
may be stored without special precautions for as long as 4 weeks 
before use. Two solvent systems and four spray reagents for the 
separation and detection of tetracyclines and their degradation 
products are also presented. Tetracycline hydrochloride and 
chlortetracycline hydrochloride were allowed to  epimerize in 
phosphate and acetate solutions, respectively. With the aid of UV 
spectroscopy and TLC analysis, it is demonstrated that epimerization 
is accompanied by extensive degradation. 


Keyphrases 0 Tetracyclines, degradation products-identification 
0 Epimerization, tetracyclines-reaction products separation, 
identification TLC-separation, identification 0 UV light- 
TLC spot visualization 


Thin-layer chromatography (TLC) has been used by 
a number of workers to  separate and characterize 
certain tetracyclines of pharmaceutical importance 
(Table I) using adsorbent layers of silica gel (1, 2), 
kieselguhr (3-5), and microcrystalline cellulose (6) .  Dif- 
ficulties encountered in these separations have been 
attributed to  the property of tetracyclines to  form 
chelate complexes with metallic ions and to  lack of 
moisture in the support. Hence, sequestering agents 
(1-5) and glycerin (7) or mixtures of glycerin with 
polyethylene glycol 400 (PEG 400) (4) have been added 
to the support. 


Of the various methods reported, two (3, 4) are most 
useful since they can resolve two or more tetracyclines 
in a single system on one chromatogram. Of these, the 
one employing the coating of kieselguhr containing 


EDTA and a developing solvent consisting of methyl 
ethyl ketone saturated with McIlvaine’s buffer (pH 4.7) 
(3) was especially good for the separation of various 
degradation products of the tetracyclines. The other 
method (4), which employs acid-washed diatomaceous 
earth impregnated with EDTA at  pH 7.0 and a glycer- 
in-PEG 400 mixture, and which uses ethyl acetate as 
the developing solvent, was found satisfactory for the 
resolution of tetracyclines, though often it was necessary 
to  chromatograph two to four times. In both cases, 
however, problems in their application were encoun- 
tered. The most serious difficulty with the former 
method (3) was the frequent and erratic splitting and 
streaking of the tetracycline spots. The latter method (4) 
involves rigid adherance to a lengthy procedure in which 
the diatomaceous earth is repeatedly washed to remove 
binder and other acid-soluble materials. This was found 
not to be reproducible without considerable experience. 
Furthermore, the plates must be freshly prepared and 
used immediately. The method is, therefore, particularly 
inappropriate in situations where a large number of 
chromatograms must be run in a short time. 


The tetracyclines have most commonly been detected 
on chromatograms by their fluorescence under long- 
wave UV light, either with or without exposure of the 
chromatograms to  ammonia vapor (I ,  3-5, 8). A few 
chromogenic spray reagents were described in the earlier 
literature (1) but have been largely abandoned in recent 
publications. 


This communication describes a simple, rapid, and 
reproducible method for the separation of six tetra- 
cyclines presently marketed in numerous dosage forms. 


224 0 Journal of Pharmaceutical Sciences 








Journal of 
Pharmaceutical 
Sciences A publication of the American PJinrmuceutical Associalion 


INDEX TO AUTHORS 
INDEX TO SUBJECTS 


VOLUME 59 
JANUARY TO DECEMBER, 1970 


Published monthly under the supervision of the 
Committee on Publications with the approcal of the Board of Trustees 


EDWARD G. FELDMANN 
Editor 


MARY HUDSON FERGUSON 
Associate Editor 


SHELLY E L L I O ~  
Production Editor 


L. LUAN CORRIGAN 
Contributing Editor 


SAMUEL W. GOLDSTEIN 
Contributing Editor 


LINDA A. LAFONTAINE 
Contributing Editor 


COMMITTEE ON PUBLICATIONS EDITORIAL ADVISORY BOARD 


ROBERT C. JOHNSON 


WULIAM S. APPLE 
GROVER C. BOWLES, JR. 
CLIFTON J. LATIOLAIS 
JOHN H. NEUMANN 


Chairman 
JACK COOPER 
EDWARD R. GARRETT 
GERHARD LEVY 
W. LEWIS NOBLES 
G. VICTOR Ross1 
GORDON H. SVOBODA 








TECHNICAL ARTICLES 


Determination of Tablet Strength by the 
Diametral-Compression Test 


J. T. FELL* and J. M. NEWTONt 


Abstract 0 The strength of lactose tablets has been measured by 
application of the diametral-compression test. The relative value of 
tensile, compressive, and shear stresses within the tablet varies, de- 
pending on the characteristics of the tablets and the surface pro- 
viding the applied compression. It has been shown that to obtain 
reproducible results for the strength of tablets prepared at a given 
compression force, the tablet must break in such a manner that the 
tensile stress is the major stress. For a given tablet, this may re- 
quire the placing of suitable padding material between the tablet 
and the compressing surfaces. Assessment of the type of failure 
can be made visually and under the correct conditions, the results 
expressed as a tensile strength. There are, however, a range of 
conditions which ensure tensile failure resulting in different values 
for the tensile strength. These values are characteristic of the tablet 
and test conditions and are not absolute values of tensile strength. 


Keyphrases !J Tablet strength determination-diametral-com- 
pression test !J Tensile strength, tablets-measurements Com- 
pression effect-tablet fracture 0 Fracture mode, tablets-testing 


The authors have previously described the use of the 
diametral-compression test to  assess the tensile strength 
of lactose tablets (I). This test is carried out by a pro- 
cedure similar to  that often used to assess the crushing 
strength of tablets, i.e., diametral compression between 
two flat platens. The determination of a tensile strength, 
as opposed to a crushing strength, from this procedure 
depends upon the correct state of stress developing 
within a specimen of known shape and dimensions. 
Consider the stress distribution within a tablet, which 
is in the form of a cylinder, placed between the platens 
of a loading system. Under conditions of ideal line 
loading, the values of tensile cl, compressive uz, and 
shear stress T can be calculated by elastic theory (2) 
and are illustrated in Fig. 1. The value for the maximum 
tensile stress co is constant over the whole of the load 
diameter and has a magnitude: 


where 


P = applied load 
D = tablet diameter 
t = tablet thickness 


The values for the compressive and shear stresses are a 
minimum at the center of the load diameter and infinitely 
high immediately under the load points (Fig. 1). These 
high values for shear and compressive stresses will 
prevent the initiation of failure in tension. In practice, 
ideal line loading will never occur, the load will be 
distributed over an actual contact area. The stress 
distribution across the load diameter, when the contact 


P 


P 


(a) (bl 


Figure 1-Stress distribution across loaded diameter for a cylinder 
between two-line loads-ideul line loading (3).  Key: (a) Loading sys- 
tem: A +- B = points of loading; u1 = tensile stress; u2 = com- 
pressive stress; r = shear stress. (b) Relative magnitude of tensile 
U I ~  compressive uz, and shear r stresses compared with maximum 
tensile stress u a .  Curve i = U,/UO; Curue ii = r/ua; Curve iii = uz/ua. 
P = applied load. 


width is of the specimen diameter and uniform con- 
tact pressure is applied, calculated from elastic theory 
(2), is shown in Fig. 2. The tensile stress is constant over 
most of the load diameter, except for the regions near 
the loading area, but the shear and compressive stresses 
have been considerably reduced in this area. Thus, it is 
possible to have failure of the specimen initiated in 
tension, and the tensile strength can be calculated from 
Eq. 1. In practical terms, therefore, to  obtain tensile 
failure of constant magnitude, the conditions of the 
test must ensure that a maximum length of the load 
diameter is under constant tensile stress, associated 
with minimum values for shear and compressive 
stresses, below the loading area. 


The mechanical properties of the specimen and load 
platens determine the stress distribution within the 
specimen (3). In the case of pharmaceutical tablets com- 
pressed between metal platens, tablets are often soft 
compared with the platens. Hence, there will be a spread- 
ing of the load at the contact points due to  flattening of 
the tablet, preventing line loading and reducing shear 
and compressive stresses. Under these conditions, failure 
will occur in tension and the results should be repro- 
ducible, providing that distribution of the load is not 
so great that the stresses within the central portion of the 
tablet are affected. When, however, tablets have a high 
elastic modulus, the conditions of ideal line loading are 
approached, and failure may be initiated by shear or 
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Figure 2-Stress distribution across loaded diameter for a cylinder 
compressed between plates to give a constant width of '/lo of the di- 
ameter, with uniform contact pressure (3). Key: (a) Loading system: 
A + B = loading area: u1 = tensile stress: us = compressive stress; 
r = shear stress. (b) Relative magnitude of tensile ul, compressive u2, 


and shear r stresses compared with the maximum tensile stress 00. 


Curve i = ul/ua; Curve ii = T / u ~ :  Cume iii = C T ~ / U ~ .  P = appliedload. 


compression. To obtain the correct conditions for 
tensile failure of such specimens, a narrow pad of a 
soft material is placed between platens and the specimen 
(3-6). The pad should be soft enough to allow distribu- 
tion of the load over a reasonable area, minimizing 
shear and compressive stresses but not so soft that the 
distribution of load is excessive. Various suggestions 
have been made for the type and dimension of padding 
(4-6). Rudnick et al. (3) consider that the choice is 
best made from experimental observation, the type of 
failure being recognizable by examination of the speci- 
men after testing. The three types of failure listed by 
these workers (3) are: compression and/or shear failure- 
here the specimen fractures in an irregular manner re- 
sulting in several irregular fragments; normal tensile 
failure-here the specimen splits into two halves along 
the loaded diameter; and triple cleft failure-the speci- 
men splits symmetrically about the loaded diameter into 
four pieces. The tongue and groove shape of the outer 
surface and a clean central fracture are characteristics 
of the last method of failure. Rudnick et al. (3) con- 
sider this type to be a variation of the normal tensile 
fracture due to experimental conditions, and data from 
such systems can be used to calculate tensile strength. 
These three types of failure are illustrated by the photo- 
graphs of tablets subjected to diametral compression 
(Fig. 3). 


The applications of these principles to the determina- 
tion of the strength of tablets prepared from lactose are 
reported in this paper. 


Figure 3-Fractured tablets afier diametral compression. ( A )  Normal 
tensile failure-obtained with crystalline lactose and spray-dried 
lactose A. (B)  Shear and compressive failure-obtained with spray- 
dried lactose samples B, C,  and D. (C)  Tensile failure of spray-dried 
lactose samples B, C,  and D using padding material. 


and D, which were produced under known conditions using an 
experimental spray drier. 


Methods-Compression of Tablets-Tablets of the different 
samples of lactose were prepared on an Instron physical testing 
instrument, floor model, modified to take a conventional tablet 
punch and die system I1.27-cm. (0.5-in.) diameter flat-faced punches] 
(Fig. 4). The powder samples (0.5 g.) were dried at 90" for 15 hr. 


A i 


EXPERIMENTAL Figure 4-Schematic illustration of modification to enable tablets 
to be prepared on Instron physical testing instrument. Key: A = 
crosshead of Insrron physical testing instrument: B = upper punch 
holder: C = upper punch [1.27-cm. (0.5-in.) diameter flat face]; 
D = die: E = lower punch [1.27-cm. (0.5-in.) diameter flat face]; 
F = die support table; G = load cell: H = lower table of Instron 
physical testing instrument. 


Materials-The samples o f  lactose used were: (a)  a < 32-p size 
fraction from a single batch of crystalline lactose (British Drug 
House laboratory reagent grade), (b)  spray-dried lactose A, a < 
32-p size fraction from a single batch of spray-dried lactose 
(McKesson Robbins), and (c) spray-dried lactose, Samples B, C, 
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Table I-Breaking Loads of Lactose Tablets Prepared at Different Applied Loads 


E, 
2 
Y 


40 i c 
0 
Z 
W 


c 
v) 


a 


y 20 
E 
- 
v) 


I- 


7- Without Padding---- ----- With Padding ----- 
Load Mean Mean 
AP- Bfeak- No. of Break- No. of 
plied Ing Tab- ing Tab- 


to Load lets Load lets 
Form of Break- of Break- 


Type Tab- Tab- ing Tab- 1ng 
of let, let, Variance, in Ten- let, Variance, in Ten- Variance. 


Lactose kg. kg. Vl sion kg. vz sion Ratio 


- 


- 


Spray-dried 
lactose A 


Spray-dried 
lactose B 


Crystalline 500 
1000 
2000 
3000 
4000 


500 
lo00 
2000 


3000 
4Ooo 


500 
loo0 
2000 


3000 


4Ooo 


Spray-dried 
lactose C 


Spray-dried 
lactose D 


500 
lo00 
2000 


3000 


4000 


500 
1000 
2000 


3000 
4Ooo 


1.1 
2 . 9  
6.0 
9.7 


13.1 
2.0 
4 .3  
8.5 


13.1 
17.3 
6.0 


16.3 
28.5 


31.4 


23.7 


5.3 
17.0 
28.8 


33.7 


31.1 


5.1 
15.9 
25.1 


37.6 
37.3 


0.003 
0.012 
0.081 
0.370 
0.530 
0.005 
0.030 
0.040 


0.510 
0.400 
0.175 
4.200 


45.500 


94.200 


59.000 


0.150 
5.700 


20.050 


47.100 


81.600 


0.197 
1.653 


43.800 


1 ,270 
21.240 


5 
5 
5 
5 
5 
5 
5 
5 


5 
5 
5 
5 
0 


1 


2 


5 
5 
1 


0 


0 


5 
4 
1 


3 
0 


1.9 
5.0 


12.0 
18.9 
27.6 
2.7 
6 . 7  


14.8 


22.3 
33.1 
2.9 


12.6 
35.9 


41.7 


46.1 


6 .5  
22.6 
41.7 


53.3 


62.8 


4 . 9  
17.3 
25.7 


35.2 
49.1 


0.010 
0.060 
0.440 
1.770 
0.790 
0.011 
0.050 
0.970 


1.900 
0.640 
0.150 
1 .Ooo 
0.450 


3.680 


7.600 


0.125 
1 .000 
1.150 


4.170 


3.440 


0.125 
0.740 
0.750 


6.400 
1.570 


5 
5 
5 
5 
5 
5 
5 
5 


5 
5 
5 
5 
5 


5 


5 


5 
5 
5 


5 


5 


5 
5 
5 


5 
5 


3.33 
5.00 
5.45 
4.78 
1.49 
2.20 
1.66 


24.25 


3.73 
1.60 
1.17 
4.20 


101.11 


__ 


25.60 


7.76 


1.20 
5.70 


17.43 


11.29 


23.72 


1.58 
2.23 


58.40 


5.04 
13.53 


a The variance ratios are expressed as the ratio of the largcst to smallest variance according to normal statistical convention (“Statistical Analysis in 
Chemistry and Chemical Industry,” by C. A. Bennett and N. C. Franklin, John Wiley, New York, N. Y., 1954, p.  109). A significant difference, a t  
0.05 level, in the variance ratio is indicated by underlining the value. 


and then stored in a desiccator over silica gel until required. The 
samples were quickly transferred to the die, previously painted with 
a 1 suspension of magnesium stearate in carbon tetrachloride, and 
compressed at a crosshead speed of 0.1 cm./min. When the required 


6o t 0, 
, 


0 1000 2000 3000 4000 
COMPACTION LOAD, kg. 


Figure 5-The tensile strength of tablets of crystalline and spray- 
dried lactose A ,  prepared at known compression forces, when tested 
in the absence and presence of padding material. Key: X , crystalline 
lactose; 0, spray-dried lactose A ;  - - -, in the presence of padding 
material; and-, in the absence of padding material. 


load level had been reached, the crosshead was reversed at the 
same speed. The tablets were carefully removed from the die, 
weighed, their diameter and thickness measured using a microm- 
eter, and stored in a desiccator over silica gel until required. 
Tablets at a range of compression loads were produced. 


Strength of Tablets-The tensile strength of the tablets was 
measured by the application of the diametral-compression test 
described previously (1). This test consisted of compressing tablets 
diametrically between the platens of an Instron physical testing 
instrument at the rate of 0.1 cm./min. Tablets prepared from 
crystalline lactose and spray-dried lactose A fractured in tension 
between the steel platens of the Instron physical testing instrument 
(Fig. 3A). Tablets prepared at loads above 500 kg. from spray-dried 
lactose B, C ,  and D, however, fractured as described by Rudnick 
et al. (3) as compression or shear failure (Fig. 3B). To ensure 
that these tablets fractured in tension, various padding materials, 
e.g., various thickness of paper, cardboard, and blotting paper, 
were placed between the tablet and the steel platens and the mode of 
fracture observed. Of the materials tested, it was found that three 
sheets of blotting paper, each 0.03 cm. thick, produced the condi- 
tions which resulted in tensile failure of the specimens. The breaking 
load of five tablets of each sample of lactose was determined with 
and without the addition of padding material. 


RESULTS AND DISCUSSION 


The assessment of the strength of tablets is an important aspect 
of the control of pharmaceutical tablets and investigations into the 
process of compaction. Various techniques have been used i.nclud- 
ing fracture resistance (7), bending strength (8), tensile strength (9), 
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and crushing strength (10). Of these tests, the crushing strength is 
extensively used and most commercial instruments are designed 
to be used for this particular assessment. Brook and Marshall (11) 
have recently investigated the variability of such instruments, which 
record in different ways the load at which the tablet breaks when 
compressed by some means between two metal surfaces. The dis- 
tribution of forces within the tablet and the related mode of frac- 
ture when tablets are tested by this procedure have not, however, 
been taken into account. In many cases, fracture can occur by 
tensile failure, resulting from correct stress conditions in the tablet. 
Here, variation in strength values will be due to tablet and testing 
instrument variation. In other cases, however, conditions of tensile 
failure will not apply, resulting in an additional variable of un- 
certain magnitude. The importance of considering the mode of 
fracture can be seen from the introductory remarks on the distribu- 
tion of forces within the test specimen. When tablets do not break 
in tension in a diametral-compression test, variation in the breaking 
load can occur, caused by variations in the relative shear, compres- 
sion, and tension forces involved. This effect is illustrated in Table I 
where the mean values of the breaking load of compacts when sub- 
jected to the diametral-compression test are recorded. Also given 
are the variance and variance ratio of the results when the tablets 
are tested with and without the presence of padding between the 
platens and the tablet. The important feature of the results is that 
when failure of the tablets occurs in tension, irrespective of the 
test conditions, there is always a low variance of the value of the 
load at which the tablet breaks (Table I). There is usually no 
significant difference, at the 5 %  level, between the variance of the 
breaking load with and without padding. When tablets do not break 
in tension (spray-dried lactose B, C, and D), there is a high variance 
of the breaking load and a significant difference in the variance of 
the breaking with and without padding (Table I). Only when the 
tablets break in tension is it possible to apply Eq. 1 and express 
the results for tablet strength as tensile strength. 


Introduction of too soft a padding can, in fact, have the opposite 
effect to that just noted. Rudnick et at. (3) predicted from 
statistical theory that the amount of material subjected to a maxi- 
mum tensile stress is greater when a hard rather than a soft con- 
tact surface is used. This would result in a lower strength and 
variance when a hard contact surface is used. This prediction was 
confirmed experimentally by Addinall and Hackett (12) in a de- 
tailed study of the effect of different packing pieces on the tensile 
strength of autoclaved plaster. The results in Fig. 5, which show the 
tensile strength calculated from Eq. 1 ,  confirm these findings. The 
tensile strength of compacts prepared from crystalline lactose and 
spray-dried lactose A increased when padding was introduced. 
There is also a slightly greater variance of the breaking load when 
padding is present. In the presence or absence of padding, all 
tablets of these two materials fractured in tension. This raises the 
question as to which of the values represents the tensile strength of 
the tablet. Rudnick et a/ .  (3) consider that there is no such 
value as a true tensile strength, but values obtained under any con- 
ditions are true values for those conditions. If it is required to com- 
pare the tensile strength of tablets, the conditions of the test must 
be the same, and tensile failure must be assured in all cases. Thus, to 
compare tablets prepared from spray-dried lactose B, C, and D with 


crystalline and spray-dried lactose A, the results in which a padding 
was used must be considered. For comparisons between tablets of 
crystalline and spray-dried lactose A, the values without padding are 
preferable. 


A further consideration in the choice of test conditions is the 
actual strength of the tablets.Thus, tablets produced at low-compres- 
sion forces, producing weaker tablets, often failed in tension with- 
out the need for padding. Therefore, if the tablets have a low tensile 
strength, it is unlikely that padding will be required. 


CONCLUSIONS 


The authors consider that the results indicate that it should be 
possible to choose test conditions, ensuring their validity by simple 
observation of the mode of fracture, which will improve the re- 
producibility of the assessment of the strength of tablets and enable 
meaningful comparisons to be made between the strength of tablets 
of different materials. For routine evaluation the results need not be 
expressed in terms of tensile strength, the breaking load under condi- 
tions of tensile failure being satisfactory. 
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Improved Thin-layer Chromatographic Identification of 
Tetracyclines and Their Degradation Products: Application 
to an Epimerization Study 


N. D. GYANCHANDANI*, I. J. McGILVERAY, and D. W. HUGHES 


Abstract 0 An improved thin-layer chromatographic method for 
the identification of pharmaceutically important tetracyclines and 
their degradation products is presented. A process is used which 
conditions the plates with optimum moisture content so that they 
may be stored without special precautions for as long as 4 weeks 
before use. Two solvent systems and four spray reagents for the 
separation and detection of tetracyclines and their degradation 
products are also presented. Tetracycline hydrochloride and 
chlortetracycline hydrochloride were allowed to  epimerize in 
phosphate and acetate solutions, respectively. With the aid of UV 
spectroscopy and TLC analysis, it is demonstrated that epimerization 
is accompanied by extensive degradation. 


Keyphrases 0 Tetracyclines, degradation products-identification 
0 Epimerization, tetracyclines-reaction products separation, 
identification TLC-separation, identification 0 UV light- 
TLC spot visualization 


Thin-layer chromatography (TLC) has been used by 
a number of workers to  separate and characterize 
certain tetracyclines of pharmaceutical importance 
(Table I) using adsorbent layers of silica gel (1, 2), 
kieselguhr (3-5), and microcrystalline cellulose (6) .  Dif- 
ficulties encountered in these separations have been 
attributed to  the property of tetracyclines to  form 
chelate complexes with metallic ions and to  lack of 
moisture in the support. Hence, sequestering agents 
(1-5) and glycerin (7) or mixtures of glycerin with 
polyethylene glycol 400 (PEG 400) (4) have been added 
to the support. 


Of the various methods reported, two (3, 4) are most 
useful since they can resolve two or more tetracyclines 
in a single system on one chromatogram. Of these, the 
one employing the coating of kieselguhr containing 


EDTA and a developing solvent consisting of methyl 
ethyl ketone saturated with McIlvaine’s buffer (pH 4.7) 
(3) was especially good for the separation of various 
degradation products of the tetracyclines. The other 
method (4), which employs acid-washed diatomaceous 
earth impregnated with EDTA at  pH 7.0 and a glycer- 
in-PEG 400 mixture, and which uses ethyl acetate as 
the developing solvent, was found satisfactory for the 
resolution of tetracyclines, though often it was necessary 
to  chromatograph two to four times. In both cases, 
however, problems in their application were encoun- 
tered. The most serious difficulty with the former 
method (3) was the frequent and erratic splitting and 
streaking of the tetracycline spots. The latter method (4) 
involves rigid adherance to a lengthy procedure in which 
the diatomaceous earth is repeatedly washed to remove 
binder and other acid-soluble materials. This was found 
not to be reproducible without considerable experience. 
Furthermore, the plates must be freshly prepared and 
used immediately. The method is, therefore, particularly 
inappropriate in situations where a large number of 
chromatograms must be run in a short time. 


The tetracyclines have most commonly been detected 
on chromatograms by their fluorescence under long- 
wave UV light, either with or without exposure of the 
chromatograms to  ammonia vapor (I ,  3-5, 8). A few 
chromogenic spray reagents were described in the earlier 
literature (1) but have been largely abandoned in recent 
publications. 


This communication describes a simple, rapid, and 
reproducible method for the separation of six tetra- 
cyclines presently marketed in numerous dosage forms. 
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Table I-Structures of Tetracyclines and Some of Their Degradation Products 


Compound 
Struc- 
ture R1 Rz R3 R4 


Tetracycline antibiotics 
Tetracycline (TC) 
Chlortetracycline (CTC) 
Oxytetracycline (OTC) (1) Demethylchlortetracycline 


CI H 
H CHz 


(DMCTC) (1) 
Methacycline (MC) (1) 
Doxycycline (DOXY) (1) CH3 
Rolitetracycline (RTC) (1) CHI 


H CH3 


CH3 
(1) CH, (I) c1 


Degradation products 


Rs Ri 


H H 
H H 
H H 


H 
H 
H 
H 


4Epitetracycline 


4Epichlortetracycline 
(4 epi-TC) (1) H CH3 OH H H N(CH& 


H 
H 
H 


C H J 3  


H 


(4epi-CTC) (1) c1 CH3 OH H H N(CH3)3 H 


(ATC) (11) H - - - N(CH3)z H 


(EATC) (11) H 


(ACTC) (11) CI - - - N(CHdz H 


An hydrotetracycline 


Epianhydrotetracycline 


An hydrochlortetracycline 


- 


- - - H N(CH3)z - 


- 


Various degradation and reaction products are also well 
separated, even when chromatographed on 4-week old 
plates. Four spray reagents for the detection of these 
antibiotics are presented. This TLC method has been 
used in a preliminary qualitative study of degradation 
products, other than epimers, formed when tetracycline 
hydrochloride (TC . HCI) and chlortetracycline hydro- 
chloride (CTCsHCI) (see Table I) were allowed to  
epimerize at three different pH values at room tempera- 
ture. 


EXPERIMENTAL 
Reagents-EDTA disodium salt, glycerin, PEG 400, methyl ethyl 


ketone, dichloromethane, ethyl formate, sodium phosphate mono- 
basic, sodium acetate, all analytical grade reagents. 


Preparation of Plates-With the aid of an applicator, five glass 
plates (20 X 20 cm.) were coated with 0.25-mm. layers of a slurry 
of 50 g. kieselguhr G (Merck) in a homogeneous mixture consist- 
ing of 95 ml. 0.1 M EDTA in water and 5 ml. 20% v/v PEG 400 in 
glycerin. The plates were allowed to dry at room temperature for 
at least 4 hr. (preferably overnight), then developed in the Solvent 
System I (see below) up to the top of the plate. They were then dried 
and stored in a dust-free atmosphere with no drying agent. 


Spotting the Solution-Two microliters of 2 mg./ml. methanolic 
solutions of the tetracyclines [aqueous solutions in case of roli- 
tetracycline(RTC)] were spotted as usual, 2 cm. from the edge of 
the plate. 


Solvent Systems-I-Methyl ethyl ketone saturated with Mc- 
Ilvaine's buffer (pH 4.7) (3). 


11-Dichloromethane+thyl formateeethanol (9 :9 :2) saturated 
with McIlvaine's buffer (pH 4.7). 


Spray Reagents-I-Fast Blue B(Diazo-Reagent)-Spray Solution 
A: 0.5% aqueous, freshly prepared solution of fast blue B; Spray 
Solution B: 0.1 N NaOH (aqueous) (la). 


11-Diazotized p-Nitroaniline (1b)-Spray Solution A: just 
before spraying, 5 %  aqueous sodium nitrite solution (1.5 ml.) is 


added to 0.3 p-nitroaniline in 8 % HCl(25 ml.); Spray Solution B: 
20% aqueous sodium carbonate solution. After spraying with Solu- 
tion A, the developed chromatogram is sprayed with Solution B, 
taking care not to make the plate transparent with an excess of the 
sprays. 


Ill-Modified Sakaguchi Reagent (9)-Boric acid ( 5  g.) is 
dissolved in water (150 ml.) and concentrated sulfuric acid (350 
ml.). The reagent is stored in a glass-stoppered bottle in a refrigerator 
and is used cold. 


IV-Diphenylpicrylhydrazyl (DPPH) Reagent (10)-Solution A: 
methanolic solution of DPPH (-1 mg./2 ml.); Solution B: 25% 
aqueous NaOH solution. 


Detection-All the tetracyclines and many of their degradation 
products could be detected by their fluorescence in longwave 
UV light (Black Ray UVL-22). For the visualization of the spots 
in daylight the dried chromatogram was sprayed with one of the 
spray reagents I-IV. With the first three reagents, colored spots 
are observed on a nearly white background but with spray reagent 
IV yellow spots on a bluish white background are obtained (Table 
11). 


aqueous 
solutions of TC.HCI and CTC.HCI were separately diluted to 
25 ml. with distilled water (reference solution), 0.1 M sodium di- 
hydrogen phosphate (aqueous) (pH 4.1), and 0.1 M sodium acetate 
(aqueous) (pH 7.3). The solutions were kept at room temperature 
in 25-ml. volumetric flasks and wrapped in aluminum foil for pro- 
tection from light. At convenient time intervals, 2 pl. of each solu- 
tion was examined by TLC using Solvent Systems I and 11. Simul- 
taneously, 0.2 ml. of each solution was diluted to 25 ml. with 0.1 
N HzSOa and immediately scanned between 210 and 400 mp,' 
noting the absorbance at 254,267,298, and 355 mp. The UV spectra 
(21&400 mp) of the three TC.HCI solutions at 0 and 620 hr. are 
shown in Fig. 1. The corresponding spectra for CTC.HC1 are 
presented in Fig. 2. The TLC of these solutions at 0, 24, and 620 
hr. are schematically represented in Fig. 3. 


Epimerization Experiments-Five milliliters each of 1 


~ 


1 Beckman DB spectrophotometer. 
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Table 11-TLC of Tetracyclines and Some Degradation Products 


Limit of Detection (mcg.) 
-R, x 1005- under Longwave UV 
System System Reagent Reagent ReagentC Reagent With Without 


Compound I I1 I I1 111 IV Ammonia Ammonia 


-Colorb (and Limit of Detection, mcg.)-- 


Tetracycline antibiotics 
TC 53 36 Pk(O.1) Y(1.2) Y(0.8) Pk(1.2) 0.005 0.05 
CTC 76 60 Pk(0.16) Y( 1.2) Y(0.8) Y-Pk(I.2) 0.0032 0.064 
DMCTC 73 44 Pk(0.16) Y(1.2) Y(0.8) Pk-Y(l.2) 0.0032 0.064 
OTC 60 20 Y-Br(0.16) Pk-Y(1.2) Y(0.8) Br-Y(l.2) 0.0024 0.064 
MC 44 29 Pk-Br(O.16) Y(1.2) Y(0.8) Y(1.2) 0.0024 0.064 
DOXY 53 57 Pk-Br(0.16) Y(1.2) Y(0.8) Pk(1.2) 0.0032 0.064 


of Tetracyclinesd 
4 epi-TC 20 12 Y-Pk Y 
ATC 93 83 Pk Y Y 
EATC 41 
4 epi-CTC 33 21 
ACTC 83 57 Pk Y Y Y 


Some Degradation Products 
- - Y Pk-Y 


Y-Pk 
50 Y-Pk Y Y Y-Pk 


Y-Pk Y Y Pk-Y 


- - 
- - 
- - 
- - 


0 Ry values vary considerably with tank temperature. especially in case of stored plates. If very low R1 values are obtained, the chromatograms, after 
brief drying may be rechromatographed in the same solvent system. * Pk = pink, Y = yellow, Br = brown. c Colors change with excess of spray 
reagent and with time. d Limit of detection is not given since very pure samples were not available. 


RESULTS AND DISCUSSION 


In the procedure of Ascione et a[.  (4) the support of diatomaceous 
earth is washed with hot 6 N HCl until the washings no longer show 
the presence of calcium or iron. It is then washed with water until 
a neutral pH is obtained and dried at 105". This somewhat tedious 
process required considerable experience to obtain an acid-washed 
neutral support, and some batches, perhaps less well washed or 
dried, gave chromatograms with streaks and tails. Thus, it was 
decided to use as support the commercially available kieselguhr G 
(Merck) without treatment other than impregnation with EDTA and 
glycerin-PEG 400 mixture. Though the tetracylcines with Rf 0.4 
and lower gave well-shaped spots, those with higher Rf values 
showed irregular zig-zag patterns, which appeared to be due to the 
glycerin-PEG mixture which was also moving with the solvent. 


2.0 
1 .o 
.80 


.60 


.50 


-40 


W 
0 
Z .30 a 
m 


m a 


[L a 
.20 


.lo 


0 


The same results were obtained when the amount of glycerin-PEG 
mixture in the preparation of the slurry was greatly reduced. This 
defect was, however, completely remedied when the plates were 
first developed in Solvent System I and allowed to dry before 
spotting. This process also conditioned the plates with optimum 
moisture content and allowed a satisfactory resolution of the tetra- 
cycline spots, even after the plates were stored up to 4 weeks. In 
this system, one run with the solvent gave satisfactory resolution of 
the various spots, in contrast to the published method (4) where it 
is almost always necessary to chromatograph two to four times. 
It was ascertained by two-dimensional TLC that no degradation 
of the tetracyclines occurred on the plates. 


Though a few spray reagents for the detection of tetracyclines 
have been reported by earlier authors (l), they proved unsatisfactory 
under chromatographic conditions in this laboratory. Recent 


I I I I 1 I 1 
400 350 320 300 280 260 


WAVELENGTH, rnp 
240 220 200 


Figure 1-UV spectra of tetracycline hydrochloride in three solutions (aqueous, phosphate, and acetate).Key: --, T-0 hr. = aqueous solution 
at 0 hr.; - - -, T-620 hr. = aqueous solution after 620 hr.; 0-0, TP-0 hr. = phosphate solution at 0 hr.; 0. * .O, TP-620 hr. = phosphate 
solution a f e r  620 hr.; -@, TA-0 hr. = acetate solution at 0 hr.; . . . @, TA-620 hr. = acetate solution ajier 620 hr. 
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Figure 2- UV spectra of chlortetracycline hydrochloride in three solutions (aqueous, phosphate, and acetate). Key: -, C-0 hr. = aqueous 
solution at 0 hr.; - - -, C-620 hr. = aqueous solution after 620 hr.; 0-0, CP-0 hr. = phosphate solution at 0 hr.; 0. . .O, CP-620 hr. = phos- 
phate solution after 620 hr.; 0-0, CA-0 hr. = acetate solution at 0 hr.; 0 ' . .O, CA-620 hr. = acetate solution after 620 hr. 


____- 
FRONT 0 authors have exclusively made use of longwave UV light for the 


detection of these compounds (2-8). In an attempt to find a spray 
reagent which might be useful for the quantitation of tetracyclines 
by densitometric methods, several sprays used for the detection 
of phenols and amines ( l c )  were tried. Of these, the four described 
in the experimental section were found to give colored spots with 
various tetracyclines and their degradation products (Table 11). 
Though these spray reagents are not as sensitive as the use of UV 
light, they are satisfactory for most detection purposes. 


TLC of Tetracyclines-The chromatography of tetracyclines in 
Solvent Systems I and I1 is schematically represented in Fig. 4 and 
a compilation of approximate Rf values obtained with both the 
solvent systems is shown in Table 11. With the exception of CrrC 
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Figure 3-Schematic TLC of the degradation products of (A)  tetra- 
cycline hydrochloride and (B) chlortetracycline hydrochloride in 
three solutions (aqueous, phosphate, and acetate) at 0, 24, and 620 
hr.; Solvent System 1. T = TC.HCI in aqueous solution; TP = 
TC.HCI in phosphate solution; TA = TC. HCI in acetate solution; 
C = CTC.HCI in aqueous solution; CP = CTC.HCI in phosphate 
solution; CA = CTC.ffCI in acetate sokutioti. 


SOLVENT 
SOLVENT SYSTEM I SYSTEM II 


FRONT 


0 CTC 0 DMCTC 


O O T C  C T C O  O D C X Y  
0 O T C  


OMC D M C T ~  


M C O  


DOXY 


O T C  


O T C O  


START ' ' I I 
1 2  3 4 5 6  


Figure &Schematic chromatogram of tetracyclines in Solvent 
Systems I (left) and I1 (right). Samples: I ,  CTC; 2, DOXY; 3, 
OTC; 4, DMCTC, TC, and MC; 5, CTC, DMCTC, MC. and OTC; 
6, DOXY and TC. 
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from one another in Solvent System 11. CTC and DOXY can also 
be separated from each other in a system composed of dichloro- 
methanethyl alcohol (18 : 1) saturated with the above-mentioned 
McIlvaine buffer. Though oxytetracycline (OTC) moves higher than 
TC or methacycline (MC) in System I, it has an Rf value lower than 
these compounds in System 11. Rolitetracycline (RTC), which carries 
the pyrrolidinomethyl moiety in Position 2 (Table I), did not move in 
these systems but did so when the alcohol content in System I1 was 
increased [dichloromethane-ethylformate-ethanol (2 : 2 : l) ,  RJ = 
0.151. Furthermore, any tetracyclines formed by hydrolysis of RTC 
can be easily detected by employing System I or 11. 


TLC of Degradation Products-Following the reports of a 
Fanconi-like syndrome that developed in patients after the ingestion 
of outdated or degraded tetracycline capsules (6, 10, and references 
contained therein), concern was expressed over impurities and 
degradation products in tetracyclines. 4-Epi-, anhydro-, and 4- 
epianhydro-derivatives of tetracycline (Table I) have been implicated 
as the most toxic degradation products accompanying tetracycline 
(1 1). 4Epianhydrotetracycline in relatively large doses was the 
causative agent of renal tubular damage in the rat and the dog, 
producing urinary findings suggestive of Fanconi-type syndrome 
(11). Furthermore, the epimers have been found to possess less 
than 5% of the antibiotic activity of the parent tetracycline (1 1). 


Solvent Systems I and I1 are suitable for the separation of epi- 
tetracyclines from their parents and of epianhydrotetracycline from 
tetracycline. Anhydrotetracycline and anhydrochlortetracycline 
both move to the solvent front in System I but have reasonable 
mobilities in System I1 (see Table 11). 


Epimerization Experiments-The TLC method was successfully 
applied to a qualitative study of degradation products other than 
the epimers that may be formed in solutions of tetracyclines. 
Previously, the process of epimerization has been studied spectro- 
scopically (12-14) and use has been made of 254 mp/267 mp and 
355 mp/298 mp absorbance ratios (14) to follow the epimerization. 
The decrease in absorbance in the 3W380 mp region in the spectra 
of tetracyclines has been regarded as an indicator for degradation 
other than epimerization. 


In this study, TC.HCI and CTC.HC1 were separately allowed 
to epimerize in phosphate and acetate solutions side by side with 
the corresponding aqueous solutions at room temperature, and the 
reaction products were studied at suitable time intervals both spec- 
troscopically and by TLC. 


The results obtained by spectrophotometric study were in ac- 
cordance with the earlier epimerization studies (12-14). The UV 
spectra of TC.HC1 and CTC.HCI in the three systems (aqueous, 
phosphate, and acetate) are shown in Figs. 1 and 2, respectively, and 
the corresponding TLC results are represented schematically in 
Figs. 3A and 3B, respectively. It was evident from both the chro- 
matographic and spectroscopic evidence that there was considerable 
degradation other than epimerization occurring in each system. 
TLC analysis, however, appears capable of giving more detailed 
information on the excessive degradation than does the absorbance 
ratio analysis or the UV absorbance in the 300-380-mp region. 


In addition to the gradual change in color of the phosphate solu- 
tions, yellowish-gray deposits also formed and were collected at the 
end of about 620 hr. They were dissolved in mixtures of ethyl ace- 
tate-methanol (-1 :3) and on TLC each showed at least four minor 
spots, beside the one major spot corresponding in RJ values (Sys- 


tems I and 11) to that of the parent tetracycline. Though no further 
study of these spots was undertaken, it seemed probable that during 
the process of epimerization, some of the antibiotic was precipitated 
out of the solution perhaps in the form of phosphate complex. 
In the acetate system the corresponding deposit was gray in each 
case and was dissolved in formic acid-methanol ( ~ 1 : 3 ) .  On TLC 
it showed at least seven spots, none of them corresponding to those 
reported earlier. 


The TLC methods described here thus indicated the extensive 
degradation which occurs in solutions of tetracyclines and may be 
of value in studying the stability of liquid pharmaceutical prepara- 
tions containing tetracyclines. If products similar to those detected 
in the epimerization study are found, it will be important to d e  
termine their nature and toxicity. 
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Small Molecule-Macromolecule Interactions as Studied 
by Optical Rotatory Dispersion-Circular Dichroism 
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termination 


This review is intended to summarize the study of 
specific binding of low molecular weight substances to 
macromolecular systems by the application of optical 
rotatory dispersion-circular dichroism (ORD-CD). 
The authors have specifically not included inorganic 
ions. In addition, solvent and cosolute effects have not 
been covered because these phenomena are not neces- 
sarily related specifically to binding. 


The review includes brief discussions of the phe- 
nomena of ORD-CD as well as applications to the pro- 
teins, nucleic acids, and polysaccharides. Metachroma- 
sia, the color-change phenomenon associated with bind- 
ing, is discussed from the historical viewpoint and in 
terms of the more recent spectroscopic studies. 


Extrinsic (induced) Cotton effects are discussed for 
dyes, coenzymes, and related ligands when bound to 
proteins, nucleic acids, polysaccharides, and mem- 
branes. The specific structural information (if any) that 
can be obtained from these studies is presented. 


ORD, or the study of the change of optical rotation 
with wavelength, goes back to the early work of Biot (1) 
and Fresnel (2), who showed that the rotation of an 
optically active medium increases with decreasing 
wavelength of light. Thirty years later came Pasteur’s 


classical work (3) on the resolution of racemic tartrates. 
The discovery of the Bunsen burner is frequently con- 
sidered the major reason that ORD studies did not 
advance significantly until the 1930’s, because measure- 
ments were too easily made at the sodium D-line, a wave- 
length of littlesignificance for most colorless compounds; 
however, much use was made of these measurements as 
analytical and characterization tools. In the 19303, 
much pioneer work in the field of ORD was done by 
Lowry (4) and Kuhn ( 5 , 6 ) ;  they, as well as Mitchell (7), 
were the first to apply CD to organic chemical problems. 
Instrumentation still prevented the widespread use of 
the techniques until the 1950’s when commercial ORD 
instruments became available and, more recently, when 
CD-measuring devices were introduced. Measurements 
by both techniques are frequently made down to wave- 
lengths of 185 mg. For detailed discussions on the 
theory, instrumentation, and applications of ORD-CD, 
the reader is referred to books by Crabbt (8), Djerassi 
(9), and Velluz et af. (lo), and to reviews by Heller and 
Fitts ( I I ) ,  Klyne and Parker (12), Moscowitz (13), 
Tinoco (14), Schellman (15), and Eyring et af. (16). 


The rotation at any constant wavelength is usually 
expressed as a specific rotation defined as 


where [aIxt is the specific rotation at a temperature 
t and a wavelength A, aX is the observed rotation, f is 
the pathlength in decimeters, and c is the concentration 
in grams per 100 ml. of solution; or as a molecular rota- 
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tion [MIx defined as 


where M is the molecular weight. The optical rotation of 
polymeric substances is usually considered a function of 
individual residues rather than the total molecular 
weight, and the mean residue rotation is defined as 


where M R  W is the mean residue weight which is around 
115 for proteins. Optical rotation is dependent on the 
refractive index of the solvent; the observed rotation 
can be approximated to vacuum conditions by the Lo- 
rentz correction factor, enabling a reduced mean residue 
rotation: 


3 MRW [M’lx = ~ ~ 


n2 + 2 100 


to be obtained. For more precise work, the dispersion in 
the refractive index of the solvent must be considered. 


More information concerning the primary or secon- 
dary structure of a compound is gained by measuring 
rotations at  a series of wavelengths, and the resultant 
plot of rotation against wavelength is caIled the rotatory 
dispersion curve for the solute. 


ORIGIN OF OPTICAL ACTIVITY 


A beam of plane polarized light can be considered to 
be made up of a right circularly polarized wave ER and a 
left circularly polarized wave EL. No optical rotation is 
observed if these two components are transmitted with 
equal velocity through the medium. However, if the two 
vectors pass through the medium with unequal velocity, 
then the plane of their resultant will have rotated 
through an angle a. If the right circularly polarized 
component travels faster, then the medium is dextro- 
rotatory; conversely, if the left travels faster, then it is 
levorotatory. The speed of a lightwave is a function of 
the refractive index of the medium, and the medium is 
optically active if it has different indexes of refraction 
(nL and nR) for the left and right circularly polarized 
light. Fresnel(2) has shown that the rotation in radians 
per unit length is given by 


(Eq. 5 )  a = ~ (12L - nn) 


and, using the more familiar specific rotation in de- 
grees per decimeter, 


T 


x 


The refractive indexes nL and nR vary differently with the 
wavelength and are approximated by 


aX n = l + -  
x2 - X,2 


(Eq. 7) 


where a is a constant function of the strength of the 
oscillator of characteristic wavelength A,. A, is a con- 
stant and is the same as that in London’s equation for 


intermolecular attraction (17). This change in refractive 
index with wavelength means that the specific rotations 
also are a function of wavelength; in the regions far 
from optically active absorption bands, they give rise to  
plain curves, the equations for which have been given by 
Drude (1 8) : 


where X i ’ s  are the wavelengths of the optically active 
electronic transition and K,’s are constants proportional 
to the rotatory strength of the ith transition. In the sim- 
plest case this modifies to the single-term Drude, giving 


where Xo is the wavelength of the closest absorption 
maximum. The equation clearly indicates an increase in 
optical rotation as the wavelength is decreased. 


Suppose, however, the medium shows unequal ab- 
sorption of the incident right and left circularly 
polarized light; then the emerging light is also elliptically 
polarized and the phenomenon of unequal absorption is 
known as circular dichroism. To a good approximation 
(8), it can be shown that the angle of ellipticity is 
given by 


(Eq. 10) 
T iC. = ~ ( K L  - KR) 


where KL and KR are the absorption coefficients of the 
left and right circularly polarized light. A specific el- 
lipticity [I)] is analogous to the specific rotation, and a 
molar ellipticity [ O ]  is given by (19) 


[rC.IM 4500 
I00 T 


[ O ]  = ~~~~ = 2.303-(t1, - C R )  = 3 3 0 0 ( ~ ~  - C R )  = 3300At 


0%. 11)  


where e L  and eR are the molar extinction coefficients for 
the left and right circularly polarized light. The extinc- 
tion coefficients also vary with wavelength, and the el- 
lipticity of the medium varies with wavelength, enabling 
a circular dichroism curve to be obtained. A CD curve 
is only a function of the unequal absorption of the 
incident light, but the ORD curve is a function of the 
unequal transmission as well as the unequal absorption 
of light, the shape of the ORD curve depending on the 
proximity of any optically active chroniophores (8,9). 


The combination of unequal absorption and unequal 
transmission of the left and right circularly polarized 
light in the region in which optically active absorption 
bands occur is known as the “Cotton effect,” after the 
man who first observed these anomalous rotations (7, 
20, 21). Whether single or multiple Cotton effects are 
noticed depends on the number of optically active ab- 
sorption bands involved ; obviously, the wavelength 
regions of the Cotton effect are of most interest in ORD 
studies. The molecular amplitude, a, of a Cotton effect 
is defined as the difference between the molecular rota- 
tion at a peak or trough and the molecular rotation of 
the next extremum of shorter wavelength divided by LOO. 


This molar amplitude has been shown as a corollary 
of the Kronig-Kramer theorem (8, 22, 23) to be ap- 
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I '  ' ' I '  . ' I '  " I proximated to the dichroic absorption (A€) of a C D  
curve by 


u = 40.28Ae (Eq. 12) 


or, using molar ellipticity [el, 
= o.o122[e] (Eq. 13) 


This relationship allows at  least semiquantitation be- 
tween ORD and CD, but it is emphasized that the rela- 
tionships were obtained for the n-ir* transition of a 
saturated carbonyl group and should be used with cau- 
tion for other chromophores (8). 


To transform CD spectra into ORD spectra, one must 
use the more general form of the Kronig-Kramer 
equation (9,24): 


This integral can be approximated by summation, but 
the interval must be small, preferably 1 mp or less. 


ORD OF PROTEINS 


For a fuller treatment and references, the reader is 
referred to reviews by Urnes and Doty (25), Yang (26), 
and Gratzer and Cowburn (27). 


Visible and Near UV Region-The [a], as an over- 
simplification can be considered to be made up of two 
contributions, first a levorotatory one from the amino 
acid residues and second a dextrorotatory one arising 
from a secondary and tertiary structure. Typically, a 
protein shows levorotation [au], which is lowered to the 
range - 80 to - 120" upon denaturation (28). It was 
always realized that because the sodium D-line was so 
far from the absorbing groups and the rotations 
measured were small and difficult to quantitate, ORD 
would give better quantitative data. 


Early studies were performed on the synthetic poly-7- 
benzyl-L-glutamate (29) and poly-L-glutamic acid (30, 
31) at wavelengths through the visible region down to 
300 mp. These investigations showed that in helix- 
promoting solvents the polypeptides had anomalous 
dispersion which was dextrorotatory at  long wave- 
lengths, passing through a maximum and then dropping 
steeply at  shorter wavelengths, whereas in the coil- 
promoting solvents the ORD curve was simple and 
levorotatory in the visible region. These observations 
suggested that ORD would be a powerful tool in eluci- 
dating the secondary structure of proteins. The p-forms 
of polypeptides were also shown to contribute to the 
optical rotation (29). The oligomers of 7-benzyl-L- 
glutamate were known to form B-aggregates in a poor 
solvent such as chloroform, and the ORD of the con- 
centrated solution was dextrorotatory throughout the 
visible region, in strong contrast to the anomalous dis- 
persion of the a-helix and the levorotation of the coiled 
forms. The P-aggregates dissociated on dilution, and 
ORD curves similar to the coiled forms were obtained. 


UV Regions-The laboratories of Blout (32, 33) 
and Doty (34, 35) in the early 1960's reported ORD 
and CDmeasurements on polypeptides in theUV region ; 
Doty's group also measured the CD of polypeptides 
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Figure 1-CD (shaded) and ORD ofhomopolypepiides in rite random 
coil, a-helical, and P-conformations. Taken from Reference 27 with 
permission of MacMillans (Journals) Ltd., London, England. 


down to 190 mp, and they calculated the ORD curve 
using the Kronig-Kramer transform and obtained 
reasonable agreement with the experimental curve. The 
use of ORD in protein chemistry is mainly to determine 
conformations; the currently accepted curves for the 
various forms, taken from Reference 27, are shown in 
Fig. 1. Cotton effects may also arise due to aromatic 
groups such as tyrosine, tryptophane, and phenylala- 
nine, as well as disulfide bonds (26,36,37). 


Polypeptides containing less than 50 a-helix obey 
the simple Drude equation, and the constant wavelength 
term is usually denoted by A,; however, A, lacks the 
physical meaning of the wavelength of the nearest 
optically active absorption band, and it is the result of a 
mathematical approximation. For denatured or non- 
globular proteins, A, is near 220 mp and it is from 230 
to 270 mp for native proteins. A,, like [aD] ,  can be used to 
estimate the helix content if it is assumed that only the 
helix and a coil are responsible for the changes. These 
methods are of only historical interest, and the inter- 
ested reader is referred to the excellent paper of Yang 
and Doty (29). In 1956, Moffitt (38) used a quantum 
mechanical approach to the rotatory dispersion of 
helices; he, together with Yang (39), published a phe- 
nomenological equation to explain the ORD of helical 
macromolecules to enable an estimate of the percentage 
of the a-helix to be made: 


The constants, A. and bo, are primarily functions of the 
helical content alone and therefore were regarded as 
independent of environmental factors such as solvent or 
side chains; ao, however, represents the intrinsic residue 
rotations and varies with the environment. Using the 
suggested value of 212 mp for Xo (40,41), Xo has been set 
at  212 mp and gives a value for b, for the 100% helical 
conformation of -630; assuming that bo for the 
coiled form is close to zero, the fraction in the helical 
form is given by 


5 0  


630 


Numerous modifications of the Moffitt equation have 
been proposed (see References 25 and 26 for discussion 
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and further references), but the method gives reliable 
results if only random coil and a-helical conformations 
are present. In days when Cotton effects can be directly 
observed and of readily available CD measurements, 
the Moffitt equation is really obsolescent. Also, obso- 
lescent are the numerous attempts to use various modi- 
fication of the multiterm Drude equations to explain the 
ORD of polypeptides and calculate the percentage a- 
helix (25, 26). For a critical evaluation of Moffitt’s 
equation, the two-term Drude, and a modified two-term 
Drude, see the work of Blout’s group (40-42). 


Wada et al. (43) have modified the Moffitt equation to 
include terms for the p-conformation which had pre- 
viously been ignored ; however, such interpretation is 
complex, but it appears that the bo value is only slightly 
affected by aggregation. It should be pointed out that 
Cotton effects due to aromatic residues which appear in 
many proteins probably invalidate the use of Moffitt’s 
and the various Drude equations for quantitative inter- 
pretation. 


The advent of equipment capable of measuring ORD 
spectra down to 185 mp enables the Cotton effects to be 
observed directly, and attempts to calculate the per- 
centage helix can be made by obtaining the curve of a 
model compound in the fully a-helical form or in the 
fully random coiled form and finding the conformation 
of the protein under investigation by simple proportion. 
Using poly-L-glutamic acid as a model compound, mea- 
surements at 233 and 198 mp have been recommended 
(44); again the presence of ,%aggregates complicates the 
picture, particularly as the P-form contribution is vari- 
able (45). 


CIRCULAR DICHROISM OF PROTEINS 


For a general discussion, see the excellent articles by 
Beychok (37, 46). CD curves for homopolypeptides in 
the random coil a-helical and B-conformations are 
shown in Fig. 1. The percentage of any form in a protein 
can be estimated from the values of the ellipticities at 
specific wavelengths of reference synthetic materials 
known to be in the various configurations. This tech- 
nique is simplified if the P-form is again ignored as is 
often the case (35,37,47). The CD of B-forms has been 
investigated in detail by Fasman and Potter (45) and 
Quadrifoglio and Urry (48). Aromatic side chains and 
disulfides in polypeptides give rise to CD spectra in the 
250-mp + 350-mp region (37, 49). It should also be 
noted that the amino acids, tyrosine, tryptophane, 
phenylalanine, and cystine, show intense side-chain 
optical activity near 220 mp at all pH’s and whether free 
or as amides and esters (37). This means that estimating 
the a-helix content and sense for proteins containing a 
high proportion of these residues is very risky because 
this side-chain absorption closely overlaps the most 
important peptide bands. CD has recently been shown 
to provide a quick criterion of nonidentity between two 
proteins having similar electrophoretic mobilities and 
elution profiles (50). 


OPTICAL ACTIVITY OF NUCLEIC ACIDS 


The origin of optical activity in the monomeric com- 
ponents of the nucleic acids, the purine and pyrimidine 
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Figure 2-CD (upper) and ORB (lower) of salmon DNA (. . .) and 
E. coli ribosomal RNA(-). Taken from Reference 54 with permis- 
sion of Dr. J. T .  Yang and Academic Press, New York, N .  Y. 


ribosides and 2 ‘-deoxyribosides, at the characteristic 
UV absorption bands of the aglycones is in the 
asymmetric perturbation of the aglycone chromophore 
by the glycosidic portion. The rotation varies as a func- 
tion of substituent changes in the sugar moiety and as a 
function of changes in the torsion angle (the angle de- 
scribing the conformation about the glycosidic bond). 
It has been generally assumed that the torsion angle for 
most monomeric nucleosides and nucleotides is in the 
range corresponding to the anti-conformation, but 
recent work (51, 52) demonstrates that for a number of 
nucleosides (both purine and pyrimidine ribosides) a 
significant proportion of the conformer equilibrium is 
composed of the syn-form. It is unknown, at present, 
whether this new information will significantly alter the 
current status of the nucleic acid conformation problem 
to be discussed. 


When the monomers are joined by the familiar 
3 ’,5 ’-phosphodiester linkage to form nucleic acids, one 
might expect the polymer rotation to be similar to the 
monomer rotation, differing perhaps by the small per- 
turbation occasioned by the functional group change at 
C-3 ’, C-5’. Indeed, that is the observation for unordered 
polymers (53), but the helical order that can be assumed 
under appropriate conditions by DNA and some RNA‘s 
is characterized by an enhanced optical activity. The 
complex subject of optical activity of the nucleic acids 
has been reviewed recently (27, 54) and only the high- 
lights will be discussed here. 


Nucleic acid structure can be considered on three 
different levels, the single-stranded “random” coil, the 
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single-stranded stacked-base form, and the double- 
helical form of which there is an A and a B form. The A 
form of DNA and the double-helical forms of RNA are 
thought to have similar structural features differing from 
the B form of DNA in a 15-20' tilt of the base pairs 
relative to the helix axis compared with virtually no tilt 
in the B form. 


The ORD and CD differences of DNA and RNA may 
in some cases be rationalized on the basis of the various 
fundamentally different forms available, but in some 
cases the observed differences have not been rational- 
ized. Extensive ORD studies of DNA and RNA (55-62) 
have demonstrated that DNA and RNA from different 
sources show fairly typical behavior, being characterized 
by two peaks and a trough in the vicinity of the 260-mp 
absorption band (Fig. 2). The relative magnitudes of 
these characteristic maxima and minima are the dis- 
tinguishing characteristics that usually allow differentia- 
tion between DNA and RNA. The characteristics are 
best seen in the respective circular dichroism spectra that 
show a positive ellipticity followed by an intense and a 
weak negative curve for salmon sperm DNA and a 
positive effect followed by weak and strong negative 
effects for double-stranded RNA (63). Extensive prior 
circular dichroism studies (64-68) recorded similar 
results. 


The first and second ORD peaks of DNA are tem- 
perature-dependent as is the first peak of helical RNA. 
When the variation between rotation at 290 mp and 
temperature is studied for DNA, a sharp drop in rota- 
tion is seen at the helix-coil transition temperature deter- 
mined by other means. The same study on helical RNA 
shows the typical broad melting behavior of that system. 


The gross differences in the ORD-CD spectra of 
DNA and RNA do not arise from double helix-single 
helix random coil differences, although these forms have 
typical rotational characteristics. The differences have 
not been fully rationalized, but some correlations be- 
tween structure and rotation phenomena do exist. 
The reader is referred to the review by Yang and Same- 
jima (54) as well as the recent work of Johnson and 
Tinoco (69 and references therein). 


OPTICAL ACTIVITY OF POLYSACCHARIDES 


The study of polysaccharide structure via the optical 
rotation method has historically been carried out at the 
sodium D-line. The current status of the problem has 
been reviewed (70). Even when ORD and CD were 
applied, the non-UV absorbance of most sugars and 
many polysaccharides made interpretation difficult. 
It is, therefore, not surprising that less is known about 
the solution conformation of polysaccharides than about 
proteins and nucleic acids. Recent reports (71-73) show 
that the mucopolysaccharides, chondroitin sulfate and 
heparin, have Cotton effects in the region below 220 
mp arising from n-T* and T-T* amide transitions. 


The mucopolysaccharide ORD spectra are of two 
different types depending on structure. The 3- I-linked 
glycosamine sugars show a negative Cotton effect 
(trough at 217-220 mp), whereas the 4-I-linked glycos- 
amine sugars (a- or P-glycosidic link) show a dominance 
of the positive Cotton effect in the T-T* region (-198 
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Figure S O R D  of mucopolysaccharides containing N-acetyl 
glucosamine. Curve 1, N-acetyl glucosamine; 2, heparin A; 3, 
chondroitin sulfate-I; 4,  S-chondroitin sulfate. Taken from Reference 
70 with permission of Marcel Dekker, Inc., New York, N.  Y. 


mp) (see Fig. 3). It is thought that the differences may be 
derived from a preferential association of the '(2-2' 
nitrogen with the prior C-2 hydroxyl in the first case and 
of the C-2 nitrogen with the succeeding 2', 3', or 4' 
hydroxyl in the latter case. 


That the mucopolysaccharides appear to have optical 
properties that depend largely on the way the sugars 
are linked in the polymer regardless of the configuration 
of the glycosidic bond indicates that rotatory properties 
derived from the monomer (74) are probably insufficient 
indexes of the polymer structure. It is concluded that 
there is a preferred twisting of the polymer strand im- 
posing unique perturbations on the amide chromo- 
phores. The observation of these new amide transitions 
will no doubt allow more informative studies of poly- 
saccharide secondary structure in solution to be made in 
the future. 


SURVEY OF OTHER METHODS 


The reader is referred to the classical review on pro- 
tein binding by Goldstein (75) for details and references 
on other experimental methods and to the review by 
Meyer and Guttman (76) for references concerning 
specific drugs. These methods, summarized below, can 
be used for the study of binding of small molecules to 
macromolecules in general. 


Dialysis-The equilibrium method is by far the most 
widely applied and is capable of giving good quan- 
titative data, provided reasonable experimental precau- 
tions, such as a careful pretreatment of the dialysis tub- 
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ing, are followed. Faster kinetic dialysis techniques have 
been reported by several workers (77-79). 


Ultrafiltration-This is also a widely practiced equi- 
librium technique which is quicker than equilibrium 
dialysis but is quantitatively inferior because of the 
continually changing macromolecule concentration and 
the accumulation of the macromolecule on the mem- 
brane surface. 


EMF and Conductivity-Here the incorporation of 
buffers in the system is an obvious problem and the 
methods are only useful for studying the binding of ions. 


Electrophoresis-This method is qualitatively useful 
in that it can be possible to find to which macromole- 
cule fraction the small molecule is bound. Precise 
quantitation is difficult. 


Spectroscopy-The method can be useful if the 
spectra of either the small molecule or the macromole- 
cule is modified in the presence of the other, but in 
many the interactions cause little or no spectral changes. 


NMR and ESR-The use of NMR to  study bio- 
logical interactions has been pioneered by Burgen (80) 
and Jardetzky (81). The differential changes of the 
relaxation rates in the high-resolution NMR spectra of 
both small and large molecules can be used to identify 
the area of the molecule directly involved in the forma- 
tion of complexes. Other references can be found in the 
reviews (82, 83). Electron spin resonance spectroscopy 
has been applied by studying the ESR spectra of bound 
free radicals (84). The nature of the ESR spectra is 
sensitive to the environment, and rapid molecular mo- 
tion can be detected. 


Other methods which have been used include polar- 
ography, gel filtration, fluorescence quenching, adsorp- 
tion, diffusion, the measurement of partition coefficients. 
and Kerr constant dispersion. 


METACHROMASIA 


A recurrent phenomenon that arises in the study 
of binding processes by ORD-CD is metachromasia 
(metachromasy). Metachromatic complexes are char- 
acterized by a shift to lower wavelength of the absorp- 
tion maximum of the bound species as well as a decrease 
in its absorbance (hypochromism). The substance that 
can induce metachromasia in a dye is called a chromo- 
trope. The usual chromotropic substances of biological 
origin are high-molecular weight polyanions. Heparin, 
chondroitin sulfate, hyaluronate, nucleic acids, agar, 
and alginate are such substances. Some inorganic and 
synthetic chromotropes are silicates, polyphosphates, 
chitin sulfate, carboxymethylcellulose, alginate sulfate, 
pectin sulfate, and polyacrylates. Some relatively low- 
molecular weight substances are chromotropic such as 
soaps and anionic detergents, e.g., myristate, surface- 
active agents (Duponol), and phospholipids (85,86). 


Dyes that stain metachromatically are ordinarily 
metachromatic by themselves and do not obey Beer's 
law; it is concluded that metachromasia, whether in the 
presence or absence of macromolecules, is a function 
of intermolecular dye-dye association. When chromo- 
tropes are present, the initial binding of either the dye 
aggregate or the dye monomer followed by aggregation 
at  the appropriate concentration is thought to be the 


sequence of events (87, 88). In fact, when a normally 
metachromatic dye (methylene blue, toluidine blue) is 
mixed at  low concentration with a substance that nor- 
mally stains orthochromatically (fibrin, gelatin, and most 
tissue and cellular structures), the orthochromatic color 
is seen. Orthochromicity refers to the lack of absorbance 
maximum shift on binding. Only if the dye concentra- 
tion is increased does one eventually see metachromasia 
(89). In addition, ligands that do  not ordinarily aggre- 
gate in the absence of binding agents (acranil, atebrin, 
neomonacrin, proflavin, 9-aminoacridine, and some 
other aminoacridines) show a shift to higher wavelength 
when bound to nucleic acids, and this bathochromic 
shift is thought to involve dye-polymer interactions 
(85, 90, 91). The same observation has recently been 
made in a study of the binding of proflavin to poly- 
(styrene sulfonic acid) (92). 


Elegant studies of the binding of DBTC (4,5,4', 
5 '-dibenzo-3,3 '-diethyl-9-methylthiacarbocyanine) to a 
large variety of polyanions (93-95) revealed that the dye 
molecule reacts to form at least five distinct complexes 
depending on the macromolecule, the polymer-dye 
ratio, and the pH. Four of the complexes are character- 
ized by a shift of the dye absorbance to higher wave- 
lengths and only one is metachromatic. The complexes 
are thought to involve dye-polymer interactions, result- 
ing in conformational distortion of the dye, dye-counter 
ion interactions on the polymer, and perhaps in some 
cases dye-dye interactions, although these are thought to  
be of minor importance. Dye-counter ion interactions 
have been invoked as an alternative rationalization for 
metachromasia by other workers (96). 


PROTEIN INTERACTIONS 


Detergents-Putnam and Neurath (97-99) pioneered 
the investigations into the denaturation of proteins 
by detergents using techniques such as viscosity, 
electrophoresis, and precipitation. In these investiga- 
tions of the binding of dodecyl sulfate to  horse serum 
albumin, they concluded that two distinct complexes 
were formed, the first occurring without detectable 
changes in the shape of the albumin but the second only 
occurring with considerable change in asymmetry of the 
protein. The complexes were said to be due to the bind- 
ing of detergent anions to cationic protein groups, this 
erroneous conclusion coming from the similarity be- 
tween the number of detergent ions bound and the num- 
ber of binding sites available. Equilibrium dialysis 
(100-102) was later used to determine accurately the 
number of detergent anions bound to serum albumin. 


Foster (103), among others, suggested that correla- 
tion between the number of anions bound and the num- 
ber of cationic sites was fortuitous, suggesting that the 
hydrophobic nature of the anion plays an important role 
in the binding to the proteins. The application of optical 
rotatory dispersion to the detergent-binding problem has 
been made mainly by Bruno Jirgensons at  the Univer- 
sity of Texas. Using a sodium lamp in his earlier work 
(104, lOS), he noticed that detergents produced a nega- 
tive shift in the specific rotation and this shift was ac- 
companied by an increase in viscosity. Using the same 
technique (106) to  investigate the [a], of the plant pro- 
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teins, tuburin and pea legumin, denatured with sodium 
dodecyl benzene sulfonate, he again observed an in- 
creased negative rotation, and the effect of the detergent 
became more marked as the pH increased. In this paper 
he states that optical rotatory power seems to be one of 
the surest methods of measuring denaturation, a strong 
statement when one considers he was measuring at  a 
single wavelength far from the absorbing groups in the 
proteins; one is not surprised at his immediate in- 
terest in obtaining dispersion curves when instrumen- 
tation became available. 


Using the Rudolf instrument (107), he found that all 
the proteins he investigated obeyed the single-term 
Drude equation and that on denaturing a metal-binding 
&globulin with AOT and heating to 50°, the dispersion 
constant of the denatured material was shifted from 243 
to 220-230 mp, whereas the constants for the Bence- 
Jones protein and y-globulin increased under the same 
conditions from 200-215 to 220 mp. Realizing the work 
of Foster (103), Kauzmann (lOS), and Tanford (109), 
emphasizing the importance of hydrophobic bonds in 
the folding of proteins, he proceeded to investigate the 
possibility that the extreme efficiency of the unfolding 
of globular proteins by surface-active agents (greater 
than urea, guanidine salts, and alcohol on a molar 
basis) might be due to the hydrophobic nature of the 
tail of the detergent molecule (1 10). Using the Yang and 
Doty (29) method of obtaining A, from the single-term 
Drude, and suggesting that an increase in X, above 220 
mp reflects an a-helix formation, he found that deter- 
gent-treated y-globulins, pepsin, and soybean trypsin 
inhibitor showed a limited formation of a-helices. bo 
values from the equation of Moffitt and Yang (39) rose 
to values close to - 80, indicating a-helix formation. 


In the treatment of a- and 0-caseins with AOT, the 
X, of a-casein was enhanced considerably while the 
value for the @form was not affected. I t  was also ob- 
served that the detergents were more active the longer 
their hydrophobic chain; for example, the 10-carbon 
chain of sodium caprate caused X, of y-equine to shift 
to 234 mp from the native value of 210, whereas the 
same concentration of the 6-carbon chain of sodium 
caproate caused little or no change in A,. He concluded 
that the hydrocarbon chain of the detergent penetrates 
into the interior of the proteins, partially unfolding them, 
these conformational changes being greater the longer 
the hydrophobic tail of the detergent. Heating the sys- 
tems to  50" always caused an increased denaturation, 
presumably due to  the fact that at  the elevated tempera- 
ture the micelle-monomer equilibrium of the detergent is 
shifted toward the free molecules, facilitating the 
intervention between the protein and the detergent. In an 
earlier inconclusive paper (1 1 l), Jirgensons had found 
that a bovine albumin, a human albumin, and mercapto 
albumin had not been denaturated by several long-chain 
sulfosuccinates at 50 or 70", using no change in X, as the 
criterion. Low reduced viscosities seemed to confirm 
these observations. Similar observations had been made 
regarding the effect of detergents on taka-amylase (1 12), 
another helical protein. Using improved instrumenta- 
tion capable of observing the trough of the Cotton 
effect at  225-240 mp due to the a-helical conformation, 
Jirgensons (1 13) again turned his attention to effects of 


detergents on the nonhelical proteins. He found that 
the proteins, reduced and carboxymethylated serum 
albumin, normal serum y-globulin, myeloma globulin, 
pepsin, trypsin, trypsinogen, a-chymotrypsin, chymo- 
trypsinogen, and soybean trypsin inhibitor did not show 
the Cotton effect, but that the Cotton effect was observed 
with troughs at  225 to 240 mp if the hydrophobic chain 
of the added detergent was long enough. Sodium do- 
decyl, sodium decyl, and sodium octyl sulfates, as well as 
sodium dioctyl sulfosuccinate, were used in the inves- 
tigations. These observations supported the view that 
the chains of the detergent disturbed the hydrophobic 
forces essential for the conformation of the nonhelical 
proteins. 


A paper, again involving the nonhelical proteins 
and anionic detergents, also published in 1962 (114), 
contained similar observations. Instrumentation allow- 
ing the a-helical trough around 230 mp to be investi- 
gated led Jirgensons (1 15) to look now at the a-helical 
proteins such as serum albumin, insulin, growth hor- 
mone, lysozyme, bacterial a-amylase, lactic dehydro- 
genase, and glutamic dehydrogenase. All these proteins 
showed a definite Cotton effect at 225-235 mp, and 
dodecyl sulfate diminished the levorotation of these 
helical proteins to a greater or lesser extent. The effects 
were greater with dodecyl than with decyl sulfate. 
These effects are opposite to those observed earlier for 
the nonhelical proteins and suggest that the detergent 
can promote disorganization of helical proteins. The 
disulfide-linked macromolecules seemed more resistant 
to this disorganization than did the cystine-free bacte- 
rial amylase. This supported the hypothesis that the 
conformation of the helical proteins also depends upon 
hydrophobic bonds. In this paper Jirgensons mentions 
the existence of the 0-conformation (25)for the first time. 
Again turning to the nonhelical proteins, human serum 
y-globulin, and myeloma protein (1 16), treating them 
with sodium decyl sulfate in alkaline conditions of pH 
10.2-1 1.0 at  an elevated temperature of 50°, he found 
that the bo values were initially close to zero but became 
negative on denaturation and fragmentation by the 
detergent. The levorotation was also increased; al- 
though bo returned almost to zero on removing the 
detergent by dialysis, the levorotation stayed enhanced. 
He concluded structural changes in the following steps: 
native ordered 4 strongly disorganized and fragmented 
--t partially organized + strong disorganized and ag- 
gregated fragments. The y-globulin is split into frag- 
ments of molecular weight 56,000 to 75,000 by deter- 
gent; however, the observations are complicated by the 
fact that disulfide and ester bonds are sensitive to alkali. 


In another paper (1 17), again looking at  detergents 
and nonhelical proteins, including the plant proteins, a- 
conarachin and edestin, he found bo to be near zero for 
the native proteins and negative on treatment with 
detergent. The specific rotation also became more 
negative, but he agreed with the statement by Tanford 
et al. (109) that no reliable conclusions concerning con- 
formation can be drawn from the changes of [ a ] ~ ,  espe- 
cially in the instances when the properties of the solvent 
are drastically changed. In the same paper it was found 
that the nonionic surfactant (Brij 35) was less effective 
than the anionic detergent with the same chain length, 
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and that lysozyme and pituitary growth hormone are 
only slightly affected by detergents even on heating. 
He concluded that the native globular proteins having a 
bo value of near zero are not a-helical yet possess some 
order in the folding of the polypeptide chains. So at this 
time there was a possibility that the structure of these 
proteins in aqueous solution included the B-form. Wada 
et al. (43) had expanded the Moffitt equation in 1961 to 
take into account the @-configuration; Troitski (1 18), 
a Russian worker using a manual spectropolarim- 
eter and a lowest wavelength of 365 mp, used it to inter- 
pret his investigations into the effect of sodium decyl 
sulfate on yglobulin, egg albumin, and serum albumin. 
He concluded that y-globulin loses its B-structure and 
retains its a-structure on treatment with detergent. On 
the other hand, egg albumin lost 35 of its B-form, but 
the a-helix content did not change and there was no 
change at all in the conformation of serum albumin. 
The author concluded that the detergent degrades the @- 
structure but not the a-helix, and he suggested that deter- 
gents may be specific reagents for the &configuration in 
the correct conditions. These observations regarding 
the a-helix were contrary to those of Jirgensons, and 
this, together with the claims for the @-structure in 
aqueous solutions of specially treated poly-a-L-lysine 
(119, 120) and silk (121), stimulated Jirgensons (122, 
123) to further investigations. The proteins having high 
a-helix content are slightly disorganized, as shown by 
changes in the amplitudes of the Cotton effect and bo 
values. The disordered proteins such as histones are 
partially disorganized by the detergents, whereas those 
with considerable @-conformation like desoxyribonu- 
clease and @-lactoglobulin seem to lose their @-form and 
acquire some a-helical form. Several other proteins 
having some B-structure as well as the a-helical form 
were also investigated, but no clear interpretation is 
presented ; however, the possibility of a somewhat 
different @-structure is mentioned. In other publications 
concerning the histone F1 (124, 125), he again reported 
that decyl and dodecyl sulfate convert the disordered 
histone partially into the a-helical form. Decker and 
Foster (126), investigating the interaction of bovine 
plasma albumin with alkyl benzenesulfonates at pH 6.5, 
found an initial binding involving 11 f 1 sites and two 
other complexes involving 38 and 76 detergent mole- 
cules. This is in agreement with the complexes of Putnam 
and Neurath (98) who used dialysis and moving-bound- 
ary electrophoresis experiments. The formation of the 
higher complexes was found by ORD experiments to be 
accompanied by some loss of a-helix content of the 
protein. 


Again looking at the nonhelical proteins in 1967 
(127), Jirgensons found that tetradecyl sulfate was more 
effective than dodecyl sulfate in promoting helical 
formation, again confirming that the hydrocarbon chain 
plays a decisive role in protein conformation. In their 
classical paper on the @-form of poly-L-lysine in aqueous 
solution, Sarkar and Doty (1 19) found that disordered 
poly-L-lysine in alkaline solution went to the @-con- 
figuration on heating; whereas treatment with sodium 
dodecyl sulfate in neutral solution seemed to produce a 
@-form, forming a peak at 205 mp and a trough at 230 
mp. However, the magnitude of the trough was greatly 


reduced. Supporting evidence for the @-form was ob- 
tained from IR, UV, and CD. These observations stim- 
ulated further work on synthetic polypeptides, and 
Grouke and Gibbs (128) found that sodium dodecyl 
sulfate shifted the random-coiled form of poly-~-  
ornithine in neutral solution of the a-helical form using 
ORD and CD methods. This a-helix formation is 
accompanied by the shift of the ORD minimum to 235 
mp. The a-helical form of poly-L-ornithine was un- 
changed on heating; a similar treatment on poly-L- 
lysine had caused the formation of a @-structure (1 19). 


Velluz and Legrand (129), using entirely CD tech- 
niques, found that treatment of human serum albumin 
(HSA) with dodecyl sulfatedecreases the helical content to 
4 0 z .  Treatment of HSA with detergent and 2-mercapto- 
ethanol (reducing the S-S bonds) causes disappearance 
of the dichroism in the 250-300-mp region (due to loss 
of S-S bonds) whereas the dichroism in 200-250 mp 
remains constant, suggesting no change in a-helix con- 
tent. The s-S bonds act as protectors of the rigid 
structures before denaturation, probably by maintaining 
a conformation which isolates the sensitive groups from 
the medium; the detergent seems to prevent the collapse 
of the rigid structures when the S-S bonds are broken. 
This is not so on denaturation with urea. The effect of 
delipidization of lipoproteins has been investigated by 
ORD and CD (130), but the results are confusing. CD, 
ORD, and IR show that 6-lipoprotein is disordered and 
probably has some helical structure ; the @-apoprotein 
retains its B-structure, but on treatment with dodecyl 
sulfate the proteins become more disordered and some 
a-helix formation may be induced. The conformational 
changes which had been reported earlier on delipidiza- 
tion (131, 132) are probably caused by the presence of 
dodecyl sulfate. Dodecyl sulfate has no effect on the 
configuration of @-lactoglobulin polymorphs A, B, and 
C as measured by CD (133). 


The Cotton effect at near 280 mp due to  tryptophane 
residues in egg white lysozyme disappears on exposure 
to sodium dodecyl sulfate (134) a t  concentrations which 
do not affect the a-helix content but do  completely 
inhibit the enzyme activity. This suggests that trypto- 
phane is involved in the formation of the enzyme sub- 
strate complex. Similarly, dimethyl benzylmyristylam- 
monium chloride did not affect the secondary struc- 
ture of lysozyme (135) or acetyl lysozyme (136) but did 
reduce the enzyme activity. The binding of various 
sulfates and sulfonates to  bovine serum albumin has 
been investigated (137), and it was found that [a]233 
changes in a h e a r  manner up until 10 moles of detergent 
are bound per protein molecule; the rotation remains 
constant as more detergent is added until a large con- 
figuration change takes place when between 45 and 60 
moles are bound. This may again be due to the altera- 
tion of conformation of the tryptophane residues. 


As can be seen from this, the interpretation of 
the ORD and CD spectra of detergent-protein com- 
plexes is difficult and is complicated by the fact that 
detergents may increase a-helical content (30), convert 
helical to &structure (27), abolish /3 but not helical 
structure (26), or act as a denaturating agent (19) with 
various proteins. 
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Dyes-In 1958, Markus and Karush (138) studied 
the effect of anionic dyes on the rotatory dispersion of 
HSA at pH 7.4 from 725 mp to 550 mp and found that 
strongly anomalous dispersion curves were obtained. 
Using a manual polarimeter, it was found that the [&ID 
depended on the substituent in the p-position of the 
p-benzene-azo-benzoylamino acetic acid dyes. On re- 
moving the dyes, all changes were completely reversible. 
Correlation with viscosity and dialysis experiments sug- 
gested to the authors that the changes in the observed 
[aID were due either to structural changes in the serum 
albumin involving interaction with the end groups of the 
dyes or the stabilization of resonance forms of the dyes. 
However, in a later paper, having obtained improved 
instrumentation, Winkler and Markus (139) showed 
that the earlier reported anomalous rotation was due to 
an artifact (stray light) and that the sudden changes in 
rotation between 500 and 600 mp were no longer ob- 
served. The curves obtained still showed very strong 
deviations from the dispersion of HSA in the absence of 
dye. The earlier conclusions obtained from the sodium 
D-line measurements were, of course, not affected by 
these observations. 


Blout and Stryer (140) were the first to report a Cotton 
effect from a polypeptide-dye complex at wavelengths 
near those of the absorption bands of the dyes. This 
indicated that the chromophoric group of the dye had 
acquired asymmetry. L-Polyglutamic acid (141, 142) was 
used with acriflavine and neutral rhodamine 6G, and it 
was found that complexing, and the resulting Cotton 
effects at wavelengths greater than 400 mp, only re- 
sulted when the peptide was in the helical form (below 
pH 6.0); above pH 6.0 the peptide is in a random con- 
figuration, and no anomalous dispersion is observed. 
The magnitude of the Cotton effect of acriflavinec- 
PGA complex as a function of pH showed good agree- 
ment with the helix content as determined from [a!]s4,,. 
In further investigations with a wider range of dyes, 
Stryer and Blout (143) again found complexing only in 
the pH region of high helical content and found molar 
rotations up to a million for the induced Cotton effects. 
The signs of the Cotton effects were opposite for the L- 
and D-polyglutamic acids, leading to the conclusion that 
helices of opposite screw sense show Cotton effects of 
opposite sign. Three models weresuggested (Fig. 4) for the 
interaction between the peptide and dye; the first involved 
an unaggregated dye interacting with the asymmetric a- 
carbon atom of the peptide residue; the second involved 
dye end-to-end aggregation giving rise to a super helix 
around the peptide helix. In the third, the asymmetric 
polypeptide acts as a sterically determined “seeding 
center” to favor one of the screw senses of a dye helix 
which forms tangential to the polypeptide a-helix. None 
of the models satisfied all the observations (143, 144), 
although the latter two seem more feasible. 


Blout (144) reported that covalent binding of a single 
dye molecule to a helical macromolecule results in an 
extrinsic Cotton effect; this does not prove, however, 
that all dye-polypeptide Cotton effects are the result of a 
single dye molecule bound to an asymmetric site in the 
macromolecule. Using the streaming dichroism tech- 
nique (145), Ballard et al. (146) investigated the binding 
of acridine orange with the a-helical form of poly-a-L- 
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Figure &Three suggested modes of interaction between dye and 
polypeptide. Model I ,  unaggregated dye interacts near fhe asym- 
metric cr-carbon atom of the peptide residue; model 11, dye end-to- 
end aggregate giving rise to dye superhelix; model III, tangential 
dye helix. Taken from Reference 144 with permission of the editors 
and Interscience Publishers, New York, N .  Y .  


glutamic acid. They found three circular dichroism 
bands associated with the long wavelength absorption 
band of A 0  at 495 mp and further CD bands associated 
with the 270-mp absorption band of the dye but none 
associated with the 295-mp absorption band. The 
induced activity was relatively insensitive to the glu- 
tamate residue-to-dye ratio but was dependent on 
the ionic strength of the solution. It was concluded that 
the dye aggregate in the L-PGA complex has the form of 
a left-handed super helix bound to the core of a right- 
handed a-helix of L-PGA. A 0  binds strongly to PGA 
over the pH region of the transition from a random coil 
to a-helix, and Myhr and Foss (147) decided to re- 
investigate the random coil region of binding. They 
stress that the method of preparing the complex in- 
fluences the ORD properties; complexes prepared by 
changing the PGA conformation in the presence of A 0  
are not the same as those prepared by first changing 
the PGA conformation and then adding the dye. Their 
observations suggest that the dye prevents conforma- 
tional changes in the random coil pH region, and they 
state that this probably prevented Stryer and Blout 
from observing optical activity of the random coil com- 
plex. Preparing complexes by titrating the L-PGA to 
the desired pH before adding the dye, they found large 
Cotton effects in the region of the A 0  absorption bands 
for both the helical and random coil pH regions. The 
curve for the helical form was very similar to that of 
Stryer and Blout. Yamaoka and Resnik (148) rein- 
vestigated the interaction between helical a-PGA and 
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acridine orange at several dye-to-polymer ratios (D/P) 
using ORD. Even at a D/P of 0.0001, a broad positive 
peak was located at 525 mp, a steep negative trough 
with a shoulder around 480 mp, and a second peak at 
450 mp was also found. The curves were in good agree- 
ment with those of Stryer and Blout; however, the com- 
plexing at very low D/P ratios agreed with the observa- 
tions of Mason's group (146), which reported binding 
of approximately two A 0  molecules per three polymer 
molecules. This led to support for Blout's first model, 
i.e., binding of unaggregated dye near the asymmetric a- 
carbon atom of the peptide residue. The resultant CD 
curves from the Kronig-Kramer transform, when com- 
pared with the measurements of Mason's group (146), 
show good agreement with the positions and signs of 
all three extrema, but there is not good agreement on 
the magnitude of the rotations. Yamaoka and Resnik 
(149) also investigated the interaction of helical L-PGA 
and proflavine and found extrinsic optical activity 
throughout the absorption bands of the dye, but no new 
peaks or shoulders were found. The induced Cotton 
effects were shown to be multiple by the Kronig- 
Kramer transform. This analysis also shows a weak 
background rotation which may suggest a slight altera- 
tion in the polypeptide conformation when the dye is 
bound. 


Eyring et al. (150), reinvestigating the PGA-acridine 
orange system, found significant differences in the ORD 
curves depending on whether the pH was adjusted 
before or after mixing. Heating had little or no effect on 
the curves except in the case of the helical form above 
5 5 " ,  where a decrease in rotation was observed; this 
was reversible on cooling. Their complexes with helical 
PGA are very similar to those of Stryer and Blout (143), 
and they correctly point out that Stryer and Blout over- 
looked the Cotton effects of the coiled PGA-A0 com- 
plex by approximating their data with a smooth curve. 
Yang's group reported Cotton effects with the coiled 
PGA, although they were much smaller in magnitude 
than those found with the helical form. There are con- 
siderable differences between their data and that of 
Myhr and FOSS, possibly due to differences in experi- 
mental conditions. 


Others-The binding of coenzymes, substrates, 
inhibitors, etc., has been investigated by ORD and CD, 
and particular interest has been shown in extrinsic 
Cotton effects generated by a chromophoric molecule 
interacting with an asymmetric site of the protein 
as in the case of the dyes. Considerable interest has 
been shown in the interaction of liver alcohol dehydro- 
genase and nucleotides where a Cotton effect is seen 
close to the absorption maximum of the complex (151- 
153). The stoichiometry of this binding has been shown 
to be two moles of nucleotide per mole of enzyme. 


Heme has a plane of symmetry, but the iron atom 
constitutes a center of asymmetry for a prosthetic 
group since different ligands may occupy the fifth and 
sixth coordination sites of the metal atom and because 
the protein may be linked both to iron and the porphyrin 
side chains; thus considerable interest has been shown in 
the optical dispersion of heme proteins (154-157), par- 
ticularly concerning the Cotton effect in the Soret band. 
The extrinsic effects of these and other protein-substrate 


bindings were reviewed by Ulmer and Vallee in 1965 
(1 58) and only the more recent developments, partic- 
ularly the obvious usage of CD, will be discussed here. 
Myoglobin and hemoglobin exhibit a positive Cotton 
effect in the Soret band of the visible spectrum, regard- 
less of the state of iron oxidation or nature of the ligand 
in the sixth coordination position of the Fe atom (156, 
159). As heme is directly bound to the histidine residue 
which is part of a right-hand helix segment (160), 
Beychok (37) investigated the poly-L-histidine-hemin 
complex but found little correlation with the myoglobin 
spectra, the situation being complicated by the fact that 
heme aggregates and binding occurs with monomers as 
well as aggregates. Urry (161), in a theoretical paper 
concerning the heme-protein interactions, predicts that 
the rotational strengths of the proteins change on the 
interaction and that the changes in the peak and 
trough of the ORD of apomyoglobin upon binding 
of heme (162, 163) should not be interpreted as changes 
in helical content. He also proposed that a substantial 
contribution to the rotational strength of the Soret 
transition in these heme proteins arises from coupling 
with the protein transitions. Concentrating on the 
troublesome region below 300 mp, Beychok's group( 164) 
concluded that the major contribution to the 260-mp 
CD band of hemoglobin was from heme rather than 
aromatic residues. The difference in ellipticity in the 
260-mp region between the a- and 0-chains reflected a 
considerable difference in the heme environment in the 
two cases, or a difference in tightness of the attachment, 
or both. Side-chain chromophores, rather than heme, 
were found to generate the longer wavelength bands near 
280 to 290 mp. In a later paper, Javaherian and Beychok 
(165) found that binding of one hemin per apohemo- 
globulin dimer derived from horse hemoglobin caused 
restoration of the helix content, not only of the chain 
having hemin bound but almost all of the helix content 
in the other chain as well, even without occupation of 
the heme binding site of that chain. In the same paper 
they investigated the CD of hemoglobin Gun-Hill (166) 
and again found that heme is bound only to a-chains. 
Others (163, investigating the same UV region of human 
hemoglobin and its subunits, have shown that binding of 
oxygen and carbon monoxide causes large changes in 
optical rotation. The changes at 233 mp were taken to 
prove a conformational change in the protein but 
whether both chains are involved was not clear. Similar 
observations were not made with myoglobulin. Darnall 
et al. (168) have recently investigated the CD spectra of 
methemerythrin with the iron coordinated to a variety of 
ligands. They concluded that contributions in the 290-mp 
region were from tyrosine residues and from the iron 
atoms. In the peptide n-r* and T-T* region, the 
CD was similar to that of an a-helical conformation, 
and this did not change with the nature of the iron 
bound ligand or upon dissociation of the protein into 
monomers. The extrinsic spectra above 300 mp due to  
the heme binding have been well investigated by CD. 
Myer (169) found that the different oxidation states of 
the iron in heme of horse heart cytochrome-C caused 
differences in the Soret region, as well as in the aromatic 
dichroic bands, and there was an increase of all transi- 
tions in the 6 absorption region seen in the lower oxida- 
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tion states. He said that the change in the valence state 
induces significant alterations in the disymmetrical en- 
vironments of the prosthetic heme group and the aro- 
matic side chains, possibly due to the increased ligand- 
binding affinity of the ferrous state. Strickland (170) 
investigated the CD spectra of horseradish peroxidase 
complexed with its enzyme substrate compounds and 
found wavelength shifts in the Soret region similar to 
those observed by UV absorption spectrophotometry. 
In the 280-mp region the CD of the complex differed 
from the native enzyme, indicating that heme may con- 
tribute to the ultraviolet CD and that the orientation of 
an aromatic side chain may change. In the 207-222-mp 
region the CD spectrum of the protein is unchanged on 
complexing and suggests the a-helical conformation. 


Recently, Japanese workers (171, 172) found that 
oxidized cytochrome cc’ shows three types of reversible 
CD spectra in the 300-450-mp region depending on 
pH: type I (neutral), type I1 (intermediate), type 111 
(alkaline). In the reduced state it has an abnormal spec- 
trum in the pH regions of types I and 11, but it has normal 
spectrum at more alkaline pH’s. Alcohols, phenols, and 
ketones convert type I and type I1 spectra to type I11 at 
fixed pH values, and the efficiency is parallel to the 
hydrophobicity of the ligand. At pH 7.4, 25% of 2- 
propanol converts the oxidized form from the neutral 
to the alkaline type but causes no change in the far UV 
region, whereas urea at pH 7.0 causes destruction of the 
a-helix but only a slight shift to the alkaline type in the 
extrinsic regions. These observations show that a shift 
from neutral to the alkaline type is not necessarily 
accompanied by a change in the gross helical conforma- 
tion which might protect the special environment of 
the heme. Similar observations were made by Tsong and 
Sturtevant (173) using an apoenzyme from cytochrome 
bz free of flavin mononucleotide (FMN). They found a 
CD spectrum strongly dependent on the oxidation states 
of heme, and the CD spectrum below 250 mp was that 
of an a-helix and independent of the heme. When the 
enzyme was treated with FMN and Z-lactate, 80 of the 
original enzyme activity was recovered and the CD 
spectrum of the original enzyme was obtained. De- 
naturing by aging changed the CD spectra below 250 mp 
but not above. The enzyme could be partially reactivated 
to give the original CD spectra. These results suggest 
direct heme-FMN interaction is responsible for the cata- 
lytic and optical properties of cytochrome b,. Van Holde 
(174) found that the oxygenated hemocyanin gave two 
dichroic bands in the visible region; on comparison 
of this spectrum with some peptide-copper (11) com- 
plexes, he saw a similarity between the hemocyanins and 
histidine-containing peptides, suggesting that perhaps 
the histidine residues are ligands in hemocyanin. Li and 
Johnson (175) have recently measured the ORD proper- 
ties of several fetal and abnormal hemoglobins. 


The ORD of rhodopsin, before and after irradiation, 
has been measured (176) and the a-helical content 
appeared to be diminished after bleaching, and there 
was a possibility that unbleached rhodopsin also showed 
a weak Cotton effect in the visible region. Later CD 
investigations (177) confirmed the extrinsic Cotton 
effects for rhodopsin and isorhodopsin near the absorp- 
tion wavelengths of the retinal chromophore. Crescitelli 
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et aZ. (178) also observed the extrinsic CD bands with 
rhodopsin and porphyrodopsin, although they differ in 
behavior in the near UV region; the extrinsic CD bands 
disappear upon bleaching. The extrinsic CD spectra of 
squid and cattle rhodopsin (179) have been found to 
differ, probably due to the difference in protein confor- 
mation around the site of attachment of the retinal 
chromophore. Upon illumination the helical structure of 
the proteins was converted to a disordered one, and the 
retinal chromophore lost its optical activity. This change 
in protein conformation upon illumination is considered 
to be an important role in initiating the visual process. 


One of the more interesting investigations concerning 
enzymes and their substrates is the binding of flavin 
adenine dinucleotide to D-amino acid oxidase (180). 
There is a conformational change of the dinucleotide as 
a result of the binding to the apoenzyme; this is shown 
by the inversion of the dinucleotide CD spectrum as 
seen in Fig. 5 without any appreciable wavelength shift. 
Apparently the binding between the two rings is pre- 
served, but the mutual steric orientation is markedly 
changed when the nucleotide is bound to the apoenzyme. 
Other polypeptides whose interactions have been inves- 
tigated by ORD or CD include.glutamine synthetase 
(lSl), ribonuclease (182), bakers yeast l-lactate dehydro- 
genase (183), horse liver alcohol dehydrogenase (184), 
aspartate transcarbamylase (1 85), lypolydehydrogenase 
(186), glutamate dehydrogenase (187-189), pig heart 
lactate dehydrogenase (190), avidin (191), immuno- 
globulin (192), muscle phosphorylase B (193), gluta- 
mate-aspartate transaminase (194), and lipoproteins 
(195, 196). 


Sonenberg (197) has found that human growth hor- 
mone induces changes in the ellipticity of human 
erythrocyte membranes at 222 mp, observing a decrease 
in the negative band of about 3 0 x  in a phosphate 
buffer but not in water. The necessary presence of 
phosphate suggests that some organization of the mem- 
brane is necessary. Similar effects were not observed 
with bovine growth hormone, bovine serum albumin, 
bovine insulin, or cortisol. Lenard and Singer (198) had 
previously investigated the ORD and CD of red blood 
cells and found approximately one-third in the helical 
conformation and the remainder in the random coil; 
however, Urry and Ji (199) have shown that particu- 
late systems can show CD patterns characteristic of 
an a-helix and caution must be exercised in interpreting 
data from particulate systems. 


Hansch et al. (200) have correlated protein binding of 
a variety of organic compounds of miscellaneous struc- 
ture with their octanol-water partition coefficients, so 
demonstrating the nonspecific nature of the process. In 
the same paper this partition coefficient is related to the 
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protein binding and the rotation at the NaD line; how- 
ever, whether the change in rotation is due to a change 
in configuration and/or to any induced optical activity 
of the organic molecule is not apparent. 


Chignell (201-203) has studied the interaction of 
phenylbutazone and some of its analogs as well as a 
number of other anti-inflammatory substances with 
BSA and HSA and has found that many of these sub- 
stances exhibit extrinsic Cotton effects. When phenyl- 
butazone was mixed with human serum albumin, a posi- 
tive ellipticity band was generated at 287 mp. Similar 
observations were made for oxyphenbutazone and sulfa- 
pyrazone, although the rotational strengths of the latter 
substances were smaller. More polar derivatives gave 
greatly reduced rotational strengths, and the reduction 
was positively correlated with a poorer distribution of 
the polar derivatives into nonpolar media. 


Fifteen N-arylanthranilates, including flufenamic and 
meclofenamic acids as complexes with human serum 
albumin, were studied (203), and extrinsic Cotton effects 
were observed for all of them. Metachromasia was not 
observed. The binding of flufenamic acid to human, 
porcine, equine, bovine, canine, ovine, and rabbit serum 
albumins induced optical activity in all cases, but there 
were significant ellipticity differences observed and, in 
particular, a reversal of the sign of the long wavelength 
band was seen for the ovine and rabbit proteins. 


NUCLEIC ACIDS 


Acridines-Acridine binding to nucleic acids has 
been actively studied almost from the time that selective 
staining of nuclear material by dyes was observed. 
Interest stems from the function of some of these dyes 
as antibacterial agents (204) and mutagens (205, 206). 
Studies of the nucleic acid-dye complexes have involved 
most of the methods mentioned previously, and a por- 
tion of those studies has been reviewed, including some 
of the optical rotatory dispersion-circular dichroism 
work to be described (54, 207). A large proportion 
of the more recent work has been devoted to a deter- 
mination of the stoichiometry of binding as well as to 
the structure determination of the complexes 


The stoichiometry of acridine dye binding to nucleic 
acids has been studied extensively and can be expressed 
in terms of the quantity ( r )  of dye (ligand) bound per 
mole of nucleic acid phosphorus against the concentra- 
tion of free aminoacridine. The definition of r is 


where nJ is the number of P classes of binding sites (of 
intrinsic binding constant kJ)  for the ligand on the 
nucleic acid (207). If there are two classes of binding 
sites, Eq. 16 simplifies to 


and in the case of a single type of binding site, Eq. 17 
becomes 


When two or three binding sites are present, it is some- 
times possible to select certain linear portions of the 
r/c versus r plots and attribute the linear portions of 
them to specific binding sites, allowing calculation of in- 
dividual nJ’s and kJ’s. However, if the assumption of 
Langmuir-type binding (implicit in Eq. 18) does not hold 
because of cooperative phenomena in which a bound 
ligand promotes the binding of further ligands, it may 
not be possible to recognize the contribution of each 
binding site in the r/c plot. 


The binding of acridine orange to nucleic acids 
apparently involves two processes as shown by the 
curved r/c versus r plots found by Peacocke (90), a 
strong binding process (I) involving about 0.2 molecule 
of dye per nucleic acid monomer and a weaker process 
(11) with a 1 : 1 dye-monomer ratio. It has recently been 
shown (208) that the binding is adenyl or guanyl specific 
and that the weak complex (11) can be distinguished from 
the strong (I) by hot dialysis or by fluorescence spectros- 
copy (209). The weak complex dissociates at room tem- 
perature and fluoresces at 620 mp, whereas the strong 
complex is stable as high as the denaturation tempera- 
ture of DNA and fluoresces at 515 mp. 


Efforts to define the structure of the various nucleic 
acid-dye complexes were abetted when an extrinsic 
Cotton effect between 450 and 540 mp (the wavelength 
region in which DNA-bound acridine orange absorbs) 
was observed (210) (see Fig. 6). The observed finite 
rotation must have been due to asymmetric perturbation 
of the dye chromophore by the DNA, because, by itself, 
acridine orange is optically inactive. At the same time 
(210) the observation was made that heat-denatured 
DNA induced no Cotton effect in bound acridine 
orange, but later work (211, 212) using denatured calf 
thymus DNA disclosed an induced Cotton effect in the 
bound dye. In  addition, it has been shown that acridine 
orange binds to poly A, poly U, and poly C (213). 


It was further shown that proflavin displayed an 
extrinsic Cotton effect when bound to both DNA and 
RNA (214), followed by similar observations on 1,2,3,9- 
tetraaminoacridine (215). 


Given the observation of induced Cotton effects, it 
was natural to exploit the observations further as they 
held a high potential for allowing one to learn more 
about the nucleic acid-dye complexes. What follows is 
an historical account of the attempts to establish the 
structure of the previously mentioned nucleic acid-dye 
complexes by considerations of the induced optical ac- 
tivity at the absorption maxima of the dye and the depen- 
dence of that rotation on temperature, polymerldye 
ratios, pH, and ionic strength. 


The originally observed induced optical activity in 
native DNA-bound acridine orange was quite weak at 
very high polymer-to-dye ratios of around 56. As 
the P/D ratio decreased from 13 to 1 (maximum 
dye binding), a strong anomalous dispersion curve de- 
veloped at 504 mp, then gave way to a weaker Cotton 
effect at 465 mp. The observation corresponds to the 
metachromatic and hypochromic phenomena that had 
previously been observed spectroscopically. The ob- 
served optical activity was thought, at that time, to arise 
from neighboring, weakly coupled dyes in the case of 
the higher P/D ratios and to arise from bound dye- 
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aggregates (strongly coupled) in the case of the meta- 
chromatic and hypochromic spectrum at low P/D ratios. 


At about the same time, Lerman (216) studied the 
binding of several dyes (acridine orange among them) 
in terms of viscosities and sedimentation coefficients. 
The studies were done in the concentration range that 
would correspond to the high polymer/dye ratio (strong 
binding). Because of increased viscosity, a decreased 
sedimentation coefficient (reduced mass per unit poly- 
mer length) and a loss of helicity, the hypothesis was 
advanced that the complex involved intrusion (inter- 
calation) of the dye between two adjacent base pairs 
causing an extension of the sugar-phosphate backbone. 
The intercalation hypothesis was presumably supported 
by later polarized fluorescence work (217) showing that 
the dye was oriented perpendicularly to the helix axis 
and by chemical studies (218) that showed an inhibition 
of diazotization of the primary amino groups of some 
acridine dyes (proflavin but not acridine orange). The 
latter observation was a unique consequence of binding 
to DNA because other polyanions had no effect on di- 
azotization rate. 


Circular dichroism of the DNA-acridine orange 
complex (one dye molecule per base pair) under static 
and streaming conditions (145, 219) showed a strong 
positive band at higher wavelengths (505 mp) and a 
weaker negative band at shorter wavelengths (467 mp). 
These bands increased and decreased, respectively, on 
streaming, indicating that the 505-mp band is polarized 
perpendicularly to the helix axis and the 467-mp band 
is parallel polarized. 


Since the 500-mp band of the dye is a T-T* transition 
requiring a component along the long axis of the dye, 
the conclusion was reached that the molecular planes 
of the acridine orange molecules are tipped relative to 
the helix axis. It was further concluded that the sign of 
the ellipticity required a left-handed helical arrangement 
of the dyes and the best such arrangement involves bind- 
ing of the acridine ring nitrogen (conjugate acid) to the 
sugar-phosphate backbone. 


;The concentration range at which these streaming 
circular dichroism studies were run was probably in the 
intermediate range between monomer binding (strong) 
and aggregate binding (weak), however, and Blake and 
Peacocke (220) have suggested that the streaming 
measurements were made on a mixed complex, making 
the results appropriately ambiguous. 


More extensive work by Gardner and Mason (221) 
dealt specifically with the ambiguities. By measuring 
circular dichroism over a range of ionic strength, pH, 
and P/D ratios, they were able to detect three ellipticity 
bands. Two negative bands at 465 and 488 mp and 
one positive band at 505 mp were observed, and they 
had optimum intensities at P/D ratios of 3, 9, 
and 4, respectively. Only the 505- and 465-mp 
bands were observed at P/D ratios of less than 3 at 
low ionic strength and low pH, and those bands are 
diminished at large P/D ratios. The 488-mp band was 
optimum at high ionic strength, neutral pH, and a 
larger P/D ratio. The 505- and 465-mp bands were 
assigned to bound dimers, bound in the form of a 
skewed (dissymmetric) sandwich, and the 488-mp band 
was thought to arise from the bound monomer. It was 
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Figure H a )  ORD and absorption spectra of acridine orange bound 
to native DNA at low (- - -), 28.48 to 15.68 pM, and high (-1, 
85.44 10 15.68 fiM, polymer/dye ratios. The upper curve in each pair 
is the absorption spectrum. (b) C D  and absorption spectra of acridine 
orange bound to native DNA at polymerldye ratios: (-), 3 and 
(- - -), 9 and (. . .), 15. The upper curves are absorption spectra; (.--.) 
absorption spectrum of acridine orange in ethanol. Taken from 
Reference 54 with permission of Dr. J .  T.  Yang and Academic 
Press, New York, N .  Y .  


proposed that the monomer was bound only partly 
between adjacent base pairs rather than completely 
occluded (modified intercalation hypothesis) on the 
basis of the present studies and the previous streaming 
circular dichroism studies (145). 


The binding of proflavin to both DNA and RNA has 
been studied beginning with observations by Blake and 
Peacocke (222, 223). These authors studied the optical 
rotatory dispersion of proflavin bound to DNA and 
RNA in the 400-500-mp spectral range. As in the case 
of acridine orange, no optical activity was observed for 
the free dye, but a large unsymmetrical Cotton effect 
(more intense trough than peak) was observed in the 
presence of DNA and RNA. 


The proflavin-DNA complex was studied under con- 
ditions of changing ionic strength, DNA denaturation, 
and P/D ratio. Decreasing the ionic strength increased 
the extent of binding by a factor of 1.4 but increased 
the magnitude of the Cotton effect by a factor of 2. At 
all ionic strengths the magnitude of the Cotton effect 
increased linearly as the P/D ratio increased (change 
from type I1 to type I binding) to a value of about 4, 
then decreased to noise level with a further increase in 
the P/D ratio. A statistical treatment of the data indi- 
cated that only a small number of proximate dye mole- 
cules are required for the observation of optical activity, 
not an extended helical array as some workers have 
proposed in polysaccharide studies (224,225). Denatur- 
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ation of the DNA did not destroy the optical activity, 
ruling out the need for long segments of double helix 
in order to observe optical activity, another requirement 
that was thought to prevail (140). 


Because of the observation of optical activity in the 
denatured DNA complex, and because RNA is similar 
in structure to denatured DNA, optical rotation studies 
were conducted (222) on the RNA-proflavin complex 
and virtually identical observations were made. How- 
ever, whereas in the DNA system a reduction of pH to 
2.7 obliterated optical activity, which activity returned 
to higher values when the original pH was restored, the 
same pH titration in the RNA case was smoothly 
reversible from pH 7 to pH 2.7 and back to  pH 7. 


The differences between acridine orange and proflavin 
probably arise because of the much greater tendency for 
acridine orange to aggregate (226), and it was concluded 
that the “monomer” binding of acridine orange is 
identical with the strong binding of proflavin (type I, 
high P/D). Because strong binding was observed in 
denatured systems where double-helical structures are 
precluded, it was felt that the double-helical structure 
was not essential for strong binding and that instead a 
“close contact” between the dye molecules and the 
nucleic acid bases was the only requirement, leading 
only incidentally to intercalation in the double-helical 
structures. A study of the binding of proflavin to poly A 
and poly U at neutral pH, to poly A a t  acid pH, and to 
poly (A + U) led (227) to the conclusion that a relatively 
rigid conformation of the binding macromolecule is 
required for the induction of Cotton effects similar to the 
ones seen in denatured DNA systems. The observations 
that led to the conclusion were that the homopolymers 
at  neutral pH induced no optical activity in  the dye 
(even though it was bound as shown by other spectro- 
scopic criteria) whereas at  lower pH, a Cotton effect 
was induced. It was further found by a statistical treat- 
ment that interaction between as few as two ligands on 
denatured DNA and RNA was sufficient to generate 
optical activity. 


Further work on the DNA-proflavin complex (149) 
showed that the unsymmetrical long-wavelength Cotton 
effect reported by Blake and Peacocke (222) was a 
composite curve. The latter workers applied the Kronig- 
Kramers transform to ORD data obtained under con- 
ditions similar to those used by Blake and Peacocke, 
and the calculated CD curves showed the presence of 
two transitions. The presence of two transitions in the 
high wavelength region was confirmed by a CD curve 
of the proflavin-DNA complex determined by Blake and 
Peacocke (228) which showed an unsymmetrical double- 
ellipticity curve characteristic of exciton interactions 
(229-236), confirming the optical activity was a function, 
in part, of interaction between relatively small numbers 
of bound chromophores. 


Some work has been done (228) on the extent of 
acridine structure variation tolerated for the induction 
of Cotton effects by DNA and it has been found that 
1,2,3-aminoacridines are optically active at  most of the 
intrinsic ultraviolet absorption bands, but that 9-amino- 
acridine has optical activity induced only at  lower wave- 
lengths and that optical activity is not induced in the 
350-500-mp region. 


Additional conclusions outside the scope of this review 
have been reached regarding the structure of the DNA- 
dye complexes (237-239). 


Other Antibiotics-General studies of the binding 
of actinomycin D to DNA (240-243) and some re- 
lated monomeric species have revealed the following 
characteristics of the complex: (a) binding is guanine 
specific ; (b)  binding occurs adjacent to a guanyl-cytidyl 
pair; (c) binding causes helix distortion; (4 several com- 
plexes exist in equilibrium; (e) the peptide side chains 
conform to the sugar-phosphate backbone so that there 
is a high energy barrier to conformational change within 
the complex; and (f) the complexes dissociate slowly. I t  
was concluded that complexation was by intercalation. 
It has been further shown that actinomycin D is dimeric 
down to concentrations of M and that it binds to 
nucleoside species in the following order of preference: 
deoxyguanosine, guanosine, adenosine, deoxyadenosine, 
adenosine monophosphate, adenosine diphosphate, 
adenosine triphosphate, inosine, and xanthosine. 


The circular dichroism of free actinomycin D (211, 
244, 245) has been determined in both water (dimer) 
and ethanol (monomer). The water spectrum shows one 
strong negative band at  380 mp and two weaker nega- 
tive ellipticity bands between 450 and 440 mp. The 
ethanol spectrum is composed largely of one negative 
band. In  the presence of DNA (211, 245, 246) the once 
weak 440-mp band becomes strongly optically active and 
is shifted to around 460 mp. There is a concomitant 
hypochromic effect that appears in the UV spectrum of 
the complex, indicating that the changes observed in the 
inherently optically active ligand are induced as a result 
of the binding process. The question of the structure of 
the complex has not been settled although Homer (245) 
proposes that either the actinomycin D dimer is bound 
or that the monomer is bound and the metachromatic- 
hypochromic effect is the result of association between 
the antibiotic and the purine moieties of the nucleic acid. 


The cytotoxic antibiotic kanchanomycin, of unknown 
structure and possessing inherent optical activity, has 
been studied with respect to its binding to DNA, RNA, 
and synthetic polynucleotides by spectrophotometric 
methods (247) and by optical rotatory dispersion- 
circular dichroism (248). The binding process requires 
magnesium ion and, apparently, two different complexes 
are formed, an initial complex (I) that eventually re- 
arranges to a second complex (11). The initial complex 
dissociates readily when magnesium ion is removed with 
EDTA and complex I1 dissociates more slowly. Circular 
dichroism spectra of the two forms represent significant 
departures from the spectrum of the free antibiotic. The 
latter, in  the presence of magnesium ion, is composed of 
a small positive peak a t  around 405 mp and two shallow 
negative extrema at  365 and 336 mp. In the presence of 
magnesium and DNA, two extrema are apparent, a 
positive one at around 400 my and a negative one a t  
350 mp. After 20 hr., a complex, more intense 
negative band at around 375 mp appears, the spectrum 
of complex 11. Binding of kanchanomycin to poly A 
gives similar results. 


Assorted Ligands-The interaction of DNA with 
malouetine [5a-pregnan-3/3,20a-ylenebis (trimethyl- 
ammonium iodide)] and irehdiamine (pregn-5-ene- 
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36,20a-diamine) has been thoroughly studied (249) by 
following changes in the rotatory properties of the 
nucleic acid. At low ionic strength, two different com- 
plexes are formed. The first, requiring a steroid/DNA-P 
ratio of about 0.2, is characterized by enhanced thermal 
stability, increased hyperchromicity at  260 mp, and a 
shift of the long-wavelength circular dichroic band 
toward longer wavelengths with an increase in the 
rotational strength. It is thought that the disordering 
shown by the hyperchromicity is ligand-induced and 
may involve a transition of the double helical structure 
away from the /3-form (see under Optical Activity 01 
Nucleic Acids). The second complex requires a higher 
steroid/polymer ratio (greater than 0.2) and the nucleic 
acid rotatory values of this complex resemble disori- 
ented DNA. The two forms are thought to resemble 
those assumed by DNA in the presence of planar 
aromatic rings and copper (IT) ions, respectively. 


The binding of purines as well as purine and pyrimi- 
dine nucleosides has been examined by a number of 
techniques, including rotation at a single wavelength 
(250, 251); although the rotation studies do not con- 
form exactly with the subject of this review, the work is 
important and deserves mention. The interaction of poly 
U with many of the previously mentioned compounds 
has been studied. Alarge positive increase of the rotation 
at 350 mp was observed when binding occurred and it 
was found that 1 : 1 complexes that were temperature 
sensitive formed between poly U and adenosine, deoxy- 
adenosine, L-adenosine, 3-isoadenosine, 9-(y-hydroxy- 
propyl) adenine, and 9-(hydroxypentyl) adenine. No 
interaction was found for N-6-methyladenosine, N-  1- 
methyladenosine, and the nucleoside antibiotic tuber- 
cidin. 


A large number of aryl-substituted diammonium com- 
pounds have been observed to display extrinsic Cotton 
effects when bound to native and synthetic nucleic acids 
and polynucleotides (252-254) and have been adopted 
as reporter molecules utilizing CD as the spectroscopic 
probe. 


For nitroanilines of the type Ar(CH2)MN+(CH3)2- 
(CH,),N+(CH,), .2Br-, a red shift and hypochromism 
are observed for the complexed (DNA and RNA) state. 
Of further interest is the induction of a positive and a 
negative Cotton effect in the aromatic chromophore by 
RNA and DNA, respectively. The evidence seems to 
indicate a binding of the diammonium group to the 
anionic phosphate backbone and that the aryl portion 
lies in the minor groove of the helix. The origin of the 
oppositely signed Cotton effects is thought to arise from 
differential conformational preference of the 2,4-dinitro- 
aniline function, depending on the nucleic acid used. 


Polysaccharides-The original work of Stone et al. 
(71, 224, 225) on extrinsic Cotton effects in acidic poly- 
saccharide-bound dyes has been reviewed (70). Extrinsic 
Cotton effects have been observed in dyes bound to 
A-carrageenate, heparin, and the chondroitin sulfates 
(1 50). The polysaccharide-dye ORD spectra are complex 
in the region of the dye metachromatic absorption 
region. Acridine orange, methylene blue, and neutral 
red all show induced Cotton effects when bound to 
heparin and the effect disappears at high P/D ratios. At 
the time, the conclusion was reached that the effect 


arose from a helical array of dyes along the polysac- 
charide chain, but subsequent work in the nucleic acid 
series showed that a long helical array was not necessary, 
allowing other rationalizations in the polysaccharide 
area. 


More recent work (150) has shown that chondroitin 
sulfate and acridine orange form two different complexes 
(neutral pH) depending on the order of mixing. The 
induced Cotton effect was more intense when the poly- 
saccharide was added to the dye, the apparent reason 
being related to dye self-association. This order-of- 
mixing dependence disappeared at low pH. 


The binding of a number of azodyes to a-cyclodextrin 
has been studied (255) by the ORD technique and only 
congo red displayed reasonably strong extrinsic Cotton 
effects that appeared outside the rather strong positive 
background rotation of a-cyclodextrin. 


CONCLUSION 


It is apparent from the foregoing that the application 
of optical rotatory dispersion-circular dichroism to the 
study of small-molecule binding by macromolecules is 
able to provide certain specific information and is 
potentially able to provide much more. I t  is possible to 
decide when binding occurs by observing the induction 
of optical activity in symmetrical chromophores by 
asymmetrical macromolecules. Of greater interest is the 
ability to decide whether the chromophore is intimately 
involved in the binding process and how it is involved. 
Further, a determination of the effects of binding on the 
macromolecule is important. Both the latter kinds of 
information can potentially be obtained from ORD-CD 
measurements, but greater knowledge of the correlation 
between macromolecular structure and rotational data 
is needed as is a more thorough knowledge of the origin 
of the induced Cotton effect. 


A noteworthy recent development that will prove 
useful in the future, particularly in the study of ligand 
effects on macromolecular structure, is the difference 
spectropolarimetric method adopted by Adkins and 
Yang (256), a method useful in  the study of small con- 
formational changes. The method was used to estimate 
the equilibrium constant for the lysozyme-N-acetyl-~- 
glucosamine interaction. 


The interpretation of measurements made on protein 
systems, if in terms of conformational changes, must 
take into account recent precautions regarding Cotton 
effects derived from intrinsic aromatic functional groups 
as well as recent measurements (257) that reveal how 
environment alone can change the rotatory properties 
of cyclic mono- and dipeptides, compounds that are 
thought to be electronic analogs of polypeptides. The 
study of membrane-bound small molecules requires that 
particular attention be paid to the problem of artifacts 
arising from absorption, flattening, and scattering 
treated by Urry and Ji (199). 


Future studies should concentrate on the careful 
accumulation of a broader variety of good data and a 
more rigorous study of the question of optical activity 
induced by intermolecular interaction. Further, as better 
correlations between optical activity and conformation 
in macromolecular systems become available, ligand 
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effects on that conformation should be studied, perhaps 
by application of the difference technique mentioned 
previously. 
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Dissolution Rate Studies I: Design and 
Evaluation of a Continuous Flow Apparatus 


JAMES E. TINGSTAD and SIDNEY RIEGELMAN 


Abstract An apparatus for the study of dissolution rate under 
conditions of continuous flow is described. Typical data are pre- 
sented; the effect of sample size, surfactant, and flow rate on the 
dissolution behavior of prednisone powder and prednisone tablets 
is shown. The requirements of an ideal standard method for study- 
ing dissolution rates are discussed, and the major advantages of 
this method over present methods are pointed out. The method: 
(a) is more flexible, (b )  produces data in a differential form, (c) 
utilizes a small-volume system which assures greater homogeneity, 
(d) prevents excessive accumulation of solute in the system, and 
(e) provides agitation and solvent flow in a controlled, measurable, 
and physically meaningful manner. 


Keyphrases 0 Dissolution apparatusdesign, evaluation 0 Dia- 
gram4issolution apparatus 0 Prednisone-dissolution rate 
profile 0 Surfactant concentration effect-prednisone dissolution 
0 Sample size effect-prednisone dissolution 0 Flow rate effect- 
prednisone dissolution 


There is little doubt that the determination of dis- 
solution rates is an important tool in the design, evalua- 
tion, and control of solid dosage forms. Parrott et al. (1) 
has stated: “The release of a drug from the primary 
particle and its subsequent availability to the body is 
governed by the dissolution rate of the particle.” 
Nelson (2-4) also pointed to the significance of dissolu- 
tion rate in determining drug availability in his series 
of publications on the dissolution rates of weak acids 
and bases and their salts. 


For obvious reasons, it would be ideal if one rela- 
tively simple and inexpensive apparatus and method 
could be used to determine the dissolution rates of most 
drugs and drug products. However, standing in the 
way of the one-method concept is the fact that a great 
variety of factors influence the results obtained from 
dissolution rate tests. These include factors intrinsic to 
the products, such as physical-chemical properties of 
the drug and the variations in the composition of the 
formulation, and factors extrinsic to the products, 
such as the type and volume of solvent, the degree, 
type, and uniformity of agitation, the geometry of the 
container, the state of homogeneity existing in the sys- 
tem, and adsorption or adherence of the drug to solid 
surfaces of the apparatus. In light of these factors, a 
single method is feasible only if it has adequate flexi- 
bility to allow sufficient controlled variation of ex- 
perimental conditions to ensure, regardless of what 
drug is studied, that the results will reflect primarily the 
intrinsic variables rather than the extrinsic. 


Flexibility is a necessary requirement for a standard 
dissolution rate method for another important reason. 
There is presently an acknowledged scarcity of data 
showing correlation between in vitro dissolution rates 
and in v i m  absorption, but the great current interest 
and activity in this area indicate that more and more 
data will be forthcoming. As the knowledge in this 


area accumulates, problems and deficiencies in the in 
vitro methods will come to light, necessitating changes 
in equipment and procedures. The more flexible the 
standard method is, the more easily such changes can 
be made to accommodate the new findings. 


In addition to flexibility, there are two other basic re- 
quirements that a standard dissolution rate method 
should meet. I t  should yield accurate, meaningful, and 
reproducible data that can be quantitatively related to 
theoretical dissolution rate equations, and it should be 
sensitive enough to detect small differences among 
various drugs and among different formulations of the 
same drug. Unfortunately, present dissolution rate 
methods lack the necessary flexibility, their basic de- 
sign introduces far too many uncontrolled variables 
into the dissolution process, their method of agitation 
cannot be quantitatively related to dissolution rate 
equations except by including it in the constant, and 
they produce data in such a way that only gross dif- 
ferences in formulations can be detected. 


The serious deficiencies in these methods can best be 
shown by first looking at  the Noyes-Whitney equation (5) 
which, in theory, describes the dissolution process: daldt 
= KS(C, - C), where daldt is the dissolution rate ex- 
pressed as amount dissolved per unit time, Sis  the surface 
area of undissolved solute presented to the solvent, C, is 
the concentration of solute in a saturated solution, C is 
the solute concentration in the bulk of the medium at any 
time, and K is a constant dependent on a variety of 
factors including the temperature, viscosity, pH char- 
acteristics, degree of agitation of the medium, and 
the diffusion coefficient of the solute molecules. While 
numerous attempts have been made to expand this 
equation to include various additional factors (6-9), 
none of these has led to an expression which adequately 
takes into account all the variables involved. 


The dissolution process is particularly complicated 
when considering solid dosage forms. In the case of 
pure powdered drug, assuming immediate wetting, the 
surface area will continually decline as more and more 
particles dissolve. With capsules and tablets, however, 
the situation becomes more involved because, as they 
disintegrate or disperse in the medium, the amount of 
exposed surface area initially increases, going through 
a maximum and then decreasing in the conventional 
pattern. How quickly a tablet disintegrates and the 
granules and drug particles disperse depends, among 
other factors, upon the composition of the formulation, 
the amount of pressure used in compression, the 


Wagner (10) has suggested an interesting statistical approach of the 
cmpirical linearization of the dissolution data using product or log 
product, paper, which apparently takes into account the variation of 
dissolution surface area. 
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amount of entrapped air (which affects both the wetting 
and the bulk density of the particles), the volume of the 
liquid, the geometry of the container, and the degree 
and type of agitation. 


Since these systems are so variable and complex, a 
dissolution rate method which seeks to meet the re- 
quirements listed for a universal method must help 
solve, not add to, the inherent problems involved 
in studying the dissolution process. Unfortunately, 
present methods are almost exclusively based on a 
static system involving solvent present in “bulk” form; 
the system is stirred by a motor-driven propeller or wire 
mesh basket or by a rocking device, and discrete 
samples are withdrawn and analyzed at various times 
(1 1). The basic disadvantages of these methods, inherent 
in the basic design, are: (a)  a lack of flexibility, (b) a 
lack of homogeneity (caused by both the large volumes 
and agitation methods employed), (c) a variable con- 
centration gradient, ( d )  a method of agitation that is 
semiquantitative at best and relates poorly to theoretical 
dissolution rate equations, and ( e )  the data produced 
tend to obscure the details of the dissolution process. 


The inherent lack of homogeneity in these methods 
results from both the agitation methods and large 
volumes employed. Agitating the liquid by stirring with 
a wire mesh basket2 or a propeller, or by a rocking 
motion, causes a variable shear rate of transfer over the 
surface of the particles, which results in excessive varia- 
tions in their individual rates of dissolution. The move- 
ment of solvent over any particle will depend on the 
position of the particle in the vessel and the character 
of the stirring process at each position within the con- 
tainer. 


The latter varies markedly with the geometry of 
the vessel, the volume of the liquid, and the speed and 
form of motion created by the agitator. While it is 
possible to standardize many of the geometric and 
mechanical factors, nevertheless the agitation varies at 
direrent positions in the container. In addition, various 
sized granules and particles disperse differently through- 
out the system. While a tablet is disintegrating, the 
granules tend to collect at the bottom of the container, 
the remainder of the tablet is in the basket in the center 
of the system, some of the granules are stuck in the 
screen, and the fine particles are dispersed throughout 
the medium. As a result, the apparatus introduces an 
inherent variability into the dissolution process, a 
variability that is extrinsic to the product under study, 
and one which cannot be eliminated merely by stan- 
dardizing the procedure. 


The lack of homogeneity caused by the agitation 
methods could be minimized by keeping the volume of 
the system small (e.g., 50 ml. or less), but this is not 
feasible with present methods. As mentioned earlier, 
the basic equations describing the dissolution process 
include a term for concentration gradient (C,  - C),  and 
since C, remains constant, it is important that C (the 
solute concentration in the bulk of the system) be kept 
as low as possible. With the present static methods, and 
considering the low solubility of many drugs, using 


* Thisrefers to theproposed USP-NF Dissolution Test, Method1 (12). 


small volumes would result in a significant increase in 
C as the experiment progressed. 


There is another reason why it is important to keep 
C as low as possible. The ultimate objective in dissolu- 
tion rate studies is to discern dosage form effects that 
may later influence the absorption of the drug within 
the gastrointestinal tract. In the in vivo situation, the 
dissolution process most likely takes place from parti- 
cles adhering to or very near the mucosal surface. 
Therefore, the diffusional pathway to the absorption 
site is very short, and the drug molecules are almost 
instantly absorbed into what is, for all practical pur- 
poses, a perfect sink-the body fluids. Consequently, 
the chances of achieving good in vitro-in vivo correla- 
tions in this area are better if the in vitro system more 
closely approaches these perfect sink conditions. 


The need for such a perfect sink (i.e., a relatively 
large volume of solvent) necessitates using a relatively 
high rate of agitation. But studies of Levy et al. (13) 
have shown that quite often the rate of agitation must 
be kept low in order to establish meaningful in vitro-in 
vivo correlations. In addition, it is often necessary to 
use low agitation in order to detect subtle differences 
between formulations. But low agitation of a relatively 
high-volume system results in poor homogeneity, and 
the sample withdrawn for analysis might not be repre- 
sentative of the whole system. Thus, an inherent dis- 
harmony exists in these systems between the require- 
ments for homogeneity, large volumes, and low stirring 
rates. 


A further disadvantage of present methods has to 
do with the empirical nature of stirring or rocking as a 
device for ensuring homogeneity and moving solvent/ 
solute molecules. Since these agitation methods are 
empirical, they cannot be related to fundamental dis- 
solution rate equations except by including them in a 
catchall constant, which is a very superficial solution 
to the problem. This makes it critical that the various 
test systems be standardized as much as possible- 
one stirring rate, one type of container, one volume of 
solvent, etc. But this greatly reduces investigative flexi- 
bility, which is a prime requisite for a good standard 
method, as pointed out previously. Furthermore, the re- 
sults obtained with such rigid standard procedures will 
be less and less quantitative and meaningful as drugs of 
lower and lower solubility are studied, because at fixed 
volumes the concentration gradient will vary more 
significantly. And yet it is precisely these drugs that 
are often most important to study from a drug avail- 
ability standpoint. 


There is one other disadvantage of present methods 
which should be mentioned. Because they are based on a 
concept of a static fixed volume, they produce data 
expressed as an integral function. That is, since the dis- 
solved molecules are accumulating in the solution, the 
resultant data represent an integral function of the dis- 
solution process rather than a differential function. 
Thus, these methods produce average dissolution rates at 
best, and this makes it difficult to detect subtle but pos- 
sibly important differences in formulations. In other 
words, two formulations may differ significantly in their 
dissolution rate behavior ; but with present methods 
these differences would be, in effect, hidden under the 
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Figure 1-Sketch of the dissolution rate apparatus. Arrows indicate 
direction of solventflow. 


integral curve representing the accumulated drug dis- 
solved up to that time. This will become more apparent 
in viewing the following experimental results. 


In light of the serious deficiences in present methods, 
it is apparent that a new “standard” dissolution rate 
method is needed, one that: (a) has a much higher de- 
gree of flexibility, (b )  yields data in a differential form 
which can then be converted to the integral form if de- 
sired, (c)  utilizes a relatively homogeneous low-volume 
system, (d)  prevents excessive accumulations of solute 
in the system, and (e) provides solvent flow in a con- 
trolled, precise, measurable manner which can be 
mathematically related to fundamental dissolution rate 
equations. This communication describes just such an 
apparatus and method, the basic idea for which was 
first suggested by Olson (14) and subsequently in- 
vestigated by Hamlin and Rowe (15) and Langen- 
bucher (16). The apparatus described herein is very 
similar to that used by these previous workers, with 
certain modifications. 


EXPERIMENTAL 


Description of Apparatus-The apparatus is described in Fig. 1. 
The dissolution cell is a glass cylinder 6.1 cm. long, 1.9 cm. in 
diameter, and has a volume of 17 ml. This cell was constructed 
from two small-volume glass filter funnels (Millipore catalog 
number XXLO-O25.00), cut down in height and attached back to 
back. This allows use of filter membranes of sufficient retentive 
characteristics to limit the dissolution process to the dissolution 
cell and prevent solid particles from reaching the spectrophotom- 
eter. The dissolution chamber can be dismantled, cleaned, and 
dried for subsequent determinations with minimal effort. The 
pump is a centrifugal constant-capacity pump (Cole-Partner) of low 
cost. The solvent flow to the system is controlled by external valves, 
with the excess capacity of the pump being recirculated to the reser- 
voir from which the pump draws the solvent. The flowmeter is a 
Gilmont size 3 and the filters (shaded area) are standard coarse- 
porosity sintered glass. The spectrophotometer (Beckman model 


DB) has an attached recorder. The air trap prevents air bubbles 
from distorting the spectrophotometric reading. 


General Procedure-The dissolution cell and the filters are thor- 
oughly cleaned of residue from the previous run and the apparatus 
is assembled. The pump is then turned on and the entire system 
flushed with solvent until the spectrophotometric reading recedes 
to zero (a few minutes). Then the dissolution cell and the filters 
are disassembled and dried, and the sample (in these experiments, 
a tablet or weighed quantity of powder) is placed on the lower 
filter. The dissolution cell is then clamped into place and the upper 
filterpiece/air trap attached with a similar clamp. The apparatus is 
then submerged in a constant-temperature bath, including the 
flowmeter, lower filter, dissolution cell, and the lower part of the 
upper filterpiece/air trap. The solvent reservoir and as much con- 
necting tubing as possible are also in the bath. As soon as the cell 
has reached the bath temperature, the pump is turned on and the 
flow regulated to the desired flow rate, which is then held constant. 
At lower flow rates, the flow remained constant; at higher flow rates, 
occasional adjustments in the valve system were necessary to main- 
tain a constant flow rate. The air outlet, open when the pump is 
turned on, is closed as soon as the liquid level in the air trap is 
above the outlet tube to the spectrophotometer. The absorbance is 
continuously recorded on the strip chart, and the “waste” solution 
is either discarded or saved‘in an appropriate receptacle. 


For these experiments, prednisone USP3 (screened 80 mesh) 
and prednisone tablets USP, 5 mg.,* were studied using as solvents 
either distilled water or various aqueous solutions of sodium lauryl 
sulfate USP. The bath temperature was 25.0 + 0.1 ’. The absorbance 
was read at 239 mp using a 1-cm. cell and a molar absorptivity of 
15,500. In the concentration ranges studied, the Beer-Lambert law 
was found to be valid. All determinations were in duplicate. The 
following experiments were performed primarily to test the useful- 
ness of this apparatus and method. More complete and detailed 
studies, where the emphasis is on investigating the dissolution pro- 
cess rather than evaluating the method, are in progress. 


Effect of Surfactant Concentration-The dissolution behavior of a 
5-mg. sample of prednisone powder was studied using various 
concentrations of sodium lauryl sulfate in distilled water as the 
solvent. The flow rate was 20.2 ml./min. 


Effect of Sample Size-The dissolution behavior of various sized 
samples of prednisone powder (5, 10, 15, and 20 mg.) was studied 
using 0.02% w/v sodium lauryl sulfate as the solvent. The flow 
rate was 20.2 ml./min. 


Effect of Flow Rate-The dissolution behavior of 5-mg. prednisone 
tablets was studied using distilled water as the solvent and varying 
the flow rate between 10 and 54 ml./min. 


RESULTS AND DISCUSSION 


Typical dissolution curves for prednisone powder (upper plot) 
and prednisone tablets (lower plot) as re-orded on the strip chart 
are reproduced in Fig. 2. The tracings are presented for illustrative 
purposes. No quantitative comparison of the two should be made, 
since different experimental conditions were used (tablet: 5 mg. 
prednisone and water as the solvent; powder: 10 mg. prednisone 
and 0.02z sodium lauryl sulfate as the solvent; in both cases, the 
flow rate was 20.2 ml./min.). The curves rezord absorbance, but 
this is easily converted to dissolution rate (mg./min.) by converting 
absorbance to concentration (mg./ml.) and multiplying by flow 
rate (ml./min.). 


The roughness of the tablet curve, contrasted with the smooth 
curve for the powder, is not surprising, since the granules in the 
tablet do not release the drug at an even rate. Figure 2 shows that a 
very meaningful and revealing quantitative “dissolution rate pro- 
file” (a continuous tracing of the differential function) can be directly 
obtained with this method. Such a profile has obvious advantages in 
the development, evaluation, and control of solid dosage forms. 
The profile gives the formulator and the control analyst a good 
closeup view of how the tablet or capsule is performing in the 
dissolution system. 


3Supplied by The Upjohn Co.  
4 Supplied by the Pharmaceutical, Technology, Laboratory, School 


of Pharmacy, University of California, San Francisco Medical Center. 
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Figure 2-Typical dissolution rate curves for prednisone powder 
(upper plot) and prednisone tablets (lower plot) as recorded on the 
spectrophotometer strip chart. 


The tablet curve in Fig. 2 shows that a definite maximum dis- 
solution rate is reached. In these experiments the peak dissolution 
rate correlates reasonably well with the total amount of drug dis- 
solved at the end of 5 ,  10, and 15 min. The total amount of drug 
dissolved (the integral of da/dt) was obtained by cutting out and 
weighing the area under each curve. Figure 3 shows the correlation 
between peak dissolution rate and amount dissolved in the first 
15 min. in the tablet experiments. Since (as expected) the values for 
the integral were more reproducible than the peak dissolution rate, 
the area under the curve for various time periods was used in sub- 
sequent plots. 


Effect of Surfactant Concentration-W hen first working with 
prednisone powder using water as the solvent, it was observed 
that the powder agglomerated into one mass in which a consider- 
able amount of air was entrapped. The problem was greatly re- 
duced by including a surfactant in the solvent, but concentrations 
had to be kept low because of excessive foaming. Wetting was not 
complete at the highest (0.05 %) concentration employed. The 
influence of surfactant (Fig. 4) emphasizes that the dissolution 
processes (as commonly considered) is really a combination of two 
distinct processes: wetting of the solid and subsequent dissolution. 
As long as the powder is not completely wet, the effective surface 
area can be considerably less than the total surface area, because a 
significant amount of the solid is involved in solid-air and solid-solid 
interfaces rather than in a solid-liquid interface. In such cases, 
attempts should be made to wet the sample first before trying to 
perform highly definitive quantitative dissolution rate studies. 
The desirability of considering the wetting process in dissolution 
rate studies has been emphasized by Finholt (17). 


Since the amount of sodium lauryl sulfate used in the system is 
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Figure 3-Plot illustrating the correlation between peak dissohtion 
rate and amount dissolved in the first 15 min. for prednisone tablets. 


E 
4 
3 2 1.0 - 
E n 
I- 
Z 
3 
0 
I a 0.5 


0.1 - -- --- 


0 0.01 0.03 0.05 
SLS CONCENTRATION, % 


Figure &Plot showing the eflect of the sodium Iauryl suuate (SLS) 
concentration on the dissolution behavior of prednisone powder. The 
amount dissolved represents the area under the curve for the first 5 min. 


well below the critical micelle concentration (-0.273, it is likely 
that the surfactant used in these experiments had negligible effect 
on the saturation solubility of the prednisone. While surfactant 
solutions were used in studying the dissolution behavior of pred- 
nisone powder, water proved to be satisfactory for the tablets. 


Effect of Sample Size-As mentioned earlier, it is important to 
keep the concentration of dissolved drug well below saturation. 
This will depend upon the dissolution rate, the solubility of the 
drug, and the flow rate. To get some indication of the degree of 
saturation in these systems, the sample size was varied in the pred- 
nisone powder studies and its effect on dissolution rate observed. 
If the system was close to saturation, increasing the sample size 
would have only a small effect on the dissolution rate because the 
concentration gradient (C, - C) would rapidly disappear? Figure 5 
shows this effect on the total amount dissolved in 5 rnin., using sam- 
ple weight to the two-thirds power as the abscissa. While this co- 
ordinate is not entirely accurate (it assumes that the solid is com- 
posed of uniform spheres), it does suffice to show that added surface 
area does significantly increase the dissolution rate, a clear indica- 
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Figure 5-Plot illustrating 
the effect of sample size on 
the dissolution behavior of 
prednisone powder. The 
amount dissolved represents 
the area under the curve.for 
the first 5 min. 
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6 With this flow method, (Cs - C) would remain essentially constant 
using a constant surface pellet. With tablets, powders, erc., the con- 
centration gradient does not remain constant, but the continuous flow 
offresh solvent into the system will help keep the concentration gradient 
at a high level. 
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Figure 6-Plot showing the 
effect of flow rate on the dis- 
solution behavior of prednisone 
tablets. The amount dissolved 
represents the area under the 
curve for thejirst 15 min. 
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tion that the system is not close to saturation. This was confirmed 
by determining, in a separate experiment, that these systems were 
about one-tenth saturated. It should be pointed out that the flow 
rate in these studies was 20.2 ml./min. It is desirable to repeat this 
study at lower flow rates for various systems, since the lower the 
flow rate, the more critical the problem with saturation. However, 
these experiments have been deferred until more modifications have 
been made in the equipment. 


This emphasizes the flexibility inherent in this method as com- 
pared to present methods. If two drugs had widely different solu- 
bilities, present methods would dictate changing the volume of the 
system ( iz . ,  the “dissolution chamber”) and the stirring rate (to 
retain some measure of homogeneity), which would very likely 
result in a major change in many undefinable variables. With the 
authors’ flow method, drugs of different solubilities can easily be 
accommodated simply by changing the flow rate (a clearly defined 
and easily measured parameter) and the amount of solvent used; 
the size of the dissolution cell would remain the same. While it is 
true that such changes would produce some undefinable changes in 
the flow system, it is also true that such changes are very likely to 
be much less than with present systems. 


Effect of Flow Rate-As mentioned, one of the major ad- 
vantages of this method is that solvent flow around the solid 
can be carefully and quantitatively controlled. Solvent flow affects 
the dissolution process by: (a) physical abrasion of the solid, 
(6) affecting the solution concentration in the effluent, and (c) prob- 
ably reducing the diffusion layer thickness around each particle. 
Thus, flow rate, a physically relatable parameter, affects dissolution 
rate in a quantitative, definable way. Precisely what that effect is 
must await further studies, but Fig. 6 illustrates that flow rate does, 
in fact, have the expected significant effect on dissolution rate. 


While the development of this apparatus is in its initial stages, it is 
apparent that the basic design offers many advantages over present 
methods, many of which have already been discussed. The vertical 
alignment of the dissolution cell helps ensure that the liquid flow 
through the cell will be reasonably homogeneous, even when flow 
rates are very low or comparatively high. Of course, some inherent 
variation still exists in the flow method because: (a)  at times it may 
be necessary to increase flow rate to the point where the flow be- 
comes turbulent, and (b) the flow of solvent will not be exactly the 
same past each and every particle. However, it is obvious that such 
problems of deviations from ideal will be much less with a smaller, 
more homogeneous system such as the authors’ flow system. The 
small (17 ml.) volume of the system also ensures homogeneity. 
If a change of solvent pH is desired in the same experiment (simu- 
lating the in uiuo change from stomach to duodenum), this can 
quickly and easily be done by switching from one reservoir to 
another. In contrast, this would be a major problem with present 
methods. 


The number of definitive studies on the apparatus has been mini- 
mal, but even with the limited data gathered to date, several postu- 
lates arise: 


1. The ascending curve for a tablet represents the disintegration 


and dispersal processes, although they still continue after the peak 
dissolution rate is reached. 


2. At a fixed flow rate, the maximum dissolution rate and/or 
the time needed to achieve maximum dissolution rate may be useful 
parameters for comparison of tablet additives relative to the pure 
(wetted) powder. 


3. The descending curve appears to be exponential in shape and, 
therefore, it may be possible to express the slope in terms of a rate 
constant or a half-life. 


It should be emphasized that the described apparatus is a proto- 
type, and numerous improvements are both possible and probable 
as more experience is gained. For example, as Langenbucher (16) 
points out, the cross-sectional area of solvent flow is a variable that 
must be taken into account. It is also probable that the volume of the 
dissolution cell should be reduced to a minimum to optimize homo- 
geneity of the system. Fortunately, with this method, reducing system 
volume is no problem; cell size is limited only by the physical size 
of the sample and the need to keep the filters of sufficient cross- 
sectional area to avoid excessive clogging. In addition, the size 
and shape of the air trap should probably be altered toward a 
minimum size and optimum shape, because any mixing and pooling 
of solution beyond the dissolution cell tend to distort the spectro- 
photometric tracing. An inexpensive integrater can easily be at- 
tached to the spectrophotometer to obtain the integral curve as 
well as the differential tracing.6 It would be better if the solvent 
flow was electronically controlled to keep flow rate constant auto- 
matically. Finally, the system should lend itself easily to automation. 


But despite the preliminary nature of this work, there is little 
doubt that, based on theoretical considerations, and the results of 
these experiments, this method is far superior to present methods 
both for fundamental and practical studies. It is by far the best 
candidate for a “standard” method among the presently available 
procedures. Not only is it superior to present methods, but it 
possibly has the inherent flexibility that may allow it to meet, with 
appropriate modifications, most or all of the requirements listed 
for the ideal dissolution rate method. 
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6 With present dissolution rate methods, the integral curves obtained 
can be differentiated by appropriate means, but these would be -only 
average figures unless measurements were made on a continuous 
basis-and this requires a flow system. But for continuous measure- 
ment, the homogeneity of the system becomes even more critical for 
assay purposes, and it is likely that stirring rates would have to be 
increased. 


6% [7 Journal of Pharmaceutical Sciences 








Effect of Silica Gel on Stability and Biological 
Availability of Ascorbic Acid 


E. De RITTER, L. MAGID, M. OSADCA, and S. H. RUBIN 


Abstract 0 The alleged interaction of silica gel and ascorbic acid 
has been investigated in model experiments and in practical tablet 
trials, using wet granulation procedures. Tn simple mixtures stored 
for 3 weeks at 45" in closed tubes, losses of ascorbic acid increase 
progressively with increasing moisture content, whether or not 
silica gel is present, although losses are higher in the presence of 
silica gel. At an equivalent percentage of water in such mixtures, 
the amount of silica gel or the prior adsorption of 11/, times 
its weight of vitamin E on the silica gel, did not influence the 
loss of ascorbic acid. The data show that silica gel binds a certain 
fraction of the water present and that the loss of ascorbic acid is 
directly proportional to the amount of unbound water in the sys- 
tem. Sodium ascorbate is more sensitive than ascorbic acid to 
aerobic oxidation in the presence of moisture. Other commonly 
used tablet excipients, as well as silica gel, enhance losses of ascor- 
bate. However, proper technology applied to wet granulation 
procedures yields excellent recoveries and stability of ascorbic 
acid or sodium ascorbate in dried granulations and in finished 
multivitamin tablets. The human bioassay technique, in which 
extra urinary excretion of ascorbic acid after tablet dosage is com- 
pared to that after dosage of ascorbic acid in water, has been used 
to demonstrate the full physiological availability of ascorbic acid 
in the presence of silica gel. Storage of such tablets for 3 months 
at  45" did not alter the complete bioavailability of the ascorbic 
acid. 


Keyphrases 0 Ascorbic acid-stability, biological availability 0 
Stability, ascorbic acid-humidity, excipient effects 0 Silica gel 
effect-ascorbic acid stability, bioavailability 0 Moisture concentra- 
tion-ascorbic acid stability Biological availability, ascorbic 
acid-silica gel effect 


Diffuse reflectance spectroscopy has been used by 
Lach and Bornstein (1-3) to  study interactions of a 
number of drugs with various adjuvants after treat- 
ment of the mixtures by equilibration in aqueous or 
nonaqueous media, by compression, and by exposure 
to controlled humidity conditions. Such an interaction 
of ascorbic acid and silica gel has been claimed by 
Lach (4). Since silica gel is a useful adsorbent for con- 
verting liquid vitamins such as vitamin E and panthenol 
into free-flowing, dry powders, it became important to 
evaluate this alleged interaction of silica gel with 
ascorbic acid. This has been done in model experiments 
with simple mixtures and under practical conditions of 
formulating multivitamin dosage forms. In addition, 
physioIogica1 availability tests in humans have been 
utilized to  check for possible influence of silica gel con- 
tained in multivitamin tablets on the biochemical be- 
havior of ascorbic acid. 


EXPERIMENTAL 


Model Experiments-(a) Effect of Graded Moisiure Levels-Ex- 
perimental mixtures of ascorbic acid with silica gel' and with 60% 
adsorbate of d,l-a-tocopheryl acetate on silica gel were prepared 
both at normal use ratios and at an eightfold higher than normal 


~ ~ ~ ~ 


Syloid 244, W. R. Grace & Co., Davison Chemical Div., Baltimore. 
Md. 


adsorbent/vitamin ratio. Ascorbic acid alone and the various mix- 
tures were adjusted with distilled water to graded moisture levels up 
to 4Oz and stored in closed tubes for 21 days at 45". The percentage 
of water added was based in each case on the total weight of the tube 
contents, except for the vitamin E adsorbate mixtures where the 
weight of the oil phase was not included. The compositions of the 
mixtures before addition of water are shown in the legend of Fig. 1. 
Ascorbic acid was determined after storage by titration with about 
0.1 N standard iodine solution and starch indicator. 


(b) Rate of Loss ofAscorbic Acid and Sodium Ascorbaie at 45" with 
11.6% Water-The stress conditions used in Experiment (a), 
namely 3 weeks at 45" at high moisture levels, are obviously much 
more strenuous than those normally encountered in pharmaceutical 
manufacturing operations, such as wet granulation procedures, in 
which drying is completed in a much shorter period. It was of inter- 
est, therefore, to check the rate of decomposition of ascorbic acid in 
similar mixtures stored for 1,2,  and 3 days at 45 O at one of the lower 
levels of moisture, namely 11.6z.  


Ascorbic acid and the ascorbic acid plus silica gel mixture used in 
this test, when shaken with water at a concentration of about 20 mg. 
of vitamin C per ml., yielded a pH of 2.3 and 2.4, respectively. 
Sodium ascorbate with and without silica gel, at similar dilutions in 
water, gave a pH of 6.7 with silica gel and 7.2 without. The same 
stability tests were set up with sodium ascorbate with and without 
silica gel at 11.6 % water. 


(c) Effect of Orher Tablet Excipienfs-The relative effect of other 
excipients commonly used in tablets has been compared to that of 
silica gel in a test similar to that in (b). Three hundred milligrams of 
sodium ascorbate were mixed with 80 mg. of the particular excipient 
and water added to give 11.6% by weight. The mixtures were stored 
in closed tubes for 3 days at 45 O and ascorbate determined by iodine 
titration. 


Granulation and Tablet Trials-Multivitamin mixtures containing 
ascorbic acid or sodium ascorbate and silica gel adsorbates of vita- 
min E were made by wet granulation procedures with and without 
iron. To minimize exposure to moisture stress, the granulations were 
milled through a No. 6, round-hole screen to the minimum practical 
particle size and dried in layers of 1.27 cm. (0.5 in.) or less with 
rapidly moving, 45" air. Vitamin C recoveries were determined for 
the granulations and finished tablets made from these granulations, 
using iodometric titrations. Stability of vitamin C was determined 
similarly after accelerated and room temperature storage. 


Availability Studies in Men-It has been pointed out (1-3) that 
drug-adjuvant interactions possibly may result in significant altera- 
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Figure 1-Effeci ofsilica gel on stability of ascorbic acid at graded 
percent moisture levels; mixtures stored iti closed rubes for 3 weeks 
at 45'. Key: 0, 300 mg. ascorbic acid alotie; a, 300 mg. ascorbic 
acid + 80 mg. silica gel; a, 300 nzg. ascorbic acid + vitamin E 
adsorbate (80 mg. silica gel + I20 mg. d,l-a-tocoplieryl acetate); 
X ,300 nlg. uscorbic ncid + 640 mg. silicn gel. 
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Figure 2-Effect of silica gel on stability of ascorbic acid with 
graded weights of water added; mixtures stored in closed tubes for 
3 weeks at 45". Key: 0, 300 mg. ascorbic acid alone; @, 300 mg. 
ascorbic acid + 80 mg. silica gel; X, 300 mg. ascorbic acid + 640 
mg. silica gel. 


tions of the biochemical behavior of a medicament. Although such 
effects are more likely to occur at low drug to adjuvant ratios, the 
possible existence of the excipient as a chemisorbed layer on the drug 
has been mentioned as a factor that might cause similar effects at 
high drug to adjuvant ratios (2). To determine whether silica gel in a 
tablet would influence the physiological availability of ascorbic acid, 
the human bioassay technique described by Melnick et al, (9) was 
applied to several tablet formulations. In this test, comparison is 
made between the extra urinary excretion of the vitamin following 
dosage with the test sample and that following administration of the 
vitamin in pure form. 


Fivemalesubjects weresaturated with ascorbicacid by daily dosing 
with 500 mg. for 3 weeks. Dosing with test samples and standard 
was not initiated until a stable plateau had been obtained for the 
24-hr. urinary excretions following a 500-mg. dose, given after 2 days 
without dosing. Two different tablet formulations as listed in Table 
VI were tested, both containing vitamin E at a level of 30 mg. per 
tablet in the form of silica gel adsorbate. The standard dose of pure 
ascorbic acid taken in water was 450 mg. For the initial test, the dose 
taken was six tablets (453 and 466 mg. ascorbic acid for the Lot Nos. 
73-69/1 and 73-69/3, respectively). For the aged sample, seven 
tablets (430 mg. ascorbic acid) were given. 


One test was performed each week with basal urine collected on 
the day prior to taking each test dose. After dosage with ascorbic 
acid alone or in tablets, respectively, urine was collected for the 
periods 0-6 hr. and 6-24 hr., except for Dose 2 of ascorbic acid 
where only total 24-hr. collections were made. Basal urines were 
collected in each case according to the same schedule. Ascorbic acid 
in urine was determined by the dichlorophenol-indophenol-xylene 
extraction method, as previously described (10). In each case the 
extra excretion due to dose was calculated by subtracting the cor- 
responding basal excretion value from the value after dose. 


RESULTS AND DISCUSSION 


Model Experiments-Effect of Graded Moisture Leuels-The 
results of storage tests on the ascorbic acid plus silica gel mixtures at 
graded moisture levels for 3 weeks at 45" are shown in Fig. 1. 
Ascorbic acid alone shows progressively increasing storage losses 
with increasing moisture content. At low moisture levels (below 673, 
no significant difference could be determined between samples 
with or without silica gel. At higher moisture levels, the losses in- 
crease with increasing moisture content in mixtures containing 
silica gel and are higher than those found with ascorbic acid alone. It 
is noteworthy, however, that at any percentage moisture level, an 
eightfold increase in the ratio of silica gel to ascorbic acid caused no 
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Figure 3-Effect of free water level on stability of ascorbic acid in 
mixtures with or without silica gel; storage in closed tubes for 3 weeks 
at 45". Key: 0, 300 mg. ascorbic acid alone: @, 300 mg. ascorbic 
acid + 80 or 640 mg. silica gel. 


further increase in the ascorbic acid loss above that observed at the 
lower silica gel level in the 3 weeks at 45" storage tests. This lack of 
concentration effect of silica gel suggests strongly that the degra- 
dation of ascorbic acid is not due to surface interaction. Further, 
when 60 vitamin E oil was adsorbed on the silica gel, no change in 
the stability of ascorbic acid was observed. Thus is due un- 
doubtedly to the strongly hydrophilic nature of this adsorbent. 


It is of interest to  examine the data in Fig. 1 in terms of the losses 
of ascorbic acid found at equivalent weights of water in the mix- 
tures, rather than at equivalent percentages of water. This type of 
plot is given in Fig. 2. The circumstance that the higher proportion 
of silica gel exerts a protective effect indicates that some binding of 
water by the silica gel is taking place and suggests that the ascorbic 
acid losses are related to the amount of unbound or free water in the 
various mixtures. If this is true, then the equivalence of the ascorbic 
acid losses at the high and low silica gel levels at any particular per- 
centage of moisture would indicate an equivalent amount of free 
water in these two mixtures. 


Assuming that the silica gel binds water as a fixed fraction of its 
own weight at any given percentage of water, calculation has been 
made of the fraction that must be bound at both the 80 and 640-mg. 
silica gel levels in order to yield equal weights of free water at these 
two levels. A typical calculation is given below for the 25W water 
level in both mixtures, the compositions of which are as follows: (a)  
80 mg. silica gel, 300 mg. ascorbic acid, and 127 mg. water;(b) 640 mg. 
silica gel, 300 mg. ascorbic acid, and 313 mg. water. If X = bound 
water level (expressed as percent of silica gel weight) which will yield 
the same weight of free water for both mixtures, then in both cases 
the total water minus bound water = free water, and 


.I 


127 - 80 X - A == 313 - 604 X - A 100 100 


from which X = 33.2. Then milligrams of bound water are: (a )  80 X 
0.332 = 26.6 and (b)  640 X 0.332 = 212.6, and milligrams of free 
water are: (a )  127 - 26.6 = 100.4 and (b) 313 - 212.6 = 100.4. 


These percentages of bound water and the corresponding weights 
of free water at the various total water levels are listed in Table I, 
together with the respective losses of ascorbic acid taken from the 
curve in Fig. 1. Values at the lower moisture levels are not included 
in Table I since the magnitude of the ascorbic acid losses in this 
range of water content is not sharply defined, due to the difficulty 
of mixing the small quantities of water uniformly, the greater error 
inherent in the small differences in titrations before and after stor- 
age, and the possible effect in some cases of a moisture loss during 
storage. 


Table I-Effect of Moisture Content on Stability of Ascorbic Acid in Presence of Silica Gel" 


7- 80 or 640 mg. S.G.-- 7 


HzO -HzO Added, mg.- - Bound HzO Free H20, Loss 
Added, W 80 mg. S.C. 640 mg. S.G. S.G. wt., mg. A.A., Z 


25.0 127 313 3 3 . 2  100.4 3 1 . 3  
29.4 159 392 41.6 125.7 39.7 
3 3 . 3  190 470 50.0 150.0 47.0 
36.9 222 550 58.6 175.0 54.6 
40.0 254 627 66.6 200.7 62.3 


a Ascorbic acid (A.A.), 300 mg. + 80 or 640 mg. silica gel (S.G.) + indicated percent HzO-storage in closed tubes for 3 weeks at 45" 
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Figure 4-Rate of loss of vitamin C in presence of silica gel; storage 
in closed tubes at 45" with I I . 6 %  water. Key: A, 300 mg. ascorbic 
acid alone; A, 300 mg. ascorbic acid + 80 mg. silica gel; 0, 300 
mg. sodium ascorbare alone: @, 300 mg. sodium ascorbate + 80 
mg. silica gel. 


The excellent correlation between weights of free water in the mix- 
tures and losses of ascorbic acid is shown by the plot of Fig. 3. The 
losses of ascorbic acid are directly proportional to the calculated 
amounts of free water in the mixtures. For the sake of comparison, 
the data on the ascorbic acid plus water mixtures without silica gel 
are plotted in Fig. 3. The slope of the latter line is smaller than that of 
the ascorbic acid + silica gel + water mixtures. Again, in view of 
the fact that equal losses are found with a given weight of ascorbic 
acid over an eightfold range of silica gel plus bound water weights, 
it appears highly unlikely that surface reaction is a significant factor 
responsible for the higher losses of ascorbic acid in the presence of 
silica gel. It is believed more likely that trace metals such as iron and 
copper, which are present in silica gel to the extent of 110 and 1 
p.p.m., respectively, are dissolved by the water and exert their well- 
known catalytic effect on ascorbic acid decomposition in solution 
(5,  6). Trace metals in the ascorbic acid (less than 10 p.p.m.) are 
present to the same extent in the tubes with or without silica gel. 
This mode of decomposition of ascorbic acid is in contrast to that 
reported by Carstensen et al. (7) for thiamine in solid dosage forms, 
where losses occur in an adsorbed surface monolayer of thiamine 
dissolved in water. 


Rate of Loss of Ascorbic Acid and Sodium Ascorbate at 45" with 
I I .6z  Wurer-These data are shown in Fig. 4. The loss of ascorbic 
acid alone in 3 days at 45" is only about 1 %; in the mixture with 
silica gel the loss in this period is 3.6%. This small effect of silica gel 
in the 3-day test shows the same trend as described previously for the 
3-week test. 


The losses of sodium ascorbate, both with and without silica gel, 
are considerably higher than those found with ascorbic acid. This is 
to be expected in view of the fact that aerobic oxjdation of ascorbic 


Table 11-Influence of Various Excipients Plus Water on 
Stability of Sodium Ascorbate" 


Loss of 
Ascorbate, 


Excipient % 


None 14.5 
Cornstarch 16 .4  
Dicalcium phosphate anhydrous 17.7 
Dicalcium phosphate dihydrate (milled) 19.0  
Avicel 18 .3  
Silica gel 22.0  
Tricalcium phosphate 25.3 


a Excipient 80 mg. + 300 mg. sodium ascorbate + 11.6% water; 
storage for 3 days at 45". 


Table 111-Recovery of Ascorbic Acid in 
Granulation and Tablets" 


Recovery 
Theoretical, 


Vitamin Granula- 
Lot No. E,b z Excipient Added tion Tablets 


73-6911 33 Dicalcium uhosuhate 98 98 
dihydrate 


73-6913 60 Same 100 1 0 0  
73-69/5 60 Dicalcium phosphate 100 100 


anhydrous 
73-69/6 60 Tricalcium phosphate 100 99 


-Theoretical content: vitamin C = 77 mg.; vitamin E = 30 mg. 
b Adsorbate of d,l-a-tocopheryl acetate on silica gel. 


Table IV-Stability of Na Ascorbate in Granulation with 
Vitamin E Containing Silica Gel 


Na Ascorbate, Theoretical, z 
Storage Test Lot 811-58 Lot 811-59 


Initial 
3 weeks at 25" 
3 weeks at 45" 
3 weeks at 55" 


97 
98 
96 
96 


98 
96 
96 
96 


Table V-Stability of Ascorbic Acid in Coated Multivitamin 
Plus Iron Tablets 


Ascorbic Acid, Theoretical, 
Maintenance Therapeutic 


Formulab Storage Test Formulaa 


1 month at 55" 
3 months at 45" 
6 months at 37" 


12 months at 25" 


1 0 0  
100 
97 


100 


91 
94 
88 
94 


~ ~ ~~ ~~~~~ ~~~ 


a Contains 30 mg. of d,l-or-tocopheryl acetate per tablet as a 33 % 
adsorbate on silica gel. * Contains 30 mg. of d,l-a-tocopheryl acetate 
per tablet as a 60% adsorbate on silica gel; both formulas have a 
theoretical ascorbic acid content of 77 mg. per tablet. 


acid in the presence of metallic catalysts proceeds more slowly in 
acid solution than in neutral solution (8). 


Effect of Other Tablet Excipients-The losses of ascorbate in the 
presence of the various excipients at 11.6% water are listed in 
Table 11. Like silica gel, all these other excipients also increase the 
loss of ascorbate. The magnitude of the effect is undoubtedly de- 
pendent on the factors discussed above, including pH, water-binding 
capacity of the adjuvant, and trace metal content. 


Granulation and Tablet Trials-Table I11 shows the excellent 
recoveries of ascorbic acid in dried granulations properly formu- 
lated with high levels of vitamin E in the form of silica gel adsorb- 
ates. Table IV similarly shows the excellent stability of sodium 
ascorbate in two dried granulations. 


Finished tablets prepared by suitable techniques also show good 
stability of vitamin C in the presence of silica gel. This is demon- 
strated by the data in Table V on ascorbic acid stability in tablets 
prepared with 33 and 60% adsorbates of d,l-a-tocopheryl acetate on 
silica gel. 


It has long been known that the sensitivity of vitamin C to oxida- 
tion in the presence of moisture is a factor that must be considered 
in the preparation of multivitamin tablets by wet granulation 
procedures. This is true whether or not silica gel is present in the 
granulation. In granulations containing appreciable quantities of 
silica gel and/or excipients, which are also potential contributors to 
vitamin C breakdown, it is possible to obtain excellent recovery of 
either ascorbic acid or sodium ascorbate by suitable wet granulation 
procedures. However, it is essential that the moisture level be held to 
the minimum level for effective granulation and that drying be car- 
ried out promptly and efficiently. 


Table VI-Physiological Availability of Ascorbic Acid from 
Tablets Containing Silica Gel-24-hr. Test 


-Dose (about 450 mg.) Excreted, %- 
Multivitamin Tablets, Vitamin 


E, 30 mg. 
Lot No. 


Standard (60% E 


Dose Dose (33 E Adsorbate) sotbate) 


-- 


73-69/3 


Ascorbic Acid Lot NO. 73-69/1 Ad- 


Subject 1 2 Initial 3 rno./45" Initial 


BM 45 28 33 32 25 
MO 52 57 36 37 46 
RG 24 34 41 36 51 
JS 39 40 41 53 41 
ED 38 36 43 46 39 
Average 39.3 38.3 40.8 40 .4  
Availability +SE,  % 99 i 9 103 4~ 14 1 0 4 f  13 
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Table VII-Physiological Availability of Ascorbic Acid from 
Tablets Containing Silica Gel-6-hr. Test 


-Dose (about 450 mg.) Excreted, %-- 
Lot No. 
73-6913 


Standard Lot NO. 73-69/1 (60% E 
Ascorbic (33 E Adsorbate) Adsorbate) 


Subject Acid Initial 3 mo./45' Initial 


BM 28 27 27 17 


Average 26.0 28.0 27.2 26.8 
Availability +SE,  108 f 13 105 2r 11 103 i 17 


Experiences with wet granulation formulations containing as- 
corbic acid or sodium ascorbate indicate that excellent stability can 
be achieved if the wet granulation is dried to about 10% moisture 
within a few hours and to the final, low moisture content within 24 
hr. 


Order of mixing of ingredients and especially the mode of addition 
of water can be important. The vitamin C stability may be influenced 
by the presence of adsorbents that bind water or soluble ingredients 
that serve as emulsifiers or influence the solubility or reactivity of 
vitamin C. 


Availability Studies in Men-The results of bioavailability tests in 
men of ascorbic acid in tablets containing silica gel have been cal- 
culated on the basis of 24-hr. excretions of test doses. These results 
are summarized in Table VI. Both lots of tablets show complete 
bioavailability of the ascorbic acid, and this was not changed by 
storage for 3 months at 45". In order to provide information on 
the question of whether or not silica gel reduces the rate of absorp- 


tion of ascorbic acid in uivo, calculations of physiological avail- 
ability also were made on the basis of urinary excretions in the first 6 
hr. after dose, These data are given in Table VII. Again, the results 
show complete availability of ascorbic acid in all three tablet trials, 
indicating that the ascorbic acid is absorbed normally in the pres- 
ence of silica gel. 
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Interfacial Barriers in Interphase Transport 11: 
Influence of Additives upon the Transport of Diethylphthalate 
Across the Hexadecane-Gelatin-Water Interface 


ABDEL-HALIM GHANEM, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract [7 The authors recently described a novel method for in- 
vestigating the effects of an interfacial barrier in interphase trans- 
port. The procedures, both theoretical and experimental, were ap- 
plied to the study of the effects of an adsorbed gelatin at the hexa- 
decane-water interface upon the transport of diethylphthalate be- 
tween the two phases. The present paper describes the influences of 
surfactants, electrolyte type, and concentration upon the perme- 
ability coefficient for the interfacial barrier. Experiments were con- 
ducted as before, employing diethylphthalate as the solute. The 
transport data were analyzed by the physical model described 
earlier. The results showed that the two ionic surfactants, sodium 
Lauryl sulfate and dodecylpyridinium chloride, markedly decreased 
(2 to 12 times) the interfacial barrier even at low concentration 


(0.00-0.10% in the stock emulsion). Furthermore, the analysis 
showed that neither the electrolyte type nor concentration influ- 
enced the permeability coefficients, although they significantly 
altered the interphase transport rates themselves by changing the 
partition coefficients. These findings are particularly interesting as 
they may represent types of nonspecific situations that give rise to  
important barriers in in vivo drug transport. 
Keyphrases Transport, interphase-interfacial barriers Di- 
ethylphthalate transport-hexadecane-gelatin-water interface 0 
Electrolyte effect-diethylphthalate transport, hexadecane-gelatin- 
water interface Surfactant effect-diethylphthalate transport, 
hexadecane-gelatin-water interface 0 Permeability coefficients, in- 
terfacial barriers-surfactant, electrolyte type, concentration effect. 


Recent studies from these laboratories (1,2) involving sorbed at  the hexadecane-water interface has been 
the use of a novel method for investigating interfacial shown (1) to give an interphase transport rate for 
barriers in interphase transport have shown that sub- diethylphthalate that is about 1 X lo4 times slower than 
stances adsorbed at the oil-water interface may control diffusion controlled. A significant reduction in the 
the interphase transport rates of solutes. Gelatin ad- aqueous to lipid transport rate of cholesterol by an 
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RESEARCH A R T I C L E S  


19-Norsteroids of Unnatural Configuration from Ergosterol 


AHMED H. ElMASRY and OLE GISVOLD 


Abstract 0 A new method for the preparation of a 19-norsteroid 
of unnatural configuration from ergosterol has been described. 
This method led to the preparation of 5a,8a,9aY,1Oa-19-norpregnan- 
3,20-dione which possesses unnatural configuration at positions 8 
and 10. The following reaction sequence was utilized to prepare 
this steroid. Ergosterol was photo-oxidized to give bisergostatrienol 
that was pyrolyzed to yield neoergosterol whose side chain was 
cleaved by ozonolysis to yield 3p-hydroxy-19-norpregna-5,7,9( 10)- 
20a-aldehyde. This aldehyde, for the first time obtained in a crys- 
talline state, was degraded uia ozonolysis of the 3p-hydroxy-20- 
morpholino-methylene-l9-norpregna-5,7,9(1O)-triene derivative to 
give 3p-hydroxy-l9-norpregna-5,7,9( 10)-triene-20-one. The latter 
was reduced to the corresponding diol with Ru/carbon, and its 
Ring B in turn successfully hydrogenated in cyclohexane with 
Rh/alumina as the catalyst. The diol was oxidized to the diketone 
with the Jones reagent. Although some of the above transformations 
previously have been recorded, this report describes marked im- 
provements in the techniques and yields of most of the intermedi- 
ates. 


Keyphrases 0 19-Norsteroids, unnatural configuration-synthesis 
0 Ergosterol-19-norsteroid synthesis 0 IR spectrophotometry- 
structure 0 NMR spectroscopy-identity 0 Polarimetry-identity 
0 Optical rotatory dispersion-identity 


It is well established that progesterone (I), the natu- 
rally occurring progestin, possesses a wide range of 
biological activities together with other metabolic ef- 
fects when administered parenterally (1). Via the oral 
route, however, it is essentially inactive. Ehrenstein's 
multistep transformation of strophanthidin (11) ( 2 )  
to yield 14/3,17a-19-norprogesterone (111) gave an op- 
portunity to study the biological activity of a 19-nor- 
steroid (3). It also gave an opportunity to study struc- 
ture-activity relationships in the progestins that had 
certain unnatural configurations. In the case of proges- 
terone (I), it has been shown that inversion of con- 
figuration at (2-17 (from p to a), or at C-14 (from a to p), 
or at both centers destroys the biological activity, while 
inverting the configuration at C-8 (from p to a)  only 
reduces it (4). However, activity is retained by inversion 
of the configuration at C-10 to l0a-progesterone;l also, 
double inversion at both C-9 and C-10 gives retro- 
progesterone (9P,lOa-progesterone) whose progesta- 
tional activities are more potent than progesterone (5 ) .  


In the case of 19-norprogesterone (IV), which is orally 
active, inversion at either C-17, C-14, or C-8 provides 
progestational agents of high order of activity (2,4,6). 


It is evident that progestational activity has been 
retained in progestins that have an unnatural configura- 


1 Cited as footnote 5 in J .  Amer. Chem. Soc., 88, 4538(1966) by M. 
Uskokovic et al. that in Belgian Patent 634,693 (1964), Ciba, 1Oa- 
progesterone was reported to be a progestational agent. 


I , R = C H ,  
I V , R = H  
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tion at C-8 or C-10. Also, loss of the C-19 methyl 
group exerts a favorable biological effect which is 
great enough to overcome the unfavorable changes in 
14& l7a-progesterone (inactive). Thus, 14p, 17a-19-nor- 
progesterone (111) is 8 times as active as progesterone 
(1) (7). Therefore, the preparation and testing of proges- 
tins and 19-norprogestins that have other multiple 
unnatural configurational centers are of considerable 
interest. One of these is 8a,lOa-19-norprogesterone (V). 


A key intermediate for the preparation of this isomer 
of 19-norprogesterone is the 5a,Sa,9a,lOa-19-nor- 
pregnan-3,20-dione (VI). This article describes the 
transformation of ergosterol (VII), via neoergosterol 
(IX)-a Ring B aromatic sterol (8), to  the key inter- 
mediate (VI) possessing the unnatural configuration at 
C-8 and C-lo2 (Scheme I). 


Ergosterol (VII) was chosen as the most suitable 
starting sterol because the presence of a double bond in 
the side chain would permit its degradation by suitable 
techniques to the C-17 methyl ketone found in the 
pregnane series. Also the presence of the diene system 
in Ring B enables one to prepare 19-nor Ring B aro- 
matic steroids via a previously known method (8). 
This route of partial synthesis was preferred over a 
totally synthetic one because, generally, the former 
would lead to a pure d-enantiorner which is twice as 
active biologically as the racemic (dl-) form expected 
from the latter (9). 


2 The transformation of 5a,8aY,9a,10a-19-norpregnan-3,20-dione 
(VI) to 8a, l0a-19-norprogesterone (V), with the biological results, will 
be the subject of a forthcoming communication. 
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DISCUSSION 


Preparation of Neoergosterol-Ergosterol NII)  (Scheme I) was 
photo-oxidized with white light in the presence of eosin Y as a 
sensitizer by a modification of the method of Mosettig and Scheer 
(8). The time of exposure to the light was increased from 48 to  72 
hr., and also a more diluted solution was used to effect better ex- 
posure of ergosterol and eosin to the light. This was necessary 
because as bisergostatrienol (VIIIa) was formed, it produced a dense 
white flocculent precipitate. In this way, bisergostatrienol (VIIIa) 
was obtained in an average yield of 90-967,. Decomposing bisergo- 
statrienol by refluxing in diethylene glycol monoethyl ether (Car- 
bitol) afforded neoergosterol (IX) in 33 % yield. Realizing that such 
a low yield for the second step in the synthesis might mitigate its 
practical aspects, it was decided to  investigate possible variations 
in this step to increase the yield of neoergosterol. It was reported 
that pyrolysis of the acetates of these biscompounds affords the 
Ring B aromatic sterol acetates in 50% yield (8). However, the 
preparation of the acetate of bisergostatrienol requires large volumes 
of pyridine (1/180) and a reaction period of 1 week (lo), which 
gave 80% yield. Because protection of the alcohol group had a cer- 
tain advantage in the pyrolysis step, another method to protect 
this group, such as the trimethylsilylation method, was sought. 
Bisergostatrienol (VIIIa) was silylated with bis-(trimethylsily1)- 
acetamide (1 1) by refluxing in benzene under anhydrous conditions. 
The corresponding bis-(trimethylsi1yl)-ether derivative (VIIIb) was 
obtained in 95% yield. Decomposition of this silyl ether derivative 
by refluxing in diethylene glycol diethyl ether (Diethyl Carbitol) and 
by treating the reaction mixture with water and a small amount of 
ptoluenesulfonic acid, to cleave the silyl ether, afforded neoergo- 
sterol (IX) in 50% yield. 


Degradation of the Side Chain of Neoergosterol-Prior to these 
studies, neoergosterol (IX) was subjected to  ozonolysis conditions 
in carbon tetrachloride, or to the action of osmium tetroxide 
followed by periodate cleavage in methanol and acid hydrolysis 
of the resulting acetal (12). The aldehyde (XIV) obtained in both 
cases was an oil characterized as the 2,4-dinitrophenylhydrazone. 
Other investigators (13) ozonized neoergosterol in a mixture of 
chloroform and acetic acid and purified the crude product by 
separation of the aldehyde (XIV) with sodium bisulfite. However, 
no physical data for this aldehyde were reported. Because both 
ozone and osmium tetroxide cleavage methods did not lead to  the 
separation of a characterizable aldehyde, a different method was 
sought. Neoergosterol (IX) (Scheme 11) was treated with m- 
chloroperbenzoic acid in a mixture of chloroform and benzene 
at room temperature. The epoxides (X) (mixture of two possible 
isomers) were obtained by direct crystallization in 90% yield. 
Opening of the epoxide was accomplished by perchloric acid at the 
reflux temperature of aqueous acetone. The triols (XI) (two 
erythro isomers) were obtained in 70% yield. Fieser (14) reacted 
cholesterol with formic acid and hydrogen peroxide where 3/3,5~~,6@- 
cholestatriol was obtained in 91 % yield. This method was applied on 
neoergosterol hoping to obtain the triol (XI) in an overall yield 
higher than in the route via epoxide formation and perchloric acid 
cleavage. However, the epoxide (X) was obtained instead, in about 
70% yield. Furthermore, the epoxide (X) proved very resistant to 
cleavage with hot formic acid. Cleavage of the triol (XI) with 
periodic acid (15) in methanol afforded the dimethyl acetal (XIT) 
in 95% yield, identical with that previously prepared (12). This 
indicated that the erythro diol structure underwent the periodate 
cleavage as readily as the threo isomer. Cleavage with periodic acid 
in aqueous methanol gave the hemiacetal (XIII) as a crystalline 
compound in high yields. A similar hemiacetal of a C-22 steroidal 
aldehyde has been reported to be formed under comparable condi- 
tions (16). Acetic acid hydrolysis of either the acetal (XU) or the 
hemiacetal (XIII) in aqueous dioxane gave the aldehyde (XIV) 
but as a semisolid material. All attempts to induce it to crystallize 
were unsuccessful; however, it exhibited one spot on TLC using 
different solvent systems. It showed the characteristic bands for 
aldehydes in the infrared and gave the reported (12) 2,4-dinitro- 
phenylhydrazone. Cleavage of the triol (XI) with periodic acid in 
aqueous dioxane gave the aldehyde (XIV), again as an oil possessing 
the same properties as the one prepared by hydrolysis of the ace- 
tals. 


These unsuccessful trials in obtaining the aldehyde (XIV) in a 
pure form prompted a reinvestigation of the ozonolysis of neoer- 
gosterol (IX). Slomp (17) has found that methylene chloride is a 
superior solvent for ozonolysis studies, and that the presence of 
pyridine, on a mole for mole basis, favors the selective ozonolysis 
of isolated double bonds over the conjugated ones. It also was 
reported (18) that a 27, KI solution could be used to determine 
accurately the cessation of the consumption of ozone by the double 
bond of isosafrol. A distinct yellow color appears in the KI solution 
after the reaction of ozone with the double bond has occurred and 
before ozone attacks the benzene ring. These conditions were 
applied to the ozonolysis of neoergosterol (IX) which was conducted 
in methylene chloride at -50" using one equivalent of pyridine. 
The pure crystalline aldehyde (XIV) was isolated in 92% yield. 
It was found that both the rate of passing ozone through the reac- 
tion and the rate of stirring affect the detection of a correct end- 
point in the KI solution. Details are included in the experimental 
part. 


Treatment of the aldehyde (XIV) with morpholine in the presence 
of a catalytic amount of p-toluenesulfonic acid at the reflux tem- 
perature of benzene afforded the enamine (XV). Molecular sieve 
also was used to absorb the water formed during the reaction. 


Oxidation of the enamine (XV) with chromic acid in pyridine 
by the method of Elks (13) afforded, after chromatographic puri- 
fication and Girard's separation, the C-20 keto compound (XVI) 
in 20% yield. Such a low yield, together with the successful result 
of the ozonolysis of neoergosterol (IX), prompted an investigation 
of the ozonolysis of this enamine. Ozonolysis of the enamine (XV) 
in methylene chloride at -78" afforded the ketone (XVI), after 
Girard's separation, in about 407, yield. When pyridine was present, 
on a mole for mole basis, the ketone (XVI) was obtained in 55% 
yield. The uptake of ozone was only half of that when pyridine was 
absent. Greenwood and Rubinstein (19) have found that ether had 
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some advantages over methylene chloride in increasing the yields 
of aldehydes and ozonides, while minimizing the formation of other 
side reactions, during ozonolysis of certain alkenes. Also, raising the 
temperature of the reaction had a similar effect. Therefore, the 
enamine (XV) was ozonized in ether at -30" in the presence of 1 
mole of pyridine. The ketone (XVI) was obtained in 73% yield 
after the usual Girard's separation process. 


Hydrogenation Studies-For the conversion of the ketone (XVI) 
to the key intermediate 5a,8a,9a,lOa-19-norpregnan-3,20-dione 
(VI), the aromatic Ring B must be reduced by suitable methods. 
The assignment of the a-configuration at positions 5,  8, 9, and 10 
as a result of catalytic reduction methods arises from the fact that 
the &side of the molecule of the Ring B aromatic steroids is con- 
siderably hindered by the C-18 angular methyl group. This will 
require that the catalyst approaches the molecule from the less 
hindered side, the a-side. This is further supported by the report of 
Farkas and Rapala (20) who found that hydrogenation of equilenin 
and neoergosterol over ruthenium afforded 40% yield of 5a,8a,9a, 
lOa-estrane-3P,l7@-diol and 19-nor-24-methyl-5a,8a,9a,lOa-chole- 
stan-3P-01 in 10% yield, respectively. This denotes that such hydro- 
genations are from the a-side. 


Two model compounds (Scheme HI), 1,2,3,4,5,6,7,8-octahydro- 
phenanthrene (XVII) and 1,2,3,4-tetrahydro-/3-naphthol (XVIII), 
were sele2ted for catalytic hydrogenation studies. Both are related 
in structure to the ketone (XVI) in that the former possesses the 
carbon skeleton of Rings A, B, and C and the latter contains Rings 
A and B. It is reasonable to assume that conditions needed to 
hydrogenate these two compounds should be of value in designing 
experiments to reduce dihydroneoergosterol (XXI) and then the 
ketone (XVI) with a minimum of undesirable side reactions. Hydro- 


genation of the octahydrophenanthrene (XVII) in ethanol con- 
taining 1 acetic acid over Rh/alumina at room temperature and 
60 p s i .  proceeded smoothly to provide the cis-syn-cis-perhydro- 
phenanthrene (XIX) in excellent yields. The reduction of this com- 
pound was previously reported to occur only at 240" and 200 
atmospheric pressures over Raney Ni (21). Reduction of 1,2,3,4- 
tetrahydro-&naphthol (XVIII) in the same solvent system and under 
the same conditions afforded cis,cis-2-decalol in about 80% yield. 
Dihydroneoergosterol (XXI) was obtained in 80 % yield by hydro- 
genating neoergosterol (IX) over Adam's catalyst. When dihydro- 
neoergosterol (XXI) was subjected to the hydrogenation conditions 
used for the octahydrophenanthrene (XVII), the hydro:arbon 
(XXII) was obtained in about 90% yield, indicating complete 
hydrogenolysis of the hydroxyl group. Even when a hydrogen 
pressure of 250 p s i .  was applied, reduction of this hydrocarbon 
went very slowly. However, when the amount of catalyst was in- 
creased to 10 times that needed to reduce an equimolar amount of 
octahydrophenanthrene (XVII), reduction went at the usual rate at 
room temperature and 60 p.s.i. The hydrocarbon (XXIII) was 
obtained in about 90% yield. The successful hydrogenation of the 
aromatic B Ring without hydrogenolysis of the hydroxyl group at 
C-3 is of prime importance to prepare ultimately the key inter- 
mediate (VI). Different forms of the oxygen function were prepared 
in order to prevent hydrogenolysis during the reduction reaction. 
Hydrogenation of neoergosteryl acetate (XXIV) afforded, as a 
final product, the hydrocarbon (XXIII), with the aromatic com- 
pound (XXII) as the intermediate product of hydrogenation. 


Dihydroneoergosterol (XXI) was treated with dihydropyran 
according to the method of Petersen and Gisvold (22) where the 
tetrahydropyranyl ether (XXV) was obtained. Hydrogenation of 
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this derivative did not proceed under the previously employed 
conditions. Even when the amount of catalyst was increased to 
twice that needed to reduce neoergosteryl acetate and the reaction 
mixture shaken for 2 days, the tetrahydropyranyl ether derivative 
(XXV) was recovered unchanged. Because the effectiveness of 
rhodium in hydrogenating ketones is not conclusive (23), it was 
thought that hydrogenating dihydroneoergosterone (XXVII) might 
proceed by reducing the aromatic ring with the preservation of the 
oxygen function at G 3 .  To prepare dihydroneoergosterone (XXVII) 
with a minimum of by-products, preliminary studies were performed 
on 1,2,3,4-tetrahydro-P-naphthoI (XVIII). Oxidation with r-butyl 
hypochlorite (24) afforded the ketone (XXVI) in 90% yield. Oxida- 
tion with dimethyl sulfoxide by the method of Pfitzner and Moffatt 
(25) afforded the ketone (XXVI) in 85 % yield. The DMSO method 
proved more fruitful than rerf-butyl hypochlorite in oxidizing dihy- 
droneoergosterol, and the ketone (XXVII) was obtained, after purifi- 
cation through Girard's separation, in 75 yield. Hydrogenation of 
this ketone at room temperature and under ordinary pressures 
over Rh/alumina proved very difficult, and practically no noticeable 
absorption of hydrogen occurred during a period of 32 hr. The 
ketone was recovered from the reaction. via the use of Girard's 


reagent, in 50% yield. No other substances could be separated 
from the nonketonic fraction. 


In a study of the factors affecting hydrogenation and those 
favoring hydrogenation over hydrogenolysis, Nishimura (26) 
reported the usefulness of thecatalyst rhodiumoxide-platinum oxide 
(7 : 3) in hydrogenations where hydrogenolysis is to be avoided. 
The catalyst consists of rhodium oxide and platinum oxide in a 
7 : 3 ratio by weights of the metals. When this catalyst was employed 
in the hydrogenation of 1,2,3,4-tetrahydro-P-naphthol (XVIII), 
dihydroneoergosterol (XXI), neoergosteryl acetate (XXIV), the 
tetrahydropyranyl ether of dihydroneoergosterol (XXV), and the 
ketone (XXVII), results similar to those with Rh/alumina reduc- 
tions were obtained. Nishimura also reported that the hydrogenol- 
ysis reaction is acid-catalyzed. Therefore, the amount of acetic acid 
(1 %) used in the hydrogenation of dihydroneoergosterol (XXI) 
was decreased gradually in an attempt to favor hydrogenation over 
hydrogenolysis. At a concentration of 0.1 %, neither hydrogenation 
nor hydrogenolysis occurred. With a gradual increase in the amount 
of acid, very slow absorption of hydrogen occurred which was due 
chiefly to hydrogenolysis. This was found to be the case with either 
Rh/alumina or Rh-Pt oxides (7:3) as the catalyst. 
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These unsuccessful results prompted the investigation of other 
factors, such as the solvent effect, influencing the extents of hydro- 
genation and hydrogenolysis reactions. Kindler and Blaas (27) 
hydrogenated benzoylcarbinyl acetate (XXVIII) over palladium 
in different solvents. They found that by using an oxygenated 
solvent such as methanol, dioxane, ethyl acetate, or acetic acid, 2 
moles of hydrogen were absorbed and XXIX was obtained in 
7&80% yield. However, when a nonoxygenated solvent such as 
cyclohexane, benzene, or toluene was used, reduction ceased after 
absorption of 1 mole of hydrogen and XXX was the main 
product formed. A similar effect was also found in the hydrogena- 
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tion of 4-chloro- or 4-bromo-2-allylpheno1 (28). Reduction of the 
double bond in oxygenated solvents results in appreciable loss of 
the halogen; while if benzene or cyclohexane is used, elimination 
of the halogen does not occur. Woodward et al., in their total syn- 
thesis of the steroids (29), obtained the glycol (XXXI) as one of the 
intermediates. Hydrogenation of this glycol, or its acetate or the ace- 
tonide, over supported Pd in alcohol or ethyl acetate did not cease 
with the absorption of 1 mole of hydrogen. But, if the reduction 
was arbitrarily stopped at that point, mixturesofthestartingmaterial 
product of reduction of the disubstituted double bond (XXXIII), 
and products of reduction of both double bonds (XXXII) were 
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obtained. When the hydrogenation of XXXI was allowed to 
proceed to completion, 2 moles of hydrogen were absorbed, giving a 
complicated mixture of stereoisomeric saturated keto compounds 
(XXXII). They found that by changing the solvent to benzene, 
hydrogenation of XXXI, or its diacetate or the acetonide, stopped 
completely after absorption of 1 mole of hydrogen to furnish 
the corresponding monounsaturated compound (XXXIII) in 
excellent yields. Therefore, cyclohexane was chosen as the solvent 
for the reduction of Ring B of the aromatic ketone (XVI). 


Hydrogenation of the ketone (XVI) over Rh/alumina in cyclo- 
hexane did not proceed even at 1400 p.s.i. hydrogen pressure and 
the ketone was recovered unchanged (Scheme IV). This ketone was 
hydrogenated in 65% ethanol at room temperature and 60 p s i .  
over Ru/carbon where 1 mole of hydrogen was absorbed in 2 days. 
The diols (XXXIV) (mixture of 20a- and 208-) were obtained 
in 85% yield. When the reduction was conducted in the same way 
except under 1200 p.s.i., 10 hr. was enough to afford the diols in the 
same yield. Hydrogenation of this aromatic diol over Rhlalumina 
in cyclohexane at room temperature and 1400 p.s.i. for 12 hr. 
afforded the aliphatic diol (XXXV) in 85 % yield. The crude reaction 
product gave a negative tetranitromethane test, indicating the 
absence of a double bond (30). The IR spectrum of the diol (XXXV) 
showed the presence of strong OH and C-0 stretching vibrations, 
absence of the phenyl C=C stretching, and the out of plane aro- 
matic C-H bending. NMR spectrum of the crude reaction product 
showed no aromatic or olefin protons and also the absence of allylic 
protons at 1.85-2.20 6. By integration it showed the presence of a 
multiplet of two protons centering at 3.67 6 corresponding to 
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the two protons at C-3 and C-20. By deuterium exchange there was a 
decrease of two protons in the total value of the integration. This 
indicates that the hydrogenation of the benzene ring of the aromatic 
diol (XXXIV) in cyclohexane did not cause hydrogenolysis of the 
C-3 hydroxyl group. 


Oxidation of the diol (XXXV) with Jones reagent (31) in acetone 
afforded the diket one 5a ,8a ,9a, 1 Oa- 19-norpregnan- 3,20-dione 
(VI) in 90 % yield. 


Since this compound contains two carbonyl groups not interacting 
with each other,itsrotatorydispersioncurveshould bethesummation 
of the RD curves of the two separate carbonyl groups (32). How- 
ever, the specific rotation at the peak (313 mp) is +2566" (a value 
of about f3300" was expected). This order of rotation could be 
accounted for through the contribution of the 17P-methyl ketone 
alone, which would indicate that no contribution, or a weak posi- 
tive Cotton effect, is provided by the 3-keto group. A careful ex- 
amination of a conformational model of VI in its octant projec- 
tion would indicate that a positive contribution can be attributed 
to C-6. Carbon atoms 7 and 8 lying in the horizontal B plane of the 
octant rule (32) will make no substantial contribution. Carbon 
atoms 13, 14, 15, 16, 17, and 18 will appear in the lower-left octant 
and hence will make a negative contribution. These carbon atoms, 
being more distant from the keto group than C-6 is, will have a 
smaller influence. Therefore, a resultant weak positive Cotton effect 
might be obtained for the C-3 keto group, which in turn might ex- 
plain the RD curve of the diketone (VI). 


EXPERIMENTAL 


All melting points were determined in capillary tubes in a Thomas- 
Hoover melting point apparatus and are uncorrected. Optical 
rotations were obtained using a Perkin-Elmer 114 polarimeter, with 
a 1-dm. cell at 22" in chloroform. Microanalyses were performed by 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y .  IR 
spectra (KBr pellets) were determined on a Perkin-Elmer 237B 
grating IR spectrophotometer. NMR spectra3 were recorded on a 


SThe authors are grateful to Daniel A. Koechel and Thomas N. 
Riley for preparing the NMR spectra and the ORD curves, respec- 
tively. 
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Varian Associates A-60D spectrometer using concentrations of 
about 10 and tetramethylsilane as the internal reference standard. 
ORD curves were determined with a Cary recording spectro- 
polarimeter model 60, using a 1-cm. cell at 25 '. Hydrogenations at 
ordinary pressures were done in a Parr low-pressure hydrogena- 
tion apparatus (Pan Instrument Co., Moline, Ill.). Hydrogenations 
at high pressures were carried out in an autoclave (Autoclave Engi- 
neers Inc., Erie, Pa.), and the hydrogenation mixture was stirred 
magnetically at 500-600 r.p.m. Supported rhodium or ruthenium 
catalysts ( 5  %) were purchased from Engelhard Industries, Inc., 
Newark, N. J. 


Bisergostatrienol (V1IIa)-The photo-oxidation apparatus con- 
sisted of four horizontally fixed, 32-w. white circular fluorescent 
lamps, with a minimum space between lamps, and enclosed with a re- 
flecting shield of highly polished white interior. The reaction vessel, 
usually a suitably sized round-bottom flask fitted with a reflux con- 
denser and an efficient stirrer, was placed in the center of the circle of 
lamps. Fifty grams of Eosin Y4 was dissolved in 1500 ml. of ethanol. 
To this solution, 3.84 ml. of concentrated sulfuric acid (sp. gr. 
1.84) was added slowly and with stirring to liberate the free acid. 
The solution was filtered from the formed sodium sulfate. After 
bubbling nitrogen through the solution for 30 min., 750 ml. of 
tetrahydrofuran (THF) (previously passed through activated 
alumina column to decompose the peroxides) and 50 g. of ergos- 
tero15 were added in the dark. The mixture was stirred and irradi- 
ated with the white light for 72 hr. under a nitrogen atmosphere. 
During the reaction time, bisergostatrienol prezipitated as dense 
fine white needles. The mixture was diluted with 4.3 1. of ethanol 
and the THF was allowed to  evaporate spontaneously under the 
hood overnight. The fine needles were filtered, washed with ethanol 
and with ether, and dried in a vacuum desiccator. A yield of 45.5 g. 
(93 %) of bisergostatrienol (VIIIa), m.p. 201-203 with decomposi- 
tion [reported (33) 202-203"], was obtained. The yields of several 
such reactions averaged 90-96Z. 


Neoergosterol (IX)-A mixture of bisergostatrienol (VIIIa) 
(5.0 8.) and diethylene glycol monoethyl ether (Carbitol) (250 mi.) 
was refluxed for 5 min. in a nitrogen atmosphere. The solution was 
rapidly cooled to approximately 100" and then added to a mixture 
of water and crushed ice (250 9.) while stirring. The mixture was 
kept at -15" for 1 day and filtered while cold; the residue was 
washed with cold water, dissolved in hot methanol (60 ml.), and 
allowed to cool slowly. The fine needles of neoergosterol were col- 
lected and recrystallized from methanol (60 ml.). The yield was 
1.65 g. (3373, m.p. 151-153" [reported (33) 151-152"l; [a]o-lOO 
(c 1.0). The IR spectrum showed characteristic peaks at 3330 cm.-l 
(OH); 3055, 3030 cm.-l (aromatic C-H); 1485, 810 cm.-l (aro- 
matic ring); and 970 cm.-l (trans C=C). 


Acetylation of Bisergostatrienol-A solution of bisergostatrienol 
(VIIIa) (1 g.) in pyridine (180 ml.) was mixed with acetic anhydride 
(15 ml.). After a week the solution was poured into cold water 
(400 ml.); the separated crystals were collected and washed with 
dilute acetic acid and with water. After two recrystallizations from 
benzene-alcohol and drying over PzOs in uacuo, colorless fine 
needles, 830 mg., SO%, m.p. 203-205", were obtained [reported 
(10) m.p. 205.5-206'1. 


Pyrolysis of the Diacetate of the Biscompound; Preparation of 
Neoergosteryl Acetate (XX1V)-The diacetate of the biscompound 
(500 mg.) was pyrolyzed by the method described for the bis- 
compound using 40 ml. of diethylene glycol monoethyl ether as the 
solvent. The yield of neoergosteryl acetate (XXIV) after two recrys- 
tallizations from methanol was 250 mg. (50%), m.p. 121-123" [re- 
ported (10) 123.5-124'1. The IR spectrum (KBr pellet) showed the 
absence of the OH group, presence of the ester carbony group band 
(1735 cm.-l), presence of acetate ester characteristic band (1240 
cm.-l), and also the bands of the aromatic ring and trans double 
bond were present. 


Bis(trirnethy1silyl)ether of Bisergostatrienol (V1IIb)-Bisergo- 
statrienol (VIIIa) (2 g.;  0.0025 mole) was suspended in anhydrous 
benzene (100 ml.), and bis(trimethylsi1yl)-acetamide (Aldrich 
Chem. Co., Milwaukee, Wis.) (11) (1.12 g.; 0.0055 mole) was 
added. The stirred mixture was refluxed gently for 3 hr. under 
atmosphere of dry nitrogen. The solution was allowed to  cool to 


4 Color index 45380, National Aniline Division, Allied Chemical & 


5 Melting point 161-163"; Aldrich Chem. Co., Milwaukee, Wis. 
Dye Corp., New York, N. Y. 


room temperature. The solvent was removed in uacuo, and to the 
residue dry acetone (60 ml.) was added. After cooling at 5' for 1 hr., 
the material that precipitated was collected and dried in vacuo for 
24 hr. at room temperature. The yield was 2.2 g. (95 %), m.p. 190- 
192". The IR spectrum showed the absence of OH absorbance 
and the presence of the following characteristic bands (34): 1250, 
840, 750 cm.-l [Si(CH&]; 109&1075 cm.-l (Si-0-C). 


Anal.-Calcd. for C62H10202Sil: C, 79.58; H, 10.99; Si, 6.00. 
Found: C, 79.13; H, 10.84; Si, 6.26. 


Pyrolysis of the Bis(trimethylsily1)ether of the Biscompound 
(VI1Ib)-A mixture of bisergostatrienol bis(trimethy1silyl)ether 
(VIITb) (1 8.) and diethylene glycol diethyl ether (Diethyl Carbitol) 
(50 ml.) was refluxed for 5 min. in a nitrogen atmosphere. The solu- 
tion was cooled rapidly to approximately 100" and added to a 
stirred mixture of water and crushed ice (50 g.) containing a few 
crystals of p-toluenesulfonic acid. The mixture was worked up in 
the same way as mentioned under pyrolysis in diethylene glycol 
monoethyl ether. The yield of neoergosterol (IX) was 490 mg. (50x,), 
m.p. 151-153". 


Neoergosterol-22,23-epoxide (X)-A. Wirh m-Chloroperbenzoic 
Acid-Neoergosterol (IX) (2 g. ; 0.0052 mole) was dissolved in dry 
olefin-free benzene (20 ml.) and chloroform (10 ml.). To this solu- 
tion was added slowly a cold solution of m-chloroperbenzoic acid 
(FMC Corp., New York, N. Y.) (1 g.;  0.0058 mole) in benzene 
(15 ml.) and chloroform (10 ml.) and the solution was kept in the 
dark for 9 hr. at 25". The solution was diluted with ether (200 ml.), 
washed with a 10% sodium sulfite solution, sodium bicarbonate 
solution, and with water until the washings were neutral. The 
organic solvents were dried over anhydrous sodium sulfate and 
distilled under reduced pressure. To the solid glassy residue was 
added 88 % methanol (20 ml.) after which a white dense flocculent 
precipitate was obtained upon trituration. The precipitate was 
collected, dried in vucuo for 48 hr. at 30". The yield was 1.8 g. 
(90%), m.p. 105-109" (the wide range is possibly due to the presence 
of a mixture of the two stereoisomeric epoxides); [a]D -13.5' 
(c 1.0). The IR spectrum showed the absence of the 970 cm.-l band 
(trans C=C) and the presence of a new band at 909 cm.-l (so-called 
"1 1-p band") characteristic of epoxide rings (35). 


Anal.-Calcd. for C27H4D0~: C, 81.76; H, 10.17. Found: C, 81.48; 
H, 10.30. 


B. With Formic Acid and Hydrogen Peroxide-A suspension of 
neoergosterol ( 1  9.) in 88% formic acid (20 ml.) was heated at 80" 
with stirring for 20 min. during which a clear solution was obtained. 
When the solution came to room temperature, it was treated with 
30% hydrogen peroxide solution (3 ml.) and 88% formic acid (10 
ml.). The mixture was stirred in the dark at room temperature for 24 
hr. The mixture was treated with boiling water (100 ml.), stirred, and 
kept at 80" for 1 hr., then cooled to room temperature. The oil that 
separated was collected, dissolved in methanol (50 ml.), and treated 
with 1 ml. of 25% sodium hydroxide solution and warmed on a 
steam bath for 15 min. The solution was cooled to room tempera- 
ture, acidified with dilute HCl, diluted with water (200 ml.), and 
extracted with ether. The ether extract was washed with water until 
the washings were neutral, dried, and the ether removed in uacuo. 
The glassy residue was crystallized from 88% methanol. The yield 
was 710 mg. (70%), m.p. 112-115" (possibly a different ratio of the 
two isomeric epoxides was obtained). Mixed melting point with 
the epoxide prepared by the m-chloroperbenzoic acid method gave a 
m.p. of 110-1  13 '. The IR spectrum was identical to that prepared 
by m-chloroperbenzoic acid. 


Anal.-Calcd. for C27Hlo02: C, 81.76; H, 10.17. Found: C, 81.95; 
H, 10.41. 
Erythro-22,23-dihydroxy-22,23-dihydroneoergosterol (XI)-To a 


solution of neoergosterol epoxide (1 8.) in acetone (40 ml.) was 
added a solution of 2.5 mi. of 70% HCIOI in 10 ml. water. The 
solution was refluxed in a nitrogen atmosphere for 3 hr. The solu- 
tion was diluted with water and extracted with ethyl acetate. The 
ethyl acetate extract was washed with water until the washings were 
neutral, dried, and evaporated in uacuo. The residue was crys- 
tallized from ether when 700 mg. (70%) of colorless crystals were 
obtained, m.p. 173-175", that gave a positive periodate-benzidine 
test (36), indicative of the presence of vicinal diol structure. One 
of the two erythro isomers was obtained after two recrystallizations 
from ether-petroleum ether. It was dried in uacuo at 70" for 5 hr.; 
n3.p. 206-208", [ a ] ~  +29" (c 1.0). The IR spectrum showed the 
absence of the epoxide band and the presence of strong hydroxyl 
absorbance at 3375 cm.-l 
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And-Calcd. for C27H4203: C, 78.21; H, 10.21. Found: C, 77.99; 
H, 9.93. 


3p-Hydroxy-19-norpregna - 5,7,9(10) - triene - 20a -aldehyde Di- 
methyl Acetal (XII-A solution of the triol (XI) (1 g.) in methanol 
(40 ml.) was treated with a solution of periodic acid (0.6 9.) in 
methanol (7 ml.). The solution was stirred in the dark for 18 hr., 
neutralized with 1N NaOH solution, and filtered. The residue on the 
filter was washed with methanol. The filtrate and washings were 
concentrated in uacuo to a volume of 20 ml., cooled, and 850 mg. 
(95%) of white crystals of the dimethyl acetal (XII) were obtained; 
m.p. 177-179", lit. (12) 178.6-180.9'. 
3~-Hydroxy-19-norpregna-5,7,9(lO)-triene-2Oa-aldehyde Methyl 


Hemiacetal (XIII-A solution of the triol (XI) (1 9.) in methanol 
(50 ml.) was treated with a solution of periodic acid (0.6 g.) in 
water (9 ml.). The solution was stirred in the dark for 18 hr. after 
which time the precipitate that formed was collected and dried 
in uucuo. The yield was 750 mg. (84%); m.p. 142-143". The IR 
spectrum showed the absence of a carbonyl absorbance, presence of 
strong hydroxyl absorbance at 3380 cm.-l and at 3430 cm.-l. It 
also showed several sharp peaks at 2820, 1145, 1100, and 1075 
cm.-l, characteristic of ethers (35). 


Anal.-Calcd. for C2&208: C, 76.70; H, 9.36. Found: C, 76.47; 
H, 9.48. 
3~-Hydroxy-19-norpr~a-5,7,9(lO)-triene-2O~-aldehyde (XI- 


A. From the Trio1 (XQ-A solution of the triol (XI) (1 g.) in per- 
oxide-free dioxane (45 ml.) was treated with a solution of periodic 
acid (0.6 9.) in water (10 ml.). The solution was stirred in the dark 
for 24 hr. after which time it was diluted with ethyl acetate (200 ml.) 
and ether (100 ml.) The solution was washed with water till 
neutral, dried over anhydrous sodium sulfate, and the organic 
solvents evaporated in uucuo at a temperature less than 40". The 
glassy pale yellowish mass that remained was dried in vucuo over 
Pz05 for 24 hr. when 620 mg. (82%) was obtained. It was very 
soluble in the organic solvents and failed to crystallize from most 
of them. With ether-petroleum ether as solvent for crystallization, 
an oil was always obtained, [a]D -17' (c 1.0). The IR spectrum 
showed the characteristic bands of the aldehyde group at 2700 
cm.? (H of CHO) and at 1725 cm.-l(C=O). 


B. By Hydrolysis of the Acetal (XZZ) or the Hemiacetal (XZZZ)- 
A solution of the acetal (XII) or the hemiacetal (XIII) (500 mg.) 
in dioxane (20 ml.) was refluxed in a nitrogen atmosphere with a 
solutio.1 of acetic acid (2 ml.) in water (10 ml.) for 5 min. The solu- 
tion was allowed to cool to room temperature, mixed with ether 
and ethyl acetate (100 ml. each), and the organic layer washed with 
water until it was free of acid. The solution was dried over anhy- 
drous sodium sulfate and concentrated to dryness in uucuo. The 
glassy mass that remained was dried in vacuo over PzOs for 24 
hr. when 420 mg. was obtained. This material was identical to 
that prepared in Method A in every respect. The 2,4-dinitrophenyl- 
hydrazone of this aldehyde melted at 230-231" after one re- 
crystallization from ethyl acetate-methanol, reported (1 2) 230- 
232". 


C. By Ozonolysis of Neoergosterol (ZX)-A solution of neoergo- 
sterol (IX) (5 g.; 0.013 mole) in methylene chloride (400 ml.) and 
pyridine (1.1 ml.; 0.014 mole) in a tubular reactor equipped with a 
magnetic stirrer, a gas inlet, and an outlet leading to a CaS04 drying 
tube which in turn led to a 2% KI solution, was cooled to -50" in 
a dry ice-acetone bath. A stream of ozone-rich dry oxygen (5.40% 
w/w; 7.77 mg. O3/100 ml.) (generated by a Welsbach model T-23 
ozonator) was passed at a rate of 0.0026 cu. m./min. (0.03 cu. ft./ 
min.) into the stirred solution, and the outcoming gases from the 
reaction were bubbled through the KI solution. After 15 min. a 
yellow color was obtained in the KI solution, indicating that about 
95% of attack on the double bond had occurred. After an addi- 
tional 45 sec., the flow of ozone was stopped (1.65 mole equivalents 
of ozone) and zinc dust (6 g.) and glacial acetic acid (27 ml.) were 
added. The mixture was allowed to stir at 0-10" for 1 hr. and finally 
for 5 min. at 35". The bright-yellow mixture was filtered and washed 
with two 150 ml. portions of water. It then was cooled by the addi- 
tion of crushed ice (100 8.) and washed with two 20-ml. portions of 
cold 10% sodium carbonate, 15 ml. of cold 10% sodium hydroxide, 
and five 150-ml. portions of cold water, all aqueous washings being 
back-washed with 20 ml. of methylene chloride. The combined 
methylene chloride solutions were dried over anhydrous sodium sul- 
fate and the solvent removed under reduced pressure at a tempera- 
ture less than 40" when a white crystalline residue was obtained. This 
solid material was dried in uucuo over PzO~ for 24 hr. when 3.8 g. 


(92%),m.p. 132-134", was obtained; [CY]D -20" (c 1.0.). The IR spec- 
trum showed the following characteristic bands: 3515, 3400 cm.-l 
(OH); 3040,3010 cm.-l (aromatic C-H); 2700,2680 (H of CHO); 
1725 cm.-l (C=O); 1480,810 cm.-1 (aromatic ring), beside the other 
aliphatic C-H and C-0 stretching vibrations. The NMR spec- 
trum showed the following characteristic peaks: singlet at 0.63 6 
(C-18 CH,); doublet centering at 1.20 6 J = 7 C.P.S. (C-21 CHI); 
singlet at 6.83 6 (2 aromatic protons); and a doublet centering at 
9.60 6 J = 2.9 C.P.S. (H of CHO). A portion of this material was 
washed on a funnel with ethyl acetate, anhydrous ether, dried in 
uacuo for 24 hr., m.p. 136-138"; [a]D -21" (c 1.0). 


Anal.-Calcd. for CZ1Hz802: C, 80.73; H, 9.03. Found: C, 80.54; 
H,  9.13. The 2,4dinitrophenylhydrazone of this aldehyde did not 
depress the melting point when present in a mixture with that pre- 
pared from the aldehyde of the periodate reactions. The following 
observations are significant : 


1. During the ozonolysis, if the rate of passing 0, was increased 
[0.0035 cu. m./min. (0.04 cu. ft./min.)], an earlier end-point might 
show in the KI solution and neoergosterol will be separated along 
with the aldehyde. 


2. Also if the rate of stirring is too fast, Oa will be forced to 
saturate the solution, and further attack the benzene ring and an 
incorrect end-point will be obtained. An average rate of stirring 
of 200-250 r.p.m. with either a magnetic or a mechanical stirrer 
should be maintained during the ozonolysis. 


3. If temperatures colder than -50" are used, the intermediate 
ozonide will precipitate along with some neoergosterol, causing an 
incomplete reaction. 
3~-Hydroxy-20-morpholino-methylene- 19-norpregna-5,7,9(10)- 


triene ( X V h A  solution of the aldehyde (XIV) (3 g.) in anhydrous 
benzene (80 ml.) was distilled under nitrogen atmosphere until 20 
ml. of distillate was collected (to remove the traces of moisture). 
To the benzene solution was added 2 ml. of dry morpholine and 12 
mg. of ptoluenesulfonic acid. This solution was refluxed, while 
stirred magnetically, under dry nitrogen atmosphere for 4 hr. in the 
presence of 7 g. of conditioned (by heating at 320" for 5 hr.) Linde 
4A molecular sieve 0.160-cm. (0.063-in.) pellets in a continuous- 
extraction apparatus placed between the condenser and the reaction 
flask. This assembly permits the condensed vapors of water and 
benzene to pass through the molecular sieve, so that water will be 
adsorbed, before it returns to the reaction flask. The solution was 
cooled, benzene and excess morpholine distilled in UUCUO, and the 
pale brown glassy residue dried in uacuo over PzOs for 24 hr. The 
yield was 3.64 g. (9973. The IR spectrum of this enamine showed 
the absence of carbonyl absorbance and the presence of the en- 
amine double bond absorption frequency at 1645 cm.-l(37). 
3j3-Hydroxy-19-norpregna-5,7,9(lO)-triene-2O-one (XV1)-A. By 


Oxidizing the Enumine ( X V )  with Crop. P Y-Finely powdered 
chromic acid (1.65 g.) was added, over a period of 15 min., to 
stirred anhydrous pyridine (25 ml.) at 0" under nitrogen. A solution 
of the enamine (XV) (2 g.) in pyridine (25 ml.) was added over 5 
min. The mixture was stirred for 4 hr. at 0" and then was allowed to 
stand overnight at room temperature. Benzene (200 ml.) was added 
and the mixture was filtered through a column of alumina (25 g.) 
and thecolumn was eluted with benzene. Evaporation of the eluate 
in uacuo yielded 1 g. of a semisolid material. The ketone (XVI) 
was separated from this material through the formation of Girard 
"T" derivative as follows : this semisolid material was dissolved in 
absolute ethanol (10 ml.), glacial acetic acid (1 ml.), and 1 g. of 
Girard T reagent was added. The mixture was refluxed under dry 
nitrogen atmosphere for 1 hr. The solution then was added to 
sodium bicarbonate (1.26 8.) in water (40 ml.) and the resulting 
colloidal solution was extracted twice with ether. The clear aqueous 
layer was acidified to pH 1 with hydrochloric acid and extracted 
with ether. The ether extract was washed with water until it was 
free of acid, dried over anhydrous sodium sulfate, and the solvent 
removed in uucuo. The residue was crystallized twice from ether 
when 0.31 g. (20%) of white rosettes was obtained: m.p. 150-151 ', 
[a]D +57" (c 1.0 in CHCI,); lit. (13) m.p. 151-152", [CY]D +58" (C 
0.9 in CHC13). The IR spectrum showed the following characteristic 
bands: 3340 cm.? (OH); 3040, 3015 cm.-l (aromatic C-H); 1700 


cm.-l (C==O); 1420, 1355 cm.-l (CH3-C-); 1480, 810 cm.-l 
(aromatic ring), beside the other aliphatic C-H and C-0 stretch- 
ing vibrations. The NMR spectrum (in CCI,) showed the follow- 
ing peaks: singlet at 0.51 6 (C-18 CH,); singlet at 2.11 6 (C-21 CH,); 
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multiplet centering at 3.95 6 (H of C-3); and a singlet at 6.73 6 
(2 aromatic protons). 


B. By Ozonolysis of the Enamine (X-Using methylene chlo- 
ride, a solution of the enamine (XV) (2 g.; 0.0052 mole) in dry 
methylene chloride (200 ml.) was put in the same tubular reactor 
with the same outfit used for ozonizing neoergosterol. A stream of 
ozone-rich dry oxygen (5.40% w/w) was passed at a rate of 0.0026 
cu. m./min. (0.03 cu. ft./rnin.) into the stirred solution at -78". 
After 17 min. a yellow color was obtained in the KI solution, indi- 
cating about 95% attack on the double bond had occurred. Ozone 
was stopped after 30 sec. more (4.6 mole equivalents of ozone were 
absorbed); zinc dust (3 9.) and glacial acetic acid (14 ml.) were 
added. The solution was worked up and processed for the neutral 
fraction as previously described under the ozonolysis of neoergo- 
sterol. The semisolid material (1.4 g.), that was obtained after dis- 
tilling the methylene chloride, was purified through Girard T sepa- 
ration procedure as previously described. The residue that remained, 
after distilling the ether extract of the ketonic fraction, was crystal- 
lized twice from ether when 0.62 g. (40%) of white rosettes was 
obtained; m.p. 151-152", mixed melting point with the ketone 
(XVI) prepared by Cr03 .PY method showed no depression. 


Using methylene chloride with pyridine, the above mentioned 
experiment was conducted in the same way except that pyridine 
(0.44 ml., 0.0056 mole) was added to the enamine solution before 
the ozonolysis. A yellow color appeared in the KI solution after 
passing ozone through the solution for 10 min. The flow of ozone 
was stopped after 30 sec. more (2.7 mole equivalents of ozone were 
absorbed). The yield of the ketone (XVI), after Girard T separation 
and two crystallizations from ether, was 0.85 g. (5573, m.p. 150- 
151 '. The IR spectrum was identical to that prepared by CrOl.PY 
oxidation method and to that prepared by the previously men- 
tioned ozonolysis method. 


Using ether, the previous experiment was conducted in the 
same way except that anhydrous ether (300 ml.) was used as the 
solvent instead of methylene chloride, and the temperature of 
the reaction during ozonolysis was adjusted at -30". The yellow 
color appeared in the KI solution after 10.8 min. and the flow of 
ozone was stopped after 30 sec. more (2.9 mole equivalents of ozone 
were absorbed). The yield of the ketone (XVI), after evaporating 
the ether extract from Girard T separation under reduced pressure 
and drying the residue in uacuo over P205 for 24 hr., was 1.28 g., 
m.p. 142-144". One recrystallization from ether afforded 1.13 g. 
(7373, m.p. 151-152". The IR spectrum was identical to that 
prepared by the previous methods. 


Model Procedure for Hydrogenation-The described amount of 
catalyst was soaked with a few milliliters of the solvent.6 The com- 
pound to be hydrogenated was dissolved in the rest of the solvent, 
mixed with the presoaked catalyst, and the mixture was hydro- 
genated under the conditions described. After the time used to effect 
reduction had elapsed, the solution was filtered from the catalyst 
and diluted with ether (four times the amount of solvent used), 
washed with 5 %  sodium bicarbonate solution, water, and then 
dried over anhydrous sodium sulfate. The organic solvents were 
distilled under reduced pressure and the products in each case 
separated as described below. 


Perhydrophenanthrene (X1X)-A mixture of 1,2,3,4,5,6,7,8- 
octahydrophenanthrene (Aldrich Chem. Co., Milwaukee, Wis.) 
(XVII) (930 mg.; 0.005 mole), ethanol (50 ml.) containing 1 %  
glacial acetic acid, and 5 % Rh/alumina (400 mg.) was hydrogenated 
at room temperature and 60 p.s.i. initial pressure for 9 hr. The 
hydrogen uptake was 0.016 mole. The crude product was distilled 
at 87-89"/2 mm. when 870 mg. (91 %) of colorless oil, ng 1.5010 
was obtained; lit. (38) b.p. 109-111"/4 mm. The IR spectrum 
(liquid film) showed the absence of the aromatic bands (3050, 
3025, 3000 cm.-l, and 1480, 800 cm.-l) and the presence of the 
aliphatic C-H stretching frequencies at 2890, 2835 cm.-', and 
C-H bending frequency at 1440 cm.-'. 


cis,cis-2-Decalol (XX)-A mixture of 1,2,3,4-tetrahydro-p- 
naphthol (XVIII) (K & K Laboratories, Inc., Plainview, N. Y.) 
(740 mg.; 0.005 mole), ethanol (50 ml.) containing 1 % glacial acetic 
acid, and 5 %  Rh/alumina (200 mg.) was hydrogenated at room 
temperature and 60 p.s.i. initial pressure for 5.5 hr. The hydrogen 
uptake was 0.015 mole. The crude product was crystallized twice 
from petroleum ether when 615 mg. (80%), m.p. 102-104", lit. 


6AlI the solvents used were boiled for 5 min. to drive off all the 
dissolved 02 and then were allowed to cool in an atmosphere of Nz. 


(39) m.p. 105", of XX was obtained. The IR spectrum showed the 
absence of the aromatic bands (3040, 3000 cm-1 and 1485, 735 
cm.-I) that were present in XVIII and the presence of the following 
characteristic bands: 3300 cm.-1 (OH); 1050, 1026 cm.-l (C-0), 
and the other aliphatic C-H bands. 
3~-Hydroxy-19-norergosta-5,7,9(1O)-triene; Dihydroneoergosterol 


(XX1)-A solution of neoergosterol (IX) (5 8.) in ethyl acetate 
(135 ml.) containing perchloric acid [0.05 ml. of a solution prepared 
from 70% perchloric acid (10 mi.) and ethyl acetate (90 ml.)] was 
hydrogenated at  room temperature and atmospheric pressure 
over PtOz (100 mg.) for 0.5 hr. The solution was filtered from the 
catalyst, washed with water till neutral, dried over anhydrous 
sodium sulfate, and the solvent removed in MCUO. The residue was 
crystallized from methanol when 4.01 g. (80%) of XXI was obtained; 
m.p. 145-147", lit. (40) m.p. 146-148'. The IR spectrum showed 
the absence of the trans double bond band at 970 cm.-l. 


19-Norergosta-5,7,9(lO)-triene (XXI1)-A mixture of dihydro- 
neoergosterol (XXI) (1.14 g.; 0.003 mole), ethanol (50 ml.) con- 
taining 1 % glacial acetic acid, and 5 % Rh/alumina (500 mg.) was 
hydrogenated at room temperature and 60 p.s.i. for 7 hr. The crude 
product was crystallized from methanol when 0.99 g. (90 %), m.p. 
66-67", lit. (40) 67-68", of XXII was obtained. The IR spectrum 
showed the absence of OH and C-0 absorbance and the presence 
of the aromatic characteristic bands at 3040, 3010, 1485, and 810 
cm.-l. When the pressure in the above experiment was raised to 
250 p.s.i., absorption of HZ was very slow, and when the i-eaction 
was worked up as usual the product (XXII) was isolated in 7573 
yield (820 mg.). 


5a,8~+9a,lOa-l9-Norergostane (XXII1)-A mixture of 19- 
norergosta-5,7,9(1O)-triene (XXII) (1.1 g. ; 0.003 mole) of dihydro- 
neoergosterol (XXI) (1.14 g.; 0.003 mole), ethanol (50 ml.) contain- 
ing 1 % glacial acetic acid, and 5 % Rh/alumina (2.4 g.) was hydro- 
genated at room temperature and 60 p.s.i. initial pressure for 12 hr. 
The hydrogen uptake was 0.009 mole, 0.012 mole in case of dihydro- 
neoergosterol. The crude product, 0.99 g. (90%), was a heavy 
colorless oil that showed no OH bands or aromatic bands in the 
IR, and it only showed the usual aliphatic C-H absorbances at 
2930,2900,2840,1465,1445,1380,1375, and 1365 cm.-l This com- 
pound was not investigated further. 


Hydrogenation of Neoergosteryl Acetate (XX1V)-A mixture of 
neoergosteryl acetate (XXIV) (420 mg.; 0.001 mole), ethanol (25 
ml.) containing 1 glacial acetic acid, and 5 % Rh/alumina (800 
mg.) was hydrogenated at room temperature and 60 p.s.i. for 12 hr. 
The hydrogen uptake was 0.005 mole. The crude product, 330 mg. 
(90%), was a colorless oil that had an IR spectrum similar to  that of 
XXIII prepared from dihydroneoergosterol (XXI). When the ex- 
periment was conducted in the same way except for only 3 hr., 
19-norergosta-5,7,9(1O)-triene (XXII) was isolated from the crude 
product by crystallization from methanol in 40% yield (150 mg.), 
m.p. 65-67". The IR spectrum was similar to that of the product 
previously prepared. 


3p-2 '-Tetrahydropyranyloxy-19-norergosta-5,7,9(lO)-triene (XXV) 
-Dihydroneoergosterol (XXI) (500 mg.) was dissolved in chloro- 
form (3 ml.) and dihydropyran (200 mg.) (previously dried over 
KOH, distilled from KOH, and then distilled from sodium). As 
one drop of a solution containing one drop of phosphorus oxy- 
chloride in 5 ml. of ethyl acetate was added, the solution became 
warm. This solution was warmed to 50" for 20 min., cooled to 
room temperature, and diluted with ether (100 ml.). The solution 
was washed with sodium bicarbonate solution, water, dried over 
sodium sulfate, and solvents removed in uucuo. The residue was 
dried in uucuo over P205 for 24 hr. and then crystallized from 
methanol. The yield was 540 mg. (90%) of colorless needles, m.p. 
125-127",[& +13.5"(c 1.0). The IR spectrumshowed the absence 
of OH absorbance and the presence of the following characteristic 
sharp bands: 1195, 1130, 1115, 1070, 1050, and 1025 cm.-I 
(C-O-C--O-C and C-0 vibrations) (35). Additional aromatic 
and aliphatic C-H bands also were present, 


Anal.-Calcd. for CnzHsaOz: C, 82.35; H,  10.80. Found: C, 82.35; 
H, 10.94. 


Attempted Hydrogenation of the Tetrahydropyranyl Derivative 
of Dihydroneoergosterol (XXV)-A mixture of the tetrahydro- 
pyranyl ether derivative (XXV) (200 mg.), absolute ethanol (40 ml.) 
containing 1 glacial acetic acid, and 5% Rh/alumina (400 mg.; 
and in another similar experiment 800 mg.) was shaken in a Pam 
hydrogenator at room temperature and under 60 p.s.i. Hz pressure 
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for 2 days. After the usual workup of the reaction, the crude 
product was crystallized from methanol when 180 mg. of white 
needles, m.p. 124-126", that had an IR spectrum similar to that of 
XXV, were obtained. 
3,4-Dihydro-2(1-H)-naphthalenone (XXV1)-A. With tert-Butyl 


Hypochlorite-A solution of 1,2,3,4-tetrahydro-p-naphthol (XVIII) 
(595 mg. ; 0.004 mole) in carbon tetrachloride (2 ml.) and pyridine 
(0.32 ml.; 0.004 mole) was cooled to -5". From a capillary, tert- 
butyl hypochlorite (0.47 ml.; 0.004 mole) was added and the tem- 
perature was allowed to stay at 0" for 15 min. The PY .HC1 that pre- 
cipitated was filtered and washed with cold CCI4 (2 ml.). The filtrate 
and washings were evaporated at reduced pressure under N2. A pale 
yellow liquid remained, 525 mg. (90z), which yielded a semicarba- 
zone (crystallized from ethanol), m.p. 192-194", lit. (41) m.p. 
193-194". The IR spectrum (liquid film) showed the absence of OH 
bands, the presence of strong and sharp carbonyl band at 1720 
cm.-l together with the other aliphatic and aromatic C-H bands. 
The NMR spectrum showed the following characteristic peaks: 
multiplet centering at 2.60 6 (2 protons at C-3), multiplet centering 
at 3.05 6 (2 protons at C-4), a singlet at 3.61 6 (2 protons at C-l), and 
a multiplet centering at 7.24 6 (4 aromatic protons). 


B. With DMSO-l,2,3,4-Tetrahydro-fi-naphthol (XVIII) (595 
mg.; 0.004 mole) was dissolved in anhydrous dimethyl sulfoxide 
(6 ml.) and benzene (6 ml.) containing pyridine (0.32 ml.; 0.004 
mole) and trifluoroacetic acid (0.16 ml.; 0.002 mole). After the 
addition of dicyclohexylcarbodiimide (2.48 g.; 0.012 mole) the 
reaction mixture was stirred magnetically, under anhydrous condi- 
tions, at room temperature for 18 hr. when a fine white precipitate 
of dicyclohexylurea was being formed throughout the reaction. 
The mixture was diluted with ether (100 ml.) followed by the drop- 
wise addition of a solution of oxalic acid (1.08 g.; 0.012 mole) in 
methanol (10 ml.) and the solution was stirred till gas evolution 
had ceased (0.5 hr.). The solution was cooled, filtered from the urea 
derivative (1n.p. 234"), washed with 5 %  sodium bicarbonate and 
twice with water, dried over anhydrous sodium sulfate, and the 
solvents removed under reduced pressure. The yellow oil that re- 
mained was distilled at 117-118"/2 mm. under Nz. The yield was 
495 mg. (85%), its semicarbazone had a m.p. 193-194" which did 
not depress the melting point of the semicarbazone of the material 
prepared by tert-butyl hypochlorite. The IR and NMR spectra were 
also identical with the material prepared by tert-butyl hypochloride. 


19-Norergosta-5,7,9(10)- triene-3-one (XXVII)-Dihydroneoer- 
gosterol (XXI) (1.52 g.; 0.004 mole) was treated as under DMSO 
oxidation of 1,2,3,4-tetrahydro-p-naphthol (XVIII). The duration, 
workup of the reaction, was exactly the same as that previously 
described. The crude residue left after evaporating the solvents 
under reduced pressure was subjected to Girard's separation 
procedure as mentioned before under the ketone (XVI) except that 
a nitrogen atmosphere always was used. The residue that remained 
after distilling the ether extract of the ketonic fraction was crys- 
tallized from methanol. The yield was 1.13 g. (75 %) of white needles, 
m.p. 90-91 O ,  reported (40) m.p. 91-92". The IR spectrum showed 
the absence of OH absorbance, presence of carbonyl band at 1720 
cm.-l and the other aliphatic and aromatic C-H bands. 


Attempted Reduction of the Ketone (XXVII)-A mixture of the 
ketone (XXVII) (380 mg.; 0.001 mole), ethanol (40 ml.) containing 
1 glacial acetic acid, and 5 % Rh/alumina (750 mg.) was hydro- 
genated at room temperature and 60 p s i .  initial pressure for 32 
hr. when no noticeable absorption of Hz occurred. After the usual 
workup of the reaction mixture, the residue (340 mg.) was sub- 
jected to Girard's separation where the ketonic fraction gave 190 
mg. (50z) of the ketone (XXVII) identified by its melting point and 
IR spectrum. Distillation of the ether extract of the nonketonic 
fraction of Girard's separation did not afford any residue. 


Rhodium-Platinum (7 : 3) Oxide,-A mixture of rhodium tri- 
chloride trihydrate (769 mg.), chloroplatinic acid (345 mg.), and 
sodium nitrate (20 g.) was heated slowly until a temperature of 
300" was reached in 30 min. The mixture started to melt and the 
red fumes of the oxides of nitrogen evolved. After the evolution 
of the gases had subsided (temperature about 400"), the temperature 
was raised and kept at 460-480" for about 10 min. After cooling, 
the solid mass was rinsed with distilled water. The solid was col- 
lected, washed with 100 ml. of 0.5 % aqueous sodium nitrate, and 
then dried over calcium chloride for 48 hr. The yield was 525 mg. 
(8Ox) of fine brown powder. 


General Procedure for Reduction over Rh-Pt (7:3) Oxides- 
The solvent, to be used in the hydrogenation, was boiled for 5 min. 


to drive off all the dissolved 02, then allowed to cool in an atmo- 
sphere of Nz. The amount of glacial acetic acid was added to make a 
1 solution. The catalyst was suspended in few milliliters of this 
solvent and reduced to the metals by hydrogenation at room tem- 
perature and 20 p.s.i. for 0.5 hr. The substance to be reduced was 
dissolved in the rest of the solvent and then was added to the reduced 
catalyst and the hydrogenation conducted under the prescribed 
conditions. The mixture then was filtered, diluted with ether (ca. 
3 times as the amount of solvent used), washed with sodium bi- 
carbonate solution, water, and dried over anhydrous sodium 
sulfate. The solvents were removed in uacuo and the product was 
worked up as the conditions warrented. 


cis,cis-2-Decalol (XX)-A mixture of 1,2,3,4-tetrahydro-P- 
naphthol (XVIII) (370 mg.; 0.0025 mole), ethanol (25 ml.), and the 
catalyst (25 mg.) was hydrogenated at room temperature and 60 
p.s.i. The hydrogen uptake was 0.0075 mole in 70 min. The crude 
product crystallized after the removal of the ether, m.p. 85-89", 
one recrystallization from petroleum ether afforded 345 mg. 
(90%), m.p. 103-104". The IR spectrum was identical with that 
of the product prepared from the reduction with Rh/alumina. 


Hydrogenation of Dihydroneoergosterol (XX1)-A mixture of 
dihydroneoergosterol (XXI) (380 mg. ; 0.001 mole), ethanol (30 
ml.), and the catalyst (50 mg.) was hydrogenated at room tempera- 
ture and 60 p.s.i. for 24 hr. The crude product was an oil whose IR 
was similar to that of XXIII. When the above experiment was 
conducted in the same way and the hydrogenation was stopped 
after 6 hr., 19-norergosta-5,7,9(1O)-triene (XXII) was isolated from 
the crude product by crystallization from methanol. The yield 
was 160 mg. (50%), m.p. 65-67". 


Hydrogenation of Neoergosteryl Acetate (XX1V)-The previous 
two experiments were repeated in the same way except using neoer- 
gosteryl acetate (XXIV) (420 mg., 0.001 mole) instead of dihydro- 
neoergosterol. From the first experiment the same oily material 
was separated, and from the second experiment 19-norergosta- 
5,7,9(10)-triene (XXII) was obtained in a similar manner. 


Attempted Hydrogenation of the Tetrahydropyranyl Derivative 
of Dihydroneoergosterol (XXV)-A mixture of the tetrahydro- 
pyranyl ether derivative (XXV) (200 mg.), absolute ethanol (40 ml.) 
containing 1 % glacial acetic acid (the boiling step was omitted), 
and the catalyst (40 mg.) was shaken under 60 p.s.i. H2 pressure 
and at room temperature for 1 day. Standard manipulation afforded 
185 mg. of the ether (XXV) identified by its melting point and IR 
spectrum. 


Attempted Hydrogenation of the Ketone (XXVIIfiA mixture of 
the ketone (XXVII) (250 mg.), ethanol (30 ml.), and the catalyst 
(40 mg.) was shaken under 60 p.s.i. HP and at room temperature for 
1 day. Standard manipulation afforded 200 mg. which upon Girard's 
separation process gave 110 mg. (4573 of the ketone (XXVII), 
m.p. 89-91 '. Nothing could be obtained from the nonketonic 
fraction after the use of the Girard reagent. 


Effect of Acid-A series of experiments was conducted using in 
each a mixture of dihydroneoergosterol (XXI) (200 mg.), ethanol 
(30 ml.), and the catalyst (30 mg.) or Rh/alumina (400 mg.). Glacial 
acetic acid in 0.1, 0.2, 0.3, 0.4, or 0.5z concentration was used. 
The mixtures were hydrogenated at room temperature and 60 
p.s.i. for 8 hr. After the usual workup, the experiments with 0.1 
and 0.2 % acetic acid concentrations yielded dihydroneoergosterol 
(XXI). The experiments with higher acid concentrations (they had a 
slow absorption of Hz) afforded 19-norergosta-5,7,9(lO)-triene 
(XXII) in 40-60z yields, identified by its melting point and IR 
spectrum. 


fp,ZOPDihydroxy - 19 - norpregna - 5,7,9(10) - triene (XXX1V)- 
A mixture of 3~-hydroxy-l9-norpregna-5,7,9(1O)-triene-20-one 
(XVI) (894 mg.; 0.003 mole), ethanol 65% (80 ml.) (without acetic 
acid), and 5 % Rulcarbon (1 .O 9.) was hydrogenated at room tem- 
perature at 60 p.s.i. for 2 days. The hydrogen uptake was 0.003 
mole. The crude solid (870 mg.) that was obtained after evaporating 
the organic solvents was crystallized from ether when 760 mg. 
(85%)  of colorless rosettes of the 20a- and ZOp-diols were obtained, 
m.p. 169-171'. One hundred milligrams of this mixture was re- 
crystallized twice from methylene chloride to yield 20 mg. (of the 
2Op-isomer), m.p. 209-210", [(Y]D -23" (c 1.0). The IR spectrum 
showed the absence of carbonyl band, presence of the following 
characteristic bands: 3330, 3295 cm.-l (OH); 3040, 3000 cm.-' 
(aromatic C-H); 1485, 810 cm.-l (aromatic ring); and 1140, 1 1  15, 
1080, 1040, and 1020 cm.-1 (C-0), beside the aliphatic C-H vi- 
brations. 
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And-Calcd. for CzoHz80n: C, 79.96; H, 9.39. Found: C, 79.66; 
H, 9.45. When this experiment was conducted in the same way, 
except at 1200 p.s.i. for 10 hr., the same product was separated and 
the same yield of the diols (XXXIV) was obtained. 
3~-20~-Dihydroxy-5a,8a,%,lOa-19-n0rpregnanediol (XXXVh 


3/3-20p-(& 20a-)Dihydroxy-19-norpregna-5,7,9(1O)-triene (XXXIV), 
m.p. 169-171 ’ (600 mg. ; 0.002 mole), finely powdered, was dissolved 
in cyclohexane (600 ml.) (previously boiled then cooled under Nt) 
with the aid of few drops of ethyl acetate. This solution was hydro- 
genated at room temperature and 1400 p.s.i. over 5 Rh/alumina 
(1.2 g.) for 12 hr. The catalyst was filtered from the solution which 
was distilled under reduced pressure and the solid residue (600 
mg.) was recrystallized from ether. The yield was 515 mg. (85%), 
m.p. 185-188”. One hundred milligrams of this mixture was re- 
crystallized twice from methylene chloride when 25 mg. (of the 
208-isomer) dried for 24 hr. in vacuo at 60”, m.p. 230-232”, was 
obtained, [& -6.5” (c 0.5). The IR spectrum showed the absence 
of the aromatic bands and the presence of the following charac- 
teristic bands: 3300, 3200 cm.-l (OH); 1140, 1095, 1065-1055, 
1040, and 1010 cm.-l ( C 4 ) ;  and the other aliphatic C-H bands. 
The NMR spectrum (of the crude reaction product) did not show 
any peaks in the aromatic, olefinic, or the allylic (1.85-2.20 6) 
regions. Also the crude reaction product gave a negative tetra- 
nitromethane test (30). Mass spectral molecular ion at m/e 306. 


Anal.-Calcd. for CZoH3402: C, 78.38; H, 11.18. Found: C, 78.38; 
H, 10.92. 
Sa,8a,9a,lOa-19-Norpregnan-3,20-dione (VI)-3@-208-( & 20a-)- 


Dihydroxy-5a,8a,9a,lOa-l9-norpregnanediol (XXXV), m.p. 185- 
188” (306 mg.; 0.001 mole), was dissolved in acetone (40 ml.) pre- 
viously distilled from potassium permanganate. The solution was 
cooled to  10” and 0.28 ml. of Jones reagent (31) was added rapidly 
while stirring the solution under Nz. After 4 min. the solution was 
diluted with ether (150 ml.) and washed with water, dried over an- 
hydrous sodium sulfate, and the ether evaporated in VUCUO. The 
semisolid residue that remained (298 mg.) was dried in vacuo over 
PzOS for 2 days when colorless fine needles were formed. This resi- 
due was recrystallized from ether (10 ml.) when 270 mg. (90%), 
m.p. 159-161 O ,  was obtained. Another recrystallization afforded 
220 mg., dried in vacuo at room temperature for 48 hr., m.p. 163- 
164”, [ a ] ~  + 32” (c 0.5). The IR spectrum showed the absence of OH 
bands, and the presence of the following characteristic bands: 
1710-1700 cm.-I (C=O); 1427, 1420 cm.-l (CHZ at C-2 and C-4; 


and 1355 cm.-I (CHI-C-). The NMR spectrum showed the follow- 
ing peaks: 0.82 6 (C-18 CH3), 2.15 S (C-21 CHI), and a multiplet 
centering at 2.25 6 (methylene protons at C-2, C-4, and C-17). 
The ORD (c 0.03 g./IOO ml. CHC13), t = 27”, [a1600 +33”, [aI589 


[a1311 +2566” (peak), [a1310 +2430”, [a1294 OOOO”, [(YIZ~O -3333”, 
[a1260 - 3433 O (trough), and [a3250 - 3433 ’. The dispersion curve 
of this diketone is a “single, positive Cotton-effect curve.” 


Anal.-Calcd. for C20H3002: C, 79.42; H, 10.00. Found: C, 
79.30; H, 9.79. 


0 
II 


+33”, [(YI~OO +226.6”, [Lulaso +566.6”, [OLIIZO +2162”, [ o ~ ] I ~ s  +2450”, 
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Automated Fluorometric Procedure for Unit Dose 
Analysis of Digitoxin and Digoxin in Tablet Formulations 


L. F. CULLEN, D. L. PACKMAN, and G. J. PAPARIELLO 


Abstract 0 A sensitive and specific automated procedure is de- 
scribed for the unit dose analysis of digitoxin and digoxin in tablet 
formulations. The technique is based on the fluorometric measure- 
ment of the dehydration products of the cardiotonic steroids, re- 
sulting from their reaction with hydrogen peroxide in concentrated 
hydrochloric acid. The automated system is capable of analyzing 
12 tablets per hour with a relative standard deviation of 3~1.4% 
at the 0.05-mg. digitoxin level. Accuracy of the procedure was 
determined by collecting comparative data on digitoxin tablets 
by both the automated method and the manual USP procedure. 
Specificity of the method, with respect to the analysis of intact 
digitoxin in the presence of the products of photochemical, alkaline 
hydrolytic, and thermal degradation, was demonstrated by com- 
parison to quantitative TLC values. This method has also been 
shown to be applicable to the unit dose analysis of digoxin in 
the 0.02 to 1.0 mg./tablet range. 


Keyphrases 0 Digitoxin-automated fluorometric method, tablets 
0 Digoxin-automated fluorometric method, tablets 0 Automated 
methods--digitoxin, digoxin, unit dose analysis in tablets, diagram 0 
Automatic analyzerdiagram, digitoxin, digoxin determination 0 
TLC-analysis 


Determining the precise amount of digitoxin in tab- 
lets is of the utmost interest to the pharmaceutical in- 
dustry. These tablets are of low dosage, i.e., 0.05-0.20 
mg. per tablet, and, consequently, require unit dose 
analysis as a control on the homogeneity of the product. 
An attempt was made to automate these unit dose as- 
says to gain the advantages of reproducibility, rapidity, 
and sensitivity offered by an automatic analyzer system. 


Khoury (1) described an automated sulfuric acid-in- 
duced fluorescence method for the single-tablet analysis 
of cardiac glycosides. However, it was found that this 
procedure was not applicable to the analysis of digitoxin 
tablets which contain sugars and dyes. Since these inter- 
fering inactive components are common formulating 
materials, the present investigation was undertaken to  
develop a technique which would overcome these short- 
comings. 


The majority of the analytical methods reported for 
the quantitative determination of digitoxin are either 
colorimetric (2-9) or fluorometric (10-12). The colori- 
metric procedures did not exhibit the necessary sensi- 
tivity or specificity for single-tablet analysis at the nor- 
mal digitoxin dosage levels. Thus, fluorometric proce- 
dures were investigated. 


Wells et al. (12) presented a sensitive and specific 
fluorometric method for the analysis of digitoxin and 
digoxin in biological fluids and tissues. The technique is 
based on the fluorometric measurement of the dehydra- 
tion products of the cardiotonic steroids resulting from 
the reaction of the glycosides with hydrogen peroxide in 
concentrated hydrochloric acid. Detailed discussions of 
the influence of time, temperature, and reagent con- 
centrations on the excitation and emission properties of 


the glycosides and the mechanism of fluorescence for 
mation were described by Wells et al. (12) and also Jelliffe 
(13). This procedure has been adapted and modified for 
continuous analysis by use of an automatic analyzer sys- 
tem.' Applicability of this method to the unit dose 
analysis of digoxin in the 0.02-1.0 mg. per tablet range 
requires only a simple change in the fluorometer filter 
system. 


EXPERIMENTAL 


Apparatus-A standard Technicon automatic analyzer system 
consisting of the following modules: (a) solid-prep sampler, pro- 
grammed at 12 samples/hr.; (b) proportioning pumps2 (two re- 
quired); (c) continuous filter, speed 2; (d )  fl~orometer,~ equipped 
with fluorescent lamp (Turner 11&853), quartz f l~wcel l ,~  and 
filters: digitoxin analysis, primary--Corning5 No. 7-59 and secon- 
dary-Wratten6 No. 8 ; digoxin analysis, primary-Corning No. 7-60 
and secondary-Wratten No. 3;  and (e )  linear recorder. 


Reagents and Solutions-(a) Seventy percent SDA No. 30 alcohol 
(ethanol-methanol, 10: I)  in water (v/v); (b) concentrated hydro- 
chloric acid; (c) 0.1 % ascorbic acid in methanol; (d) 0.065 M 
hydrogen peroxide in methanol (prepared by adding 1.0 ml. of 
reagent grade 30% hydrogen peroxide to 200 ml. of absolute 
methanol)-this reagent should be prepared fresh daily and main- 
tained in an ice bath on the automated manifold; and (e) standard 
digitoxin and digoxin solutions-prepare a 0.5 mg./ml. solution 
of analytical reference standard? digitoxin or digoxin in 70% dena- 
tured alcohol were used. The standard calibration curve is derived 
from a series of diluted solutions ranging in concentration from 0.05- 
0.25 mg./ml. 


Automated Methodology-A diagram of the flow system indicat- 
ing the automated equipment arrangement for the analytical 
procedure is shown in Fig. 1. In performing the analyses, three 
standards of the appropriate levels of the cardiotonic steroid are 
placed on the sample plate, followed by samples of the intact or 
powdered tablets. At the end of a series of 12 samples, two stan- 
dards are inserted to minimize the effects of reagent changes and 
instrumental variations. Samples are introduced into the solid-prep 
unit, programmed at 12 samples/hr. with its diluent volume precal- 
ibrated to deliver 150 ml., and homogenized in the 70% denatured 
alcohol. During the period of homogenization, the sample is 
diluted and dissolution of the drug occurs. A portion of the mixture 
is aspirated into the flow system and automatically filtered to 
remove insolubles. To prevent mechanical obstruction from the 
insoluble excipient materials at the tubing connections, a decanta- 
tion trap is placed between the solid-prep unit and the proportion- 
ing pump to remove the majority of the solid matter, thus extending 
the operational time of the automated system before a breakdown 
period is required. The residual insolubles are removed by the 
continuous filter module. After passage through the filter module, 
the filtrate is segmented with air and then combined with streams of 
the ascorbic acid reagent, concentrated hydrochloric acid, and the 
hydrogen peroxide reagent. The sample stream is passed through 
time-delay coils to permit complete fluorometric development. Since 


1 AutoAnalyzer, Technicon Corp., Tarrytown, N. Y .  
2 Technicon model I. 
3 Technicon model I. 
4 Technicon catalog No. 126-0125. 
6 Corning Glass Works, Corning, N. Y. 
6 Eastman Kodak Co., Rochester, N. Y .  
7 USP Reference Standards, Bethesda, Md. 
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Figure 1-Automatedflow diagram. Key: I ,  0.8 ml.lmin. air (Tygon): 
2,3, 2.76 ml.lmin. 7 0 z  SDA No. 30 alcohol (Acidflex); 4,5, 2.03 
ml./min. sample (Acidflex); 6,0.56 ml.lmin. H202 reagent (Soluaflex); 
7,8,9, 2.03 ml./min. flowcell (Acidflex); 10, 2.42 ml.lmin. ascorbic 
acid reagent (Solvaflex); 11, 2.76 ml./min. sample (Acidflex); 12, 
2.42 ml./min. ascorbic acid reagent (Solvaflex): 13, 1.60 ml.lmin. 
air (Tygon); 14,15,16, 2.76 ml./min. HCI (Acidjex); 17, 0.42 m1.l 
rnin. water (Tygon); 18, 0.60 ml./min. (Tygon); 19, reseruoir-7Oz 
SDA No. 30 alcohol; 20, water-cooled mixing coil (No. 114-209-1); 
21, decantation trap: and 22, 12.19-m. (40-ft.) rime-delay coils, 2.0 
mm. i.d. (No. 105-1173-01). 


a slight fluctuation in the temperature of the final solution at the 
time of sample measurement in the flowcell has a significant effect on 
the noise level in the sample response, it is necessary to introduce a 
water-cooled mixing coil into the system prior to the entrance of the 
sample stream into the flowcell. The constant and controlled tem- 
perature of the final solution results in a significant increase in the 
precision of the procedure by eliminating the noise in the sample 
response. Calculations are made using corresponding fluorescent 
intensities of standards and solid dosage formulation samples. 


Under the exact analytical conditions described, digitoxin 
exhibits excitation and emission wavelength maxima at 395 and 
570 mp, respectively. Excitation and emission wavelength maxima 
for digoxin are 350 and 490 mp, respectively. These wavelength 
maxima are centered well within the optimum spectral transmission 
characteristics of the selected filters. Spectral measurements were 
made on a Farrand spectrofluorometer,8 following preparation of 
the samples with the automatic analyzer flow system. The spectral 
data are in exact agreement with those reported by Wells e? al. (12). 


TLC System-Silica gel GF precoated glass plates (10 X 20 cm. 
with a 250-p adsorbent layer)9 were activated by heating at 105" for 
20 min. prior to use. The chromatogram was developed in a saturated 


020 
020 r------ 


Figure 2-Reproduction of recording curve on digitoxin standards 
(mg.) at the rate of 12 sampleslhr. 


8 Farrand catalog No. 104242, Farrand Optical Co., Inc., Mount 


9 Analtech, Inc., Wilmington, Del. 
Vernon, N. Y. 


Table I-Comparison of Fluorometric and Quantitative TLC 
Analyses of Intentionally Degraded Digitoxin Samples 
~~ 


-% Initial- 
Fluorometric TLC 


Sample Treatment Method Method 


Digitoxin powder stored at 100" for 1 


Digitoxin powder stored at  185" for 16 
month 85 87 


hr. 76 77 
Digitoxin powder exposed to shortwave 


Suspension of the digitoxin heated in 


Digitoxin tablet formulation stored at 
100" for 1 month 87 88 


Digitoxin tablet formulation exposed 
to  shortwave UV light for 1 month 
at room temuerature 89 91 


UV light for 1 month at room 
temperature 65 63 


1 N NaOH for 1.5 hr. at 75 46 43 


chamber with a benzene-95 % ethanol (7 : 3, vlv) solvent system. 
When the solvent front ascended approximately 15 cm. from the 
origin, the plate was removed and air-dried. Visualization was 
effected by spraying the plate with chloramine-trichloroacetic 
acid reagent (14) and heating at approximately 105" for 10 min. 
Following this heating period, the plates were inspected under 
shortwave (253.7 mp) and longwave (366.0 mp) UV light. 


RESULTS AND DISCUSSION 


Suitability as Stability Method-Specificity of the method for 
analysis of intact digitoxin in the presence of its photochemical, 
alkaline hydrolytic, and thermal degradation products was dem- 
onstrated by comparing analytical values of intentionally degraded 
samples to those obtained by quantitative TLC. In the TLC 
procedure, the digitoxin was separated from its degradation pro- 
ducts on the chromatographic plate. A zone of the silica gel 
encompassing the intact digitoxin spot was scraped from the plate. 
The digitoxin was eluted from the adsorbent with 70 % denatured 
alcohol and then assayed by the automated procedure to obtain a 
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Figure 3-Relationship of fluorescent intensity to digoxin level. 
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Table 11-Comparative Data Obtained on Digitoxin Tablets by 
Automated Procedure and Manual USP XVII Procedure 


Labeled 
Amount, -% of Claimb- 7 


Producta mg./tablet Automated USP 


A 0.10 
0.20 


B 0.10 
C 0.15 


0.20 
D 0.10 


0.20 
E 0.10 


0.20 
F 0.10 
G 0.05 


0.10 
0.15 
0.20 


102 101 
100 100 
97 98 


100 100 
103 102 
103 102 
101 101 
102 102 
103 102 
103 103 


a Tablets analyzed were prepared by the following manufacturers : 
Wyeth Labs., Inc.; The Upjohn Co.; E. R. Squibb & Sons; Parke, 
Davis & Co.; Eli Lilly & Co.; Davies, Rose-Hoyt; and Abbott 
Labs. Companies are not necessarily listed in order as given above. * Data from a single assay on a 10-tablet composite sample. 


quantitative value. The data obtained are summarized in Table I. 
Since there is good agreement between the values by the two 
techniques, it is concluded that the fluorometric procedure is 
stability indicating. 


Linearity and Sensitivity-Figure 2 is a reproduction of an 
actual recording curve obtained by analyzing standards of digitoxin 
in the 0.05-0.20-mg. range. The uniformity of replicate analyses a t  
the various concentrations and the return to the base line between 
samples, indicating no sample overlap, can be noted. When the 
values for the standards of Fig. 2 are plotted, a linear relationship 
exists between fluorescent intensity and digitoxin concentration in 
the range studied. This curve also contains a recording of the steady 
state, during which time a 0.20-mg. standard was continuously 
sampled, which further defines the excellent flow characteristics 
of this automated system. 


In the application of the method to the analysis of digoxin 
samples, it was also observed that a linear relationship exists be- 
tween fluorescent intensity and digoxin concentration (Fig. 3). 


The flow diagram of Fig. 1 is applicable to the analysis of digi- 
toxin and digoxin samples which initially contain 0.02-1.0 mg. of 
the cardiac glycosides. At the 0.02-mg. level, the final concentration 
of the drug in the flowcell is approximately 0.07 mcg./ml. 


Precision-Repeatability of the automated technique was dem- 
onstrated by performing 30 replicate assays on aliquots of both 


digitoxin and digoxin standard solutions. Relative standard devia- 
tions of Al.4 and = t l . O %  were determined at the 0.05- and 0.20- 
mg. digitoxin levels, respectively, and A1.2z at the 0.25-mg. 
digoxin level. In addition, a series of 20 replicate assays run on a 
composite sample of a tablet formulation at the 0.10-mg. digitoxin 
per tablet level produced a relative standard deviation of Al.O%. 


Accuracy-The accuracy of the proposed procedure was evalu- 
ated by comparing the results obtained by the automated system 
with the manual USP XVII colorimetric procedure (9) on several 
different marketed digitoxin tablet formulations. Comparative 
results are shown in Table 11. The agreement between the two 
techniques demonstrates that the automated method provides an 
accurate means of evaluating digitoxin content. 


The effect of common inert tablet components on this fluoro- 
metric procedure for digoxin and digitoxin was investigated to 
uncover any possible interfering material. The inactive components 
evaluated were lactose, sucrose, calcium sulfate, magnesium stea- 
rate, stearic acid, alginic acid, microcrystalline cellulose (Avicel), 
ion-exchange resin (Amberlite IRP-88), methylcellulose (Methocel), 
and starch. It was found that none of these materials interfered. 
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Table VII-Physiological Availability of Ascorbic Acid from 
Tablets Containing Silica Gel-6-hr. Test 


-Dose (about 450 mg.) Excreted, %-- 
Lot No. 
73-6913 


Standard Lot NO. 73-69/1 (60% E 
Ascorbic (33 E Adsorbate) Adsorbate) 


Subject Acid Initial 3 mo./45' Initial 


BM 28 27 27 17 


Average 26.0 28.0 27.2 26.8 
Availability +SE,  108 f 13 105 2r 11 103 i 17 


Experiences with wet granulation formulations containing as- 
corbic acid or sodium ascorbate indicate that excellent stability can 
be achieved if the wet granulation is dried to about 10% moisture 
within a few hours and to the final, low moisture content within 24 
hr. 


Order of mixing of ingredients and especially the mode of addition 
of water can be important. The vitamin C stability may be influenced 
by the presence of adsorbents that bind water or soluble ingredients 
that serve as emulsifiers or influence the solubility or reactivity of 
vitamin C. 


Availability Studies in Men-The results of bioavailability tests in 
men of ascorbic acid in tablets containing silica gel have been cal- 
culated on the basis of 24-hr. excretions of test doses. These results 
are summarized in Table VI. Both lots of tablets show complete 
bioavailability of the ascorbic acid, and this was not changed by 
storage for 3 months at 45". In order to provide information on 
the question of whether or not silica gel reduces the rate of absorp- 


tion of ascorbic acid in uivo, calculations of physiological avail- 
ability also were made on the basis of urinary excretions in the first 6 
hr. after dose, These data are given in Table VII. Again, the results 
show complete availability of ascorbic acid in all three tablet trials, 
indicating that the ascorbic acid is absorbed normally in the pres- 
ence of silica gel. 
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Interfacial Barriers in Interphase Transport 11: 
Influence of Additives upon the Transport of Diethylphthalate 
Across the Hexadecane-Gelatin-Water Interface 


ABDEL-HALIM GHANEM, W. I. HIGUCHI, and A. P. SIMONELLI 


Abstract [7 The authors recently described a novel method for in- 
vestigating the effects of an interfacial barrier in interphase trans- 
port. The procedures, both theoretical and experimental, were ap- 
plied to the study of the effects of an adsorbed gelatin at the hexa- 
decane-water interface upon the transport of diethylphthalate be- 
tween the two phases. The present paper describes the influences of 
surfactants, electrolyte type, and concentration upon the perme- 
ability coefficient for the interfacial barrier. Experiments were con- 
ducted as before, employing diethylphthalate as the solute. The 
transport data were analyzed by the physical model described 
earlier. The results showed that the two ionic surfactants, sodium 
Lauryl sulfate and dodecylpyridinium chloride, markedly decreased 
(2 to 12 times) the interfacial barrier even at low concentration 


(0.00-0.10% in the stock emulsion). Furthermore, the analysis 
showed that neither the electrolyte type nor concentration influ- 
enced the permeability coefficients, although they significantly 
altered the interphase transport rates themselves by changing the 
partition coefficients. These findings are particularly interesting as 
they may represent types of nonspecific situations that give rise to  
important barriers in in vivo drug transport. 
Keyphrases Transport, interphase-interfacial barriers Di- 
ethylphthalate transport-hexadecane-gelatin-water interface 0 
Electrolyte effect-diethylphthalate transport, hexadecane-gelatin- 
water interface Surfactant effect-diethylphthalate transport, 
hexadecane-gelatin-water interface 0 Permeability coefficients, in- 
terfacial barriers-surfactant, electrolyte type, concentration effect. 


Recent studies from these laboratories (1,2) involving sorbed at  the hexadecane-water interface has been 
the use of a novel method for investigating interfacial shown (1) to give an interphase transport rate for 
barriers in interphase transport have shown that sub- diethylphthalate that is about 1 X lo4 times slower than 
stances adsorbed at the oil-water interface may control diffusion controlled. A significant reduction in the 
the interphase transport rates of solutes. Gelatin ad- aqueous to lipid transport rate of cholesterol by an 
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Table I-Oil Droplet Size Distribution Taken from Fig. 2 
Photograph (for 3 ml. Stock Emulsion) 


~ ~~ ~ 


Mean Total No. Total 
Radius, of Particles Volume 


i Channels EL x 10-8 x 10-10, p3 


1 0-40 1.03 27.19 1.22 
2 40-80 1.48 4.12 0.56 
3 80-120 1.75 23.07 5.21 
4 120-160 1.96 35.43 11.20 
5 160-2OO 2.13 23.89 9.71 
6 200-240 2.28 15.66 7.77 
7 240-280 2.41 11 .53  6.71 
8 280-320 2.52 9.06 6.14 
9 320-360 2.64 8.24 6.32 


10 3 ~ 4 0 0  2.74 6.59 5.65 Figure I-Dark field photomicrograph of a typical emulsion sys- 
1 1  4oo-440a 2.83 4.12 3.91 tern used in the release experiments. 
12 44&480° 2.92 2.47 2.56 


~ 


a Obtained by extrapolation. 


adsorbed polysorbate 80 film has also been observed 
(2). These findings have suggested that such barriers, 
which are probably nonspecific in nature from the 
biopharmaceutical standpoint, may play important rate- 
determining roles in the transport of drug molecules 
across biological membranes and into tissues. 


In order to better understand the nature of these 
barriers, the present studies were undertaken. This 
article describes the results of the experiment on the 
effects of the different gelatin fractions of Pharm- 
age1 A,' the influences of electrolyte types and concen- 
tration, and the effect of surfactants on the transport 
rate of diethylphthalate. The data have been mecha- 
nistically analyzed and reported in terms of the perme- 
ability coefficients for the interfacial barriers. 


EXPERIMENTAL 


Consideration in the Design of the Experiment-A discussion 0. 
the basic design and the advantages of the multiparticulate disper- 
sion technique has already been given (1, 3). In the present study 
the same general approach was essentially employed. 


The previous procedure for preparing the emulsion system was 
slightly modified in the direction of greater flexibility. Instead of 
preparing stock hexadecane-in-water emulsions near the inter- 
facial coacervation point (1, 4) of gelatin sodium sulfate, lower 
electrolyte concentrations were used and the temperature was kept 
at 40" for the whole period of equilibration of the emulsion systems. 
This provided the means for varying the concentrations of the addi- 
tives used in these studies without droplet-droplet aggregation tak- 
ing place. 


Materials-The gelatin used was Pharmagel A. Fractionation of 
the gelatin was accomplished (5) by adding successive amounts of 
ethanol to the gelatin solution adjusted to  pH 7 at 40". The hexadec- 
ane2 was purified (6) and the dieth~lphthalate~ was used without 
further purification. Sodium sulfate, sodium chloride,6 calcium 
chloride d ih~dra te ,~  magnesium chloride hexahydrate,' and mag- 
nesium sulfate' were used without further purification. Pure samples 
of sodium lauryl sulfate7 and polysorbate 808 were used. Dodecyl- 
pyridinium chloride3 was purified by recrystallizing three times from 
acetone. Spectroquality cyclohexaneg was used in the UV analysis. 


5,000 


3.000 
h 


8 
Z 


1.000 


0 80 240 
CHANNELS 


400 


1 Wilson's U-Cop-Co., Calumet City, Ill. 
2 Aldrich Chemical Co., Milwaukee, Wis. 
3"Eastman grade," Eastman Kodak Co., Rochester, N.  Y. 


Allied Chemicals, Industrial Chemical Division, Morristown, N. J. 
6 Mallinckrodt Chemical Works, New York, N. Y. 
6 Baker Chemical Co.,  Phillipsburg, N .  J. 
7 Supplied by Dr. K. J. Mysels, Reynolds Tobacco CO., North Cam- 
8 Supplied by Dr. P. Becher, Atlas Chemical Industries, Delaware. 
0 Matheson, Coleman & Bell, East Rutherford, N. J. 


Figure 2-Droplet size distribut ion data obiained with a Coulfer 
counter and rnultichani~elanalyzer. First photograph shows calibration 
data obtained with 2.051-p diameter polyvinyltoluene latex. N(C) is 
the concentration of particles in Channel C. Secondphotograph shows 
a typical droplet distribution in the release medium taken I min. 
after the beginning Of a release experiment. Third photograph shows 
the droplet distribution afier. 15 min. in the release medium. 


lina. 
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Figure 3-Experimental results of diethylphthalate release ob- 
tained with three fractions of gelatin. C. is amount of diethyl- 
phthalate released, ml./ml., versus time in minutes. At zero time 
3.0 ml. of emulsion system pretreated with 0.352 M sodium suuate 
was added to 100 mi. of aqueous medium at 23". Using whole gelatin 
the aqueous media are: Key: Q, 0.352 M sodium sulfnte; 0, 0.176 
M sodium sulfate; A, water. Using the second gelatin fraction: 
0, 0.352 M sodium sulfate; U3 0.176 M sodium sulfate; A, water. 
Using the third gelatin fraction: 0, 0.352 M sodium sulfate; W, 
0.176 M sodium sulfate; A, water, 


Experimental Procedure-The procedure for preparing the initial 
emulsion was exactly the same as before (1). The emulsion system 
was then treated with specified additives for 24 hr. Temperature 
during the treatment period was kept at 40". Figure 1 shows a 
dark-field microphotograph of the oil droplets of a typical emulsion 
system used in these studies. Figure 2 gives a typical particle size 
distribution display obtained with a Coulter counterlo and a multi- 
channel analyzer." Table I presents the results of the analysis of 
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Figure 4-Injluence of electrolyte and the comparison of experi- 
mental release data with the theoretically computed ones. C. is the 
amount of diethylphthalate released, ml./ml., versus time in minutes. 
A 3.0-ml. aliquot of the emulsion system pretreated with 0.352 M 
sodium sulfnte was added to 100 ml. of aqueous medium at 23". 
Key: experimental points, @, 0.493 M sodium suuate; 0, 0.352 M 
sodium sulfate: 0, 0.176 M sodium sulfate: A, water. Curves are 
theoretical values computed using Eqs. 1 and 2 with P = 5 X 
cm./sec. 


10 Coulter Electronics, Chicago, Ill. 
11 RIDL 400, Radiation Instrument Development Laboratory, Inc., 


Melrose Park, Ill. 
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Figure 5-Influence of electrolyte and the comparison of experi- 
mental release data with the theoretically computed ones. C. is the 
amount of diethylphthalate released, ml./ml., versus time in minutes. 
A 3.0-ml. aliquot of the emulsion system pretreated with 0.352 M 
sodium chloride was added to 100 ml. of aqueous medium at 23". 
Key: experimental points, 0, 0.352 M sodium chloride; 0, 0.176 
M sodium chloride; A, water. Curves are theoretical values com- 
puted using Eqs. 1 and 2 with P = 5 X cm.lsec. 


the particle size distribution taken from the Fig. 2 photograph. 
This information was used in the calculation of the permeability 
coefficients. 


The hexadecane-water partition coefficients for diethylphthalate 
were determined in two ways as previously discussed (1) with and 
without gelatin present. Table I1 gives the partition coefficients ob- 
tained in different electrolyte media. It is clear that the partition 
coefficients obtained with and without gelatin at the interface are 
the same within the experimental error. However, the partition 
coefficients were found to be dependent on the nature and the con- 
centration of the electrolytes used. This can be attributed to the salt- 
ing-out effect (7). 


The interphase transport experiments were carried out as de- 
scribed previously (1). A 3-ml. aliquot of the stock emulsion system 
containing the diethylphthalate was pipeted into 100 ml. of the 
aqueous release medium at zero time, and the amounts released to 
the aqueous phase were determined as a function of time. 


EXPERIMENTAL RESULTS 


Effect of Different Gelatin Fractions-Figure 3 gives the experi- 
mental results of diethylphthalate release obtained using whole 


Table 11-Partition Coefficients of Diethylphthalate' for 
Hexadecane-Aqueous Electrolyte Solutions at 23 "C. 


Y W i t h o u t  Gelatin-- -With Gelatin- 
Media Water 0.176 M 0.352 M Water 0.176 M 0.352 M 


- - - Water 54 + 8 - - 
Sodium 


sulfate - 94316 1 3 0 + 4  4 8 3 ~ 7  9 6 & 5  126+7 
Sodium 


Calcium 


Magnesium 


Magnesium 


chloride - 5 5 & 3  6 6 f 3  5 0 + 4  5 3 & 3  6 3 f 5  


chloride - 6 8 + 3  923x4 5 4 1 6  6 7 & 5  893x4 


chloride - 6 9 & 2  9 2 + 3  5 2 1 3  6 6 + 4  9 1 f 4  


sulfate - 8 9 f 3  1 2 2 f 5  4 9 + 4  9 1 1 5  1 1 8 f 8  


The concentration of diethylphthalate was 0.05096 ml./ml. and in 
all experiments, 1.0 ml. of oil phase or equivalent amount of emul- 
sion system ,was added to 100 ml. of the aqueous phase in a 250-ml. 
volumetric flask and shaken for 24 hr. * Standard deviations of tripli- 
cate or quadruplicate determinations. 
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Figure 6-Znfluence of electrolyte and the comparison of experi- 
mental release data with theoretically computed ones. C,  is the 
amount of diethylphthalate released, ml./ml., versus time in minutes. 
A 3.0-mf. aliquot of the emulsion system pretreated with 0.352 M 
calcium chloride was added to I00 ml. of aqueous medium at 23". 
Key: experimentalpoints, 0,0.352 M calcium chloride; 0, 0.176 M 
calcium chloride; A, water. Curves are theoretical values computed 
using Eqs. I and 2 with P = 5 X cm.[sec. 


gelatin and two fractions of gelatin (second and third fraction) 
under similar conditions. These stock emulsions were pretreated 
with 0.352 M sodium sulfate for 24 hr. prior to the release experi- 
ments in the various electrolyte concentrations. The differences in 
the release-rate data among the three fractions of gelatin used were 
within experimental error. 


Effect of Electrolytes-The experimental results obtained with 
five electrolytes-sodium sulfate, sodium chloride, calcium chloride, 
magnesium chloride, and magnesium sulfate-are shown in Figs. 
4-8. In these runs an emulsion system of essentially the same par- 
ticle size distribution was pretreated with a 0.352 M solution of the 
particular electrolyte for 24 hr. at 40". The release medium was 
either 0.352 M ,  0.176 Melectrolyte, or water at 23". 


These experiments showed that both electrolyte type and con- 
centration have significant influences upon the transport rate. 


A A 
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Figure 7-lnJuence of electrolyte and the comparison of experi- 
mental release data with the theoretically computed ones. C, is the 
amount of diethylphthalate released, ml.]ml., versus time in minutes. 
A 3.0-ml. aliquot of the emulsion system pretreated with 0.352 M 
magnesium ch1oride was added to 100 ml. of aqueous medium at 23". 
Key: experimental points, 0, 0.352 M magnesium chloride; 0, 
0.176 M magnesium chIoride; A, water. Curves are theoretical values 
computed using Eqs. I and 2 with P = 5 X cm./sec. 
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Figure 8-Influence of electrolyte and the comparison of experi- 
mental release data with the theoretically computed ones. C, is the 
amount of diethylphthalate released, ml./ml., versus time in minutes. 
A 3.0-ml. aliquot of the emulsion system pretreated with 0.352 M 
magnesium sulfate was added to 100 ml. of aqueous medium at 23". 
Key: experimental points, 0, 0.352 M magnesium sulfate: 0, 0.176 
M magnesium sulfate; A, water. Curves are theoretical values com- 
puted using Eqs. I and 2 with P = 5 X 11F6 cm./sec. 


However, as will be seen, the effects may be attributed entirely to 
the influences of salts upon the partition coefficient (see Table 11) 
and not the permeability coefficients. 


Figure 9 gives the results obtained employing different electrolyte 
concentrations in the pretreatment media prior to the release runs. 
As can be seen, little or no influence of the pretreatment was found. 
This suggested that, as far as salt interactions were concerned, es- 
sentially equilibrium conditions were present during the release 
period. 


Effect of Surfactants-The influences of two ionic surfactants, 
sodium lauryl sulfate and dodecylpyridinium chloride, upon the 
release rate in sodium sulfate solutions are shown in Figs. 1G13. 
The effects of both of these surfactants were found to be similar 
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Figure 9-Comparisot: of the experimental release of diethylphtlial- 
ate from emulsion systems pretreated with different electrolyte 
concentrarions. Three millilirers of emulsion system was added to 
100 ml. of aqueous medium at 23". Emulsion system was pretreated 
with 0.352 M sodium sulfate and released in: a, 0.352 M sodium 
sulfate; m, 0.176 M sodium sulfate; A, water. Emulsion system was 
pretreated with 0.176 M sodium sulfate and released in: a, 0.352 M 
sodium sulfate; I], 0.176 M sodium sulfate; A, water. Emulsion 
system was without electrolyte pretreatment and released in: 0, 
0.352 M sodium sulfate; Q0.176 M sodium sulfate; A, water. 
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Figure 10-Influence of sodium Iauryl sulfate and comparisori of the 
experimental release data with theory. C,  is amounr of diethyl- 
phthalate released, ml./ml., versus time in minutes. Three milliters 
of emulsion system pretreated with 0.352 M sodium sulfate and 0.1 Z 
sodium lauryl sulfate was added to 100 ml. of aqueous medium at 
23". Key: experimentalpoints, @, 0.493 M sodium sulfate; 0, 0.352 
M sodium sulfate; 0, 0.176 M sodium sulfate; A, water. The curves 
are theoretical values computed using Eqs. I and 2 and P = 6 X 
lo-' cm./sec. 


and showed marked enhancement of the release rates at relatively 
low concentrations. 


Experiments with polysorbate 80 were also attempted. However, 
the emulsions containing this material were found to be unstable 
with respect to coalescence. During the pretreatment stage, extensive 
cracking of the emulsion containing polysorbate 80 was observed. 


TREATMENT OF THE DATA AND DISCUSSION 


The experimental results presented in Figs. 4 1 3  may be analyzed 
by the theoretical methods discussed previously (1). Equations 
1 and 2, 


-dCoi 3DP(Coi/K - C,) 
(Eq. 1) ___-  - 


dt ai(D + aiP) 


L 


i =  1 
(C,  - E )  V ,  = 4/3r ai3 ni (Co* - Coi) (Eq. 2) 


give the two basic relations that can be used in the treatment of the 
data obtained in these studies. Here Ca; is the solute concentration 
in the droplet of radius a;, C, is the aqueous concentration, D is the 
diffusion coefficient of the solute in water, Pis the interfacial barrier 
permeability coefficient, CO* and E are the solute concentrations in 
the oil and aqueous phases at zero time, V ,  is the volume of the 
aqueous phase, K is the oil-water partition coefficient for the 
solute, ni is the number of droplets of sizes between ai and a$ + 
and t is time. Equation 2 assumes (1) that no binding of the solute 
occurs at the oil-water interface. This assumption should be reasona- 
ble in view of the partition coefficient data in Table I1 which shows 
that the presence of gelatin at the interface does not significantly 
alter the experimental partition coefficients. In the previous study 
(l), because of the higher electrolyte concentrations used, adsorption 
of diethylphthalate was found to be significant, and a modified 
form of Eq. 2 was found to be necessary for explaining the experi- 
mental data. 


Influence of Electrolytes-The results of theoretical computations 
employing Eqs. 1 and 2 and the computer program previously given 
(1) are presented as the curves in Figs. 4-8. The partition coefficients 
used were taken from Table I1 and the particle size distribution 
function, n, (ai), was taken from Table I. A value of 6 X 1 0 - 6  
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Figure 11-ZnJluence of sodium Iauryl sulfate and comparison of the 
experimenlal release data with theory. C ,  is amount of diethyl- 
phthalate released, ml./inl., versus time in minutes. Three milliliters 
of emulsion system pretreated with 0.352 M sodium sulfate and 0.01 
sodium Iauryl sulfate was added to 100 nil. of aqueous medium 
at 23". Key: experimental points, @, 0.493 M sodium sulfate; 0, 
0.352 M sodium sulfate; 0, 0.176 M sodium sulfate; A, water. 
The curves are theoretical values computed using Eqs. I and 2 and P = 
2.5 X 10-4cm./sec. 


cm.2/sec. was used for the diffusion coefficient. The theoretical 
release-time profiles were fitted to the experimental data by vary- 
ing the parameter, P, the permeability coefficient for the interfacial 
barrier. 


First it should be noted that the time-dependence agreement be- 
tween experiment and theory is generally good in all cases (Figs. 
4 8 ) .  The slight deviations are always in the direction of somewhat 
faster experimental release rates at early times. 


The most significant aspects of the comparison of experiments 
with theory is that a single P value of 5 X 10-6 cm./sec. quantita- 
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Figure 12-Influence of sodium Iauryl sulfate and comparison of 
the experimental release data with theory. C. is amount of diethyl- 
phthalate released, ml./ml., versus time in minutes. Three milliliters 
of emulsion system pretreated with 0.352 M sodium sulfate and0.001z 
sodium Iauryl sulfate was added to 100 ml. of aqueous medium at 
23". Key: experimental points, @, 0.493 M sodium sulfate; 0, 
0.352 M sodium sulfate; 17, 0.176 M sodium sulfate: A, water. 
The curues are theoretical values computed using Eqs. I and 2 and 
P = 1.2 X lP4cm./sec. 
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Figure 13-InjIuence of dodecylpyridinium chloride (DDPCI) and 
the comparison of the experimental release with theory. C, is amount 
of diethylphthalate released, ml./ml., versus time in minutes. Three 
miNiliters of emulsion system pretreated with 0.352 M sodium 
surfate and different concentrations of DDPCI was added to 100 
mi. 0.352 M sodium sulfate at 23”. Key: A, pretreated with 0.1 %: 
0, pretreated with 0.01 %; 0, pretreated with 0.001 % DDPCI. 
The curves are theoretical values computed using Eqs. I and 2 and 
P values of 6 X 2.5 X 10-4, and 1.2 X 10-4 cm.lsec. for the 
three concentrations of DDPCI, respectively. 


tively describes the data. This was unexpected in view of the large 
differences in the rates found in the different electrolyte media. This 
can only mean that the observed differences in the rate may be 
attributed entirely to the effect of salts upon K, the partition 
coefficient. The K values given in Table I1 show that a significant 
salt effect upon K exists which may be explained on the basis of a 
salting-out effect (7). 


The absence of the salt effect upon the permeability coefficient is 
somewhat surprising in view of the polyelectrolytic nature of gela- 
tin. This effect may, however, be related in part to Veis’ interpreta- 
tion (8) of acid-precursor gelatin having a relatively compact struc- 
ture and its configuration being less readily altered by environ- 
mental conditions. The absence of the salt effect may also be related 
to the concept that the main contribution to the interfacial barrier 
should arise from those interactions between gelatin, hexadecane, 
and water at the hexadecane side of the gelatin film. This effect may 
be enhanced by the possibility of surface denaturation (9) of the 
polymer at the oil interface. 


Influence of Surfactants-The results of theoretical computations 
employing the same procedure previously mentioned are shown as 
the curves in Figs. 10-13. For these calculations the partition coeffi- 
cients used were obtained from the terminal aqueous concentrations 
of the rate runs themselves. These values were generally slightly 
lower than those given in Table 11. 


First it should be noted that the shapes of the curves compare very 
well with the experimental results. The theoretical analysis of the 
surfactant effects was quite significant (Figs. 10-13). The P values 
obtained were 6 X cm./sec. for 
emulsion systems pretreated with 0.1, 0.01, and 0.001 surfactants, 
respectively. These P values were found to be independent of the 
electrolyte concentration. 


The permeability coefficients obtained with sodium lauryl sulfate 
and dodecylpyridinium chloride were found to be about the same at 


2.5 X lo-*, and 1.2 X 


the same percent surfactant concentration levels. Thus, it appears 
that both anionic and cationic surfactants operate by a similar 
general mechanism in influencing the permeability of diethyl- 
phthalate. These findings might be related to Pearson’s studies (10, 
11) which showed that cationic and anionic surfactants affect the 
surface viscosity of adsorbed protein films in a similar manner. 


Biopharmaceutical Significance-It is noteworthy that these 
values for interfacial resistance are of the same order of magnitude 
as those observed (12) in lipid bilayer transfer studies and therefore 
generate the idea that biological membrane barriers might be 
largely of interfacial nature. Also, as pointed out by Ghanem et at. 
(l), the low apparent diffusion coefficient (IO-Q-lO-l6 cm.2 sec.-l) 
observed by Blank et a/ .  (13) for the stratum corneum is of the 
same order of magnitude expected from the data obtained in these 
experiments. Other noteworthy results of this study are that the 
role of ionic surfactants in enhancing interfacial transport may 
closely parallel the influence of ionic surfactant in, for example, 
erythrocyte membrane permeability (14) or in enhancing transfer of 
drugs through the stratum corneum (15). 
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Hydrolysis of Procaine and Its Quaternary Derivatives 
within Lyotropic Smectic Mesophases 


K. S. MURTHY* and E. G. RIPPIE 


Abstract The effect of solvent anisotropicity on ester hydrolysis 
was studied in lyotropic liquid crystalline phases. Procaine hy- 
drochloride and two of its quaternary derivatives, procaine methyl 
chloride and procaine ethyl chloride, were employed as substrates, 
and an aqueous gel consisting of 55z polyoxyethylene tridecyl 
ether, identified as a neat smectic system, was chosen as the solvent 
medium. Pseudo-first-order rate constants for the hydrolysis were 
obtained in the apparent pH range 8.W11.40, at a temperature 
of from 30 to 50°, over a surfactant span of 5&65% in the meso- 
phase. Rate measurements were also carried out in aqueous media 
and in mixed aqueous systems containing polyethylene glycol 300 
and 400. The esters were located within the aqueous polyoxyethylene 
layers as indicated by their UV spectral characteristics. The reaction 
rates were found to be considerably slower (300- to 1100-fold) in 
the liquid crystalline phases than in aqueous media. The reactions, 
as they occur within the smectic phase, are characterized by rel- 
atively low apparent activation energies and by large negative 
entropies of activation. 


Keyphrases Procaine, quaternary derivatives, hydrolysis- 
lyotropic smectic mesophases Activation energies, entropies- 
procaine, derivatives, in lyotropic mesophases 0 Hydrolysis rate 
constants-procaine, derivatives, in lyotropic mesophases 0 UV 
spectrophotometry-solubilizate location, homogeneous gels 


Mesophases, also called mesomorphs or liquid crys- 
tals, are states of matter intermediate between crystalline 
solids and isotropic liquids (1). Molecules in this aniso- 
tropic state are orientated with their long axes parallel 
to one another. The molecules are typically elongated 
and are generally characterized by the presence of strong 
dipoles near the centers and weak dipoles near the ends. 
The parallel orientation of the molecules results both 
from intermolecular attractions and from the shapes of 
the molecules. Due to differences in the strengths of the 
molecular linkages in different directions, for these 
systems, the transition from the solid to the liquid state 
takes place in stages, with rising temperature. At lower 
temperatures the weaker bonds break first, resulting in 
the formation of meosphases. This is followed at higher 
temperatures by the loosening of the residual molecular 
associations when a true liquid state is attained (2). 


There are three different types of liquid crystalline 
phases (3). These are: smectic in which the molecules are 
arranged in the form of layers with their long axes 
parallel to each other in the layers and nearly normal to  
the plane of the layers; nematic where the molecules 
maintain parallel arrangement along their long axes but 
are not stratified ; and cholesteric where the molecular 
axes are parallel to the plane of the layers, but the direc- 
tion of the long axes of the molecules changes continu- 
ously in going from one layer to another, resulting in a 
helical structure. Cholesteric mesomorphism is exhibited 
by compounds derived from cholesterol, although cho- 
lesterol itself is not mesomorphic. 


Liquid crystalline structures may be prepared either 
by heating the crystalline solid (thermotropic meso- 


morphism) or by the addition of controlled amounts of 
polar solvents, generally water, to certain organic com- 
pounds (lyotropic mesomorphism). Many amphiphilic 
compounds, such as soaps and surfactants, having a 
tendency to form lyotropic mesophases on the addition 
of water, show the following general sequence of phases 
(4) : 


crystalline solid + neat phase -+ viscous isotropic phase + middle 
phase -f micellar solution -* molecular dispersion in water 


The term “neat phase” corresponds to the smectic 
mesophase where the molecules are arranged in the form 
of lamellar micelles consisting of parallel equidistant 
sheets of amphiphilic molecules separated by layers of 
water. In such systems, contact between the polar-polar 
and nonpolar-nonpolar portions of the molecules is 
maximized, resulting in a stable configuration. The 
“middle phase” is composed of long cylindrical micelles 
arranged in a two-dimensional hexagonal array with the 
polar groups forming the surface of the cylinders (5 ) .  


Several books and reviews dealing with liquid crystals 
have appeared in recent years indicating the importance 
of these structures to scientists in different disciplines 
(6-8). It is generally agreed that lipids exist in biological 
membranes as mesophases. The structural model for the 
plasma membrane proposed by Davson and Danielli (9) 
and Robertson (10) rests on the foundations of a bi- 
molecular lipid leaflet with protein absorbed on both 
faces. Artificially constituted bimolecular lipid mem- 
branes composed of neat smectic structures are currently 
employed as models for the study of properties of 
natural membranes (1 1). In spite of the recognition of 
the role of mesophases in biological systems, reports of 
systematic studies of reaction kinetics utilizing these 
structures as solvent media have been scarce. This is 
probably related to the fact that nonmesomorphic 
solutes in relatively low concentrations often tend to  
destroy or disrupt the parallel orientation of the mole- 
cules composing the mesophases. 


The only reported kinetic studies employing thermo- 
tropic mesophases as solvents were conducted by Sved- 
berg (12, 13) nearly 50 years ago. He studied the uni- 
molecular thermal decomposition of picric acid, 
pyrogallol, and trinitroresorcinol, a t  a temperature of 
140°, using p-azoxyphenetole as the solvent system. 
Swarbrick and Carless (14) studied the rate of oxidation 
of benzaldehyde in lyotropic mesophases encountered in 
ternary systems consisting of betaine-benzaldehyde- 
water. The reaction rates were found to be significantly 
lower in the mesophases when compared with the cor- 
responding rates in isotropic systems. Barry and Shotton 
(I  5 )  studied the acid-catalyzed hydrolysis of sodium 
dodecyl sulfate in the presence of 1-hexadecanol in a 
solvent medium containing perchloric acid at 60”. They 
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Figure I-Equilibrium phase diagram for the system polyoxyethylene 
(6) tridecyl ether + wafer showing regions ofisotropic liquid (L)  and 
liquid crystalline ( L a  phases. 


found an increase in the rate of hydrolysis of the sub- 
strate in the liquid crystalline phase and attributed this 
to  a decrease in the dielectric constant at the surface of 
the lamellar micelles constituting the phase. 


Because of the ordered arrangement of molecules 
within mesophases, reaction rates in these systems would 
be expected to exhibit significant solvent effects in many 
instances. The aim of this study was to investigate the 
effect of the anisotropicity of the solvent on the kinetics 
of ester hydrolysis, utilizing lyotropic liquid crystalline 
phases as the solvent media. Procaine hydrochloride 
(PHC) was chosen as the ester substrate, and an aqueous 
gel consisting of 55 polyoxyethylene (6 )  tridecyl ether 
was selected as the solvent phase. In order to determine 
the importance of steric and inductive effects in meso- 
phases, hydrolysis rates of two quaternary derivatives of 
procaine-procaine methyl chloride (PMC) and procaine 
ethyl chloride (PEC)-were also studied. For purposes of 
comparison, hydrolysis rates were also determined in 
aqueous and polyethylene glycol 300-water solutions. 


EXPERIMENTAL 


Materials-Polpoxyethylene (6) tridecyl ether.' As obtained 
commercially, this surfactant contained impurities exhibiting ab- 
sorbance in the UV region. Attempts to eliminate these UV-absorb- 
ing materials by treatment with ion-exchange resins and washing 
with strong alkalies and acids proved to be unsuccessful. Polyethyl- 
ene glycol 30O2 (PEG 300) and polyethylene glycol 4002 (PEG 400) 
USP, procaine hydrochloride3 USP. The two quaternary derivatives 
of procaine, PMC (m.p. 171-173") and PEC (m.p. 202"), were syn- 
thesized according to the procedure of Einhorn and Uhlfelder (16). 
The compounds were recrystallized from a mixture of ethyl alcohol 
and ethyl acetate and dried under vacuum at 80" for 12 hr. 


Anal.-Calcd. for C14H2aCIN202: C, 58.63; H, 8.08; C1, 12.36, 
N, 9.77. Found: C, 58.75; H, 8.35; C1,11.80; N, 9.38. 


Anal.-Calcd. for Cl5HZ5C1N2O2: C, 59.89; H, 8.38; C1, 11.79. 
Found: C, 60.01 ; H, 8.75; CI, 11.50. 


1 Marketed as Renex 36, lot no. 8404 B, Atlas Chemical Industries 
2 Ruger dhernical Co., Irvington, N. Y. 
J Matheson, Coleman & Bell, East Rutherford, N. J. 


Wilmington Del. 


Table I-Ultraviolet Absorption Maxima of the Substrates in 
Various Solvent Media 


Substrate Solvent Medium xmax. 
~~~ ~~~~ ~ ~~ ~ 


PHC Distilled watera 286.0 
PEG 300-water (42 %)" 295.0 
Mesophase (55 surfactantp 295.0 
n-Hexane 270.5 


PMC Distilled water 290.5 
PEG 300-water (42%) 298.0 
Mesophase (55  surfactant) 298.0 


PEC Distilled water 290.5 
PEG 300-water (42 %) 298.5 
Mesophase (55 surfactant) 298.0 


a Conditions: solvents buffered to pH 11.40. 


The buffers employed were as follows: for studies at pH 8.80 and 
9.70, borate; for pH 10.60 and 11.40, carbonate. n-Hexane4 spectro- 
quality reagent. All other chemicals were reagent grade. 


Equipment-Polarizing microscope6 equipped with Koeffler hot 
stage, centrifuge: spectrophotometer,? pH meter.8 For kinetic 
measurements in aqueous buffer solutions at pH 11.40 where the 
reactions are relatively rapid (half-lives of less than 20 min.), the 
reactions were conducted directly in silica cells housed within the 
thermostated compartment of the recording ~pectrophotometer.~ 


Procedure-Phase Diagram-Mixtures containing different con- 
centrations of surfactant were prepared by accurately weighing the 
surfactant and distilled water in small weighing bottles, melting in a 
water bath to obtain a homogeneous mass, stirring, and cooling to 
room temperature. The samples were allowed to equilibrate at 
room temperature for 48 hr. before being examined for liquid crys- 
talline characteristics. 


The identification of the sample as isotropic or liquid crystalline 
was made by visual and microscopic observations. In this system the 
mesophase was found to be a viscous, transluscent gel. The isotropic 
liquid was found to be fluid and transparent. Microscopic examina- 
tion was conducted on a small quantity of the sample placed on a 
clean glass slide with a coverslip placed lightly on top. The existence 
of birefringence was verified by observation under crossed polars 
employing a magnification of 10OX. The temperature of phase tran- 
sition was determined by heating the sample on the hot stage. The 
rate of heating was at first rapid; but as temperatures came close to  
the transition temperatures, the rate was maintained at 1 for every 5 
min. The temperature at which there was complete disappearance of 
birefringence, when viewed in the microscope under polarized light, 
was taken as the temperature of transition. At each surfactant con- 
centration, three such determinations were made and the average 
value was used. The phase diagram was also determined with the 
same concentrations of buffer salts as were later used in the kinetic 
experiments. No significant differences in visual appearance or 
microscopic features of the mixtures were observed due to the 
presence of the buffer salts. In all cases there was a slight lowering of 
transition temperatures of the order of 2" or less. 


Assay-The concentrations of the substrates, PHC, PMC, and 
PEC, in the various solvent systems were followed by measuring 
the absorbance at 306 mp. Para-aminobenzoic acid, the degrada- 
tion product of the substrates, does not absorb appreciably at this 
wavelength and the observed absorbance change was, therefore, 
taken as exclusively due to the presence of the substrates. Due to the 
insolubility of the surfactant in dilute aqueous solutions, the absorb- 
ance measurements were made for systems containing the surfactant 
in 2 0 z  ethanol-water solutions. All the kinetic studies were per- 
formed at an ionic strength of 0.1 adjusted with potassium chloride. 


Systems containing polyoxyethylene chains are generally found to 
be susceptible to auto-oxidative degradation (17, 18). Such a break- 
down of the polyoxyethylene in the systems under study would result 


~~~ ~~~ ~~ 


4 Mallinckrodt Chemical Works, St. Louis, Mo. 
6 Bausch & Lomb, C. Reichert Optische Werke A. G. 
6 Servall Superspeed Centrifuge, type ss, Ivan Servall, Inc., Norwalk, 
7 Beckman model DU, Beckman Instruments, Inc., Fullerton, Calif. * Beckman model GS, Beckman Instuments, Inc., Fullerfon, Calif. 


Conn. 


Cary model 14, Applied Physics Corp., Monrovia, Calif. 
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Table II-pH Dependency of the Apparent First-Order Rate 
Constants for the Hydrolysis of PHC in the Mesophase" 


Figure 2-Typical photomicrographs of rhe mesophase containing 
55 surfactant, polyoxyethylene (6) tridecyl ether, at room temper- 
ature under crossed polars and tnagnijication IOOX: (A) typical ani- 
sotropic sphrrulites; (B) neiwork of anisotropic threads and oily 
streaks. 


in a significant drop in pH. After some preliminary experimentation, 
a combination of sodium sulfite and hypophosphorous acid in con- 
centrations of 0.1 each was found to be effective in stabilizing 
against oxidation. In the course of preliminary experiments, it was 
also found that reaction rates were extremely low below an apparent 
pH of 8.00. Studies were, therefore, conducted at higher pH's. 
In a typical experiment the following procedure was employed. 


The theoretically calculated quantities of the buffer salts and the 
substrates were dissolved in distilled water. A measured volume of 
this buffer solution was pipeted into a conical flask containing a 


Table 11-Effect of the Solvent Medium on the Apparent 
First-Order Rate Constants for the Hydrolysis of the Substrates 


Buffered 
Mesophase Aqueous 


Apparent First-Order Solution 


Substrate hr.-1 k, hr.-l 


Rate Constant,a Apparent First-Order 
k X lo3 Rate Constant: 


PHC 
PMC 
PEC 


5 . 5 3 c  
3. 70d 
7.396 


1.69f 
4.09n 
4.34h 


Q Conditions: pH 11.40, temperature 50°,  surfactant concentration 
55 %. b Conditions: pH 11.40, temperature 50". C SD = * 3.0%. d S D  
= + 1.9 %. e SD = f 3.9 %. f SD = f 1.8 %. 
f2.1 z. SD = *2.3 %. SD = 


Apparent pH 
of the Mesophase 


Apparent First-Order 
Rate Constant, 


k X lo3 
hr.-l 


8.80 
9.70 


10.60 
11.40 


1.19* 
1 .  2gC 
3 . 3 5 d  
5.52" 


Q Conditions: temperature 50", surfactant concentration in the meso- 
phase 55 %. 0 SD = * 4.1 %. C SD = f4.5 %. S D  = *2.5 %. SD = 
+3.0%. 


previously weighed quantity of the surfactant such that the resultant 
gel contained the required concentration of the surfactant and was of 
the desired apparent pH. The ionic strength of the gel was main- 
tained at 0.1 by the addition of potassium chloride to  the aqueous 
solution whenever necessary. In order to obtain a homogeneous gel, 
the mixture of the surfactant and the aqueous salt solution was 
melted in a water bath and cooled. The necessary adjustments in the 
apparent pH of the mesophase were made by the addition of con- 
centrated solutions of sodium hydroxide or hydrochloric acid to the 
aqueous buffer solution. The gel was then subdivided accurately into 
5-g. portions in flasks of 10-ml. capacity. A similar set of flasks con- 
taining reference gel was also prepared at the same time in a manner 
identical to that of the sample gel but without substrate. To suppress 
any possible oxidation of the surfactants, the gels were degassed with 
a stream of nitrogen and the flasks were tightly stoppered, sealed, and 
protected from light. At appropriate intervals, duplicate samples 
were withdrawn, diluted with 4 0 x  ethanol-water solution, and 
analyzed spectrophotometrically with an appropriately treated 
blank in the reference compartment of the spectrophotometer. 


The apparent pH of the mesophase was determined at a room 
temperature of about 25 at the start of each kinetic experiment. At 
subsequent intervals, the pH of the solutions used for the assay were 
measured to monitor the pH of the gel. 


UV Absorption Spectra-The UV absorption spectra of solubili- 
zates have been utilized for determining their location within the 
different regions of the micelle (19, 20). To prepare the mesophase 
for UV examination, the homogeneous gel was introduced into 
the cells with the aid of a syringe. The cells were held in a water 
bath at 75" until the air bubbles entrapped in the gel were driven 
off. Because of this procedure, the theoretically added amounts of 
the substrates could not be retained in the samples. Comparisons 
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Figure 3-Arrhenius plots of the hydrorysis reaction in the mesophase 
containing 55% surfactant at pH 11.40. Key: A, PHC; 0, PMC; 
and 0, PEC. 
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Table IV-Activation Parameters for the Hydrolysis Reactions in 
the Mesophase and in the Aqueous Solution 


Energy of Frequency 
Activation, Entropy, Factor, 


Substrate kcal./mole e.u. sec.-l 


PHCQ 7.60 -26.9 3 .3  x 106 
PMCQ 2.21 -43.8 1.9 x 103 
PECa 8.08 -24.8 2.5 X lo6 
PHCb 13.80 -23.8 4.0 x 107 


(1 Conditions. solvent, mesophase, pH 11.40, surfactant concentration 
55  % . b  Condition.;: solvent, aqueous solution, parameters obtaincd from 
Reference 25. 


Table V-Apparent First-Order Rate Constants for the 
Hydrolysis Reaction of the Substrates in PEG 300-Water 
(42 %) Mediuma 


~ ~ ~~~~ ~ ~ 


Apparent First-Order 
Rate Constant, 


k X lo2 
Substrate hr.-l 


PHC 3.06* 
PMC 2. 09c 
PEC 1.99d 


Conditions: pH 11.40, 
+3.1% d S D  = +1.8%. 


temperaturc 50". GSD = 


were, therefore, made on the basis of wavelength of maximum ab- 
sorption. 


RESULTS AND DISCUSSION 


The regions of temperature and composition for the occurrence of 
mesophase and isotropic liquid in the surfactant-water mixtures are 
presented in Fig. 1. The general features of the diagram are similar to 
that reported in the literature for systems of this type (21). At room 
temperature, liquid crystalline phases were found to occur in the 
surfactant concentration range 44-76 % wiw. It has not been possible 
to determine the region where both the phases, isotropic liquid and 
mesophase, coexist. Typical photomicrographs of the mesophase ob- 
served under crossed polars are presented in Fig. 2. The anisotropic 
spherulites, both positive (extinction arms narrowest at the center of 
the cross) and negative (extinction arms broadest at the center of the 
cross), encountered in this system represent one form of focal conic 
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Figure &Plot showing the effect of surfactant concentration in the 
mesophase on !he rate of hydrorysis of PHC at 50" and at pH 9.70. 
Key: 0, 65%; A, 55z; and 0,50%. 


Table VI-Effect of PEG 401) on the Apparent First-Order 
Rate Constants for the Hydrolysis of PHC' 


Surfactant Concn., 
% wlw 


~~ ~ 


Apparent First-Order 
Rate Constant, 


k X lo3 
hr.-l 


50 
55 
65 


~ 


2.08  
1 . 29c 
0.97d 


a Conditions: apparent pH of the mesophase 9.70, temperature 50". 
b S D  = * 4 . 9 % . c S D  = 3 ~ 4 . 5 z . d S D  = =t5.1z. 


texture characteristic of smectic structures. Current theories do not 
consider the middle phase to be smectic (22) since it does not assume 
any focal conic arrangement. Mixtures containing 50, 55, and 65 % 
surfactant did not show any phase separation when equilibrated at 
50" or when centrifuged at room temperature for 7 hr. at 7000 r.p.m. 
The temperature of transition from the mesophase to the isotropic 
liquid at 50, 55,  and 65 surfactant concentrations are 69, 69, and 
64", respectively. For nonionic surfactant systems, the two-phase 
region consisting of isotropic liquid and liquid crystalline phases is 
narrow, and it is reasonable to assume that at 50°, the highest tem- 
perature at which the rate studies were carried out, the system is 
composed of neat smetic phase only. 


From the data presented in Table I, it is apparent that the wave- 
length of maximum absorption for all three substrates in the meso- 
phase are very close to those in the PEG 3Wwater mixtures but 
significantly different from those in n-hexane and in distilled water. 
This indicates that the esters are located within the polyoxyethylene 
layers of the lamellar micelle. 


Kinetic Studies-Pseudo-first-order rate constants for the hy- 
drolysis of the substrates were obtained from least-squares calcula- 
tions of the slopes of the plots of log absorbance uersus time. The 
apparent first-order rate constants for the hydrolysis of the sub- 
strates in the mesophase containing 5 5 %  surfactant and the cor- 
responding rate constants in simple aqueous buffered solutions at 
pH 11.40 are presented in Table 11. The pH dependence of the 
pseudo-first-order rate constants in the mesophase is shown in 
Table 111. A typical Arrhenius plot for the hydrolysis reaction in 
the mesophase is shown in Fig. 3. The value of the heat of ionization 
of water taken from the literature (23) (12.27 kcal./mole) was sub- 
tracted from the observed values to obtain the apparent energies of 
activation as given in Table IV. The entropy of activation and the 
frequency factors were calculated from the well-known Eyring equa- 
tion on absolute reaction rates (24). All data are consistent with the 
mechanism of hydrolysis (see Scheme I) proposed by Higuchi et al. 
(25) for procaine in strongly alkaline solutions (Fig. 4). 


It 


1 


Scheme I 


Since the UV absorption data of the esters in the various solvent 
phases indicated that these substrates were located within the 
aqueous polyoxyethylene layers of the micelle, the reaction rates 
were also determined in a medium simulating the environment of the 
substrates in the mesophase. If the substrates are protected from 
hydrolytic reaction by the polyoxyethylene chains, then a medium 
which corresponds in molecular composition to the polyoxyethylene 
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Table VII-Effect of PEG 400 on the Apparent First-Order Rate 
Constants for the Hydrolysis of PHCa 


PEG 400 Concn., z WIV 


Apparent First-Order 
Rate Constant, 


k X lo2 
hr.-l 


35 
40 
45 


4 . 4 8  
2 . 8 7 ~  
2.32d 


a Conditions: pH 11.40, temperature 50”. b SD = *2.2%. C SD = 
* 1 . 8 % . d S D  = 1.7%. 


portion of the surfactant in the mesophase should result in a signifi- 
cant lowering of the observed rates. The results of the rate constants 
determined in such a medium are given in Table V. 


Also, under these conditions, increase in the concentration of 
ethylene oxide in the solvent system should lower the observed rates. 
Such an increase in the ethylene oxide concentration can be brought 
about either by an increaseinthe PEG concentrationor by an increase 
in the surfactant concentration. Rate constants obtained in both 
cases are presented in Tables VI and VII. An examination of this 
data shows that, although polyoxyethylene exerts a shielding action, 
reducing the rates of decomposition, the observed rates in PEG 300- 
water systems are higher than in the mesophase. While no definite 
arguments can be offered to explain the observed differences in the 
two media, it is probable that these results may reflect differences in 
the precise orientation of the esters in the two media and their ac- 
cessibility to hydrolytic attack. This is especially important in view of 
the results indicating that the reactions are strongly inhibited with 
an increase in surfactant concentration in the medium. 


The degree of protection conferred by polyoxyethylene chains 
appears to be dependent more on the concentration than on the 
chain length. The small differences observed in the rates of hydroly- 
sis between the two quaternary compounds, PMC and PEC, both in 
aqueous and in PEG 300-water mixtures, are within the range of ex- 
perimental error, and no significance can be attached to them. 


SUMMARY 


Equilibrium conditions of temperature and composition at which 
lyotropic mesophases occur were established for the system poly- 
oxyethylene (6) tridecyl ether-water. Employing substrate concen- 
trations of the order of 1 X M ,  hydrolytic decomposition rates 
of procaine and two of its quaternary derivatives, PMC and PEC, 
were determined spectrophotometrically in a medium consisting of 
55 % surfactant and identified to be of neat smectic type. Apparent 
energies and entropies of activation were calculated for the reactions 
in the mesophase from rate measurements in the temperature range 
30-50”. The reactions, as they occur in the mesophase, appear to be 
characterized by low Arrhenius energies of activation and large 
negative entropies. On the basis of UV spectral characteristics, it was 
inferred that the substrates are located in the polyoxyethylene region 
of the lamellar micelles. Kinetic measurements in a 42% PEG 300- 
water system, which corresponds in composition to the polyoxy- 
ethylene portion of the micelle, indicate that the reaction rates are 
significantly retarded by the polyoxyethylene chains. The degree of 
retardation appears to be dependent upon the concentration of PEG 


in the system. The available data do not appear to indicate any 
change in the reaction mechanism for the hydrolysis of procaine in 
the mesophase from that in simple aqueous solutions. 
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N O T E S  


Physical Chemistry of Ergot Alkaloids and Derivatives I: 
Ionization Constants of Several Medicinally Active Bases 


H. V. MAULDING and M. A. ZOGLIO 


Abstract 0 A novel procedure is presented for determination of the 
ionization constants of several pharmacologically active naturally 
occurring ergot alkaloids and their congeners. For this purpose 
use was made of the complexation and consequent solubilization of 
these poorly soluble molecules by certain xanthines with special 
emphasis on 7-p-hydroxypropyltheophylline. This method allows 
an approach to investigation of the approximate pKa values of the 
proteinaceous alkaloids such as ergotamine which resisted the usual 
means available for measurement of dissociation constants. It is 
also illustrative of the weak attractive forces present in complexes of 
this nature. 


Keyphrases 0 Ergot alkaloids, congeners-ionization constants, 
determination 0 Dissociation-constant determination-meth- 
odology 0 Titration, aqueous-dissociation-constant determina- 
tion 


Difficulties were experienced on attempted evaluation 
of the ionization constants for various ergot alkaloids 
and their analogs. The insolubility of the bases in 
aqueous media has been discussed previously by the 
authors (1-3). This limitation is likewise encountered in 
ethanol-water solutions sometimes employed with ap- 
parent success in pKa measurements (4). The alkaloidal 
base, ergotamine, exhibits little solubility in polar sol- 
vents such as ethanol and propylene glycol, and this is 
the situation with many related compounds. Ergotamine 
and other ergot alkaloids possess an UV spectrum but 
only small differences are discernible between the 
ionized species at pH 2 and the neutral species at pH 11, 
thus precluding this route for analysis of the ionization 
constants. Somewhat erratic solubility properties have 
been noted in this laboratory for ergot alkaloids and 
derivatives when the cyclic tripeptide moiety is intact, 
leading to a lack of precision and confidence in a pKa 
obtained by this technique. 


Preliminary investigations and previous communica- 
tions (1-3) indicated an elevation in solubility of the 
neutral molecule as well as prevention of its precipitation 
upon inclusion of certain xanthines. A study was under- 
taken to detect if this phenomenon would have applica- 
bility in measurement of ionization constants of these 
relatively complex molecules. 


EXPERIMENTAL 


Dissociation constants were determined by titration of the hydro- 
chlorides or methanesulfonates of the bases in aqueous solution 
(0.005 mole of the methanesulfonate salt or 0.005 mole of the base 
solubilized by 5 rnl. 0.1 N HCI in 92.5 ml. freshly boiled water) 
along with 1Ck20 g. 7-P-hydroxypropyltheophyll~ne (see Table I). 
This solution was titrated with 10 equal increments (0.5 ml.) of 


Table I-Ionization Constants of Ergot Alkaloids and 
Derivatives" 


z 
Compound Xanthineb PKa 


1. Methysergide 0 6.62 (zt 0.02)" 
2. Methylergonovine 0 6.65 (.t 0.03)" 
3. Dihydroergocristine 10 
4. Dihydroergocriptine 10 


6.74 (=t 0.02)d7 ' 
6.74 (* 0.02)d+ 


5. Dihydroergocornine 10 6.76 (=k 0.02)dr 
6. Dihydroergotamine 10 6.75 (=!= 0.03)dv 
7. Ergostine' 15-20 6.30 (41 0.04)d* ' 
8. Ergotarnine' 15-20 6.25 (31 0.04)d9 
9. Ergotaminine' 15-20 6.72 (zt 0.04)d2 


a All measurements at 24". b 7-&Hydroxypropyltheophylline. c Ther- 
modynamic ionization constant. d Measured pKa values in presence of 
corresponding xanthine percentage (Column 2). 6 Corrected pKa values 
for Compounds 3-9 are 6.89 (+0.07), 6.89 (+0.07), 6.91 (*0.07), 
6.90 ,(*0.08), 6.45 (*0.09), 6.40 (+0.09), and 6.87 (3=0.09), re- 
spectively, and are calculated by addition of 0.15 (*0.05) to thelmea- 
sured values (Column 3) and should closely approach the thermody- 
namic pKa. See under Resuits and Discussion. I Excess HCI added for 
dissolution of base followed by neutralization with KOH. 


carbonate-free 0.1 N KOH. The pH was taken initially, following 
each portion of KOH titrant, and nine values for the ionization con- 
stant calculated in each case (5). 


The same procedure was carried out with the two relatively 
soluble bases, methysergide and methylergonovine, except the 
xanthine was omitted. 


MATERIALS 


Ergotamine base was twice recrystallized from acetonewater 
(90 ml. acetone: 10 ml. water); methysergide base was recrystallized 
four times from methanol-water (10 ml. methanol:40 ml. water), 
followed by drying at 50" (1 mm.) for 24 hr. 


Other alkaloidal bases and methanesulfonate salts were chromato- 
graphically pure (traces of contaminants) and were dried overnight 
at 50" (1 mm.). 
7-~-Hydroxypropyltheophylline, rn.p. 135-1 38' (Ganes Chemical 


Works, Inc., New York) was used. 
Tris(hydroxymethy1)aminomethane (THAM) (primary standard), 


pKa = 8.18 at 20" (Fisher Sci. Co., Fairlawn, N. J.) was used. 
The pH values were measured on a Metrohm pH meter using 


electrodes' standardized on 0.05 M potassium hydrogen phthalate 
(pH 4.0,24") and 0.05 Msodium borate (pH 9.20,24"). All measure- 
ments were made at 24". 


RESULTS AND DISCUSSION 


Utilization of mixed solvent systems in evaluation of dissociation 
constants for substances showing poor aqueous solubility has been 
made rather frequently since the procedure was first reported (6). 
Although this expediency should probably be avoided whenever 


1 Corning triple-purpose glass electrode No. 476020 and calomel 
electrode No. 476002, Corning Glass Works, Medfield, Mass. 


700 0 Journal of Pharmaceutical Sciences 







possible (9, there are circumstances where it must be resorted to for 
obtaining anything resembling satisfactory pKa values. 


It has been seen in this laboratory that ergotamine and other 
alkaloids of ergot having a cyclic tripeptide attached to the lysergic 
or isolysergic portions of the molecule generally exhibit low solu- 
bility not only in water but in many water-miscible solvents. This 
fact tends to complicate titrimetric analysis. Fortunately the ioniza- 
tion constants of protonated amines, such as dihydroergocristine 
methanesulfonate, are frequently little different in mixed solvents 
than in water alone. 


Neutral xanthines possess the ability to solubilize the free alka- 
loids to some extent (I), and it was hoped by this means titration 
could be carried out. The xanthine, 7-P-hydroxypropyltheophylline, 
was chosen for extensive work because of its high water solubility 
relative to caffeine, theophylline, and others. The results of the study 
are listed in Table I. 


The compounds in Table I have three or more nitrogen atoms 
present in their structures; however, only the ring nitrogen located 
in the tetrahydropyridine or hexahydropyridine moieties of the 
lysergic and isolysergic acid portions (7-9) need be considered in 
this work. The indole nitrogen (amine) in the lysergic or isolysergic 
acid fragment is weakly basic and of no consequence in normal pH 
ranges (7). The amide nitrogen present in methysergide and methyl- 
ergonovine (Table I, Compounds 1 and 2) displays insignificant pH 
effect over the interval investigated, and this holds for the additional 
peptide nitrogens of the more complex molecules (Table I, Com- 
pounds 3-9). 


The pKa values were calculated using the expression 


BH+ 
pKa = pH + log ~ B 


where BH+ = alkaloidal salt concentration (HCI or methane- 
sulfonate) and B = alkaloidal base concentration. No correction 
was necessary for OH- or Hf ions in the range of p H s  studied. 
KOH titrant was added in 10 equal increments and the pKa value 
obtained for each of the nine points ( 5 ) .  Results with a precision of 
less than ~ t0 .04  were rejected. 


A slight perturbation of the ionization constant was evidenced 
with the more soluble compounds in Table I, methysergide and 
methylergonovine, on inclusion of xanthine. Since these materials 
have the capacity to complex as well as ergotamine and the other 
ergot derivatives studied (1-3), this parameter is present in all com- 
pounds under consideration. Measured pKa values for these two 
substances declined upon introduction of 7-P-hydroxypropyl- 
theophylline in quantities of 2 to 30 g./IOO ml. solvent. There was 
little change in the measured pKa (Table I, Column 3) following this 
initial drop of 0 . 1 4 2  units, 0.15 (+0.05),2 on addition of xanthine. 
Extrapolations of the data as a plot of pKa versus percent xanthine 
would certainly produce erroneous values. This may be seen in 
Fig. 1 in the case of methysergide, where extrapolation would lead 
to a pKa somewhat lower than it actually is. It may be noted in 
Fig. 1 that there appears this small initial alteration of the ioniza- 
tion constant on addition of the xanthine followed by a degree of 
leveling. 


In some of the proteinaceous alkaloids, such as dihydroergocristine 
and dihydroergocriptine, the end values could be obtained for the 
previously stated equation before precipitation of the free base 
took place, where BH+/B = 39/1 to 9/1. In these instances the dis- 
sociation constants derived from these calculations were found to 
be greater by the previously stated increment, 0.15 (10.05)2 than 
the observed pKa when sufficient xanthine was present to solubilize 
the alkaloid. The quantities of 7-P-hydroxypropyltheophylline 
used (Table I, Column 2) were those experimentally found to hold 
the base in solution. This lowering of the ionization constant OC- 
curred with THAM and remains fairly constant over a wide pro- 


2The value, 0.15 (&0.05), does not refer to the precision of the 
experimental results but to a lowering of the pKa value by 0.1 to 0.2 on 
addition of xanthine. The precision of all values obtained with xan- 
thine are listed in Column 2, Table I. 


P 


6.60 t 


6.40 
0 10 20 30 


’3% XANTHINEADDED (g./lOO ml.) 


Figure 1-Plot of -log Ka (pKa) measured for methysergide 
(0.01 mole of HCl salt in 100 ml. water; precision of experimental 
results not indicated but greater than 3~0.03 in every case) against 
the concentration of 7-~-hydroxypropyltheophylline (g./100 ml.). 
Key: 0, pKa at zero xanthine concentration-thermodynamic pKa; 
and a, measured pKa in presence of amount of xanthine indicated on 
abscissa. 


portion of xanthine levels. Caffeine, theophylline, and other analogs 
give satisfactory results for many of these ergot derivatives when 
employed for pKa determination. 


The numbers in Table I (superscript e,  are the corrected pKa 
values for Compounds 3-9 and are the best obtainable from avail- 
able data. Each of these values is derived by addition of this factora 
to the measured pKa (Column 3), excepting Compounds 1 and 2 
where the thermodynamic ionization constant could be found by 
titration. Although no claim is made regarding their exactness, 
these values should closely approach the thermodynamic ionization 
constant. 


This method offers a serviceable approach to determination of 
the ionization constants of the ergot alkaloids and derivatives of 
proteinaceous nature. It is extremely reproducible and easy to ap- 
ply. The small effects demonstrated by rather large quantities of 
complexing agent on the pKa give more circumstantial evidence for 
the weak attractive forces present between the two types of mole- 
cules. 
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DRUG S T A N D A R D S  


Gas Chromatographic Determination of Glycerol 
Guaiacolate in Pharmaceutical Preparations 


JOSEPH HUDANICK 


Abstract 0 A sensitive gas chromatographic method was developed 
for the assay of glycerol guaiacolate contained in various phar- 
maceutical preparations. The method, based upon the chromatog- 
raphy of the trimethylsilyl derivative, has good precision and the 
desired specificity. A choice of columns and operating conditions 
is given in order to facilitate assaying a variety of formulations. 


Keyphrases Glycerol guaiacolate dosage forms-analysis 0 
Salicylate-glycerol guaiacolate dosage forms-analysis 0 GLC- 
analysis 


Glycerol guaiacolate, 3-(o-methoxyphenoxy)-l,2- 
propanediol, is used in various asthma, cough-preven- 
tive, and similar preparations as the expectorant-antitus- 
sive ingredient. 


Its determination is difficult since it is usually found 
in formulations containing several ingredients and a 
satisfactory specific color reaction has not been re- 
ported. A separation of the compound from the other 
ingredients is generally required prior to assay. Among 
the assay methods reported in the literature are: a thin- 
layer method (I), a paper chromatographic method (2, 
3), and a gas chromatographic (4) method via the acetate 
derivative, with all of the methods being time consum- 
ing even though they do have a measure of specificity. 
The gas chromatographic method requires a 90-min. 
esterification step in addition to extraction. 


A simpler and more rapid method was needed in 
the author's laboratory for the assay of the compound 
in a variety of formulations, and it was found that the 
most suitable one was a gas chromatographic deter- 
mination uiu the trimethylsilyl derivative. Using this 
approach, it was found that ingredients commonly 
found associated with glycerol guaiacolate such as 
ephedrine sulfate, theophylline, chlorpheniramine male- 
ate, and phenobarbital did not interfere. Interference 
from salicylates is eliminated by extracting glycerol 
guaiacolate from an alkaline solution with chloroform 
prior to  formation of the derivative. 


For the chromatography of the trimethylsilyl deriva- 
tive, either a 45.72-cm. (1.5-ft.) column packed with 
5x SE-52 on diatomaceous earth1 or a 152.4-cm. 
(5-ft.) column packed with 5 %  SE-30 on diatoma- 
ceous earth' is satisfactory for use with a flame ioniza- 
tion-equipped gas chromatograph. The trimethylsilyl 


1 Gas Chrom Q, Applied Science Laboratories, Inc., State College, 
Pa. 


derivative of n-butyl-p-hydroxybenzoate is used as an 
internal standard when assaying for glycerol guaia- 
colate. Typical chromatograms are shown in Figs. 1 
and 2. The retention times for the glycerol guaiacolate 
trimethylsilyl derivative are 8.5 min. on the SE-30 column 
at 150" and 7.5 min. on the SE-52 column at 130". The 
n-butyl-p-hydroxybenzoate derivative has a retention 
time of 5.5 min. on the SE-30 column at 150" and 5.5 
min. on the SE-52 column at 130". 


EXPERIMENTAL 


Instrumentation-For the chromatography of the derivative, a 
gas chromatograph equipped with flame ionization detectors 
(Aerograph 1520, Varian) and operated in the isothermal mode is 
suitable. Either a 152.71-cm. (5-ft.) long, 0.38-cm. (0.125-in.) internal 
diameter stainless steel column packed with 5 SE-30 on diatoma- 
ceous earth or a 46.03-cm. (1.5-ft.) long, 0.38-cm. (0.125-in.) internal 
diameter stainless steel column packed with 5% SE-52 on diatoma- 
ceous earth is used. The SE-30 column is used with an oven tempera- 
ture of 150" and the SE-52 column is operated at 130". In either case, 
the injector temperature is 225 O and the detector temperature is 250" 
with helium as the carrier gas at a flow rate of about 50 ml./min. The 
detector response is recorded on a strip-chart recorder (Sargent S.R.) 
having a 1 .O-mv. span and a chart speed of 0.2 in./min. 


Reagents-Commercial catalyst reagent (Tri-Syl, Pierce Chemical 
Co., Rockford, Ill.), acetone, chloroform, saturated aqueous sodium 
chloride solution, sodium hydroxide, n-butyl-p-hydroxybenzoate 
(Eastman Kodak), and anhydrous sodium sulfate. All chemicals 
are reagent grade and the solvents are redistilled. 


Relative Responses of the Trimethylsilyl Derivatives of Glycerol 
Guaiacolate and n-Butyl-p-hydroxybenzoate-From a chloroform 
solution of glycerol guaiacolate (concentration of 10 mg./ml ), 
transfer aliquots representing 30, 40, and 50 mg. of glycerol guaia- 
colate to separate 15-ml. centrifuge tubes. To each add 40 mg. of 
rz-butyl-p-hydroxybenzoate (from a chloroform solution) and evap- 
orate to dryness on a steam bath under a gentle current of air. 
Add to each tube 0.5 ml. of Tri-Syl reagent, stopper, mix thoroughly, 
and allow to stand for about 2-3 min. Dilute each to 10 ml. with 
acetone and mix thoroughly. 


Inject a 2.O-pl. aliquot of each solution into the chromatograph, 
using either the SE-30 or SE-52 column under the conditions pre- 
viously described. Record the detector response using a chart speed 


Table I-Recovery of Glycerol Guaiacolate 
from Prepared Mixtures 


Glycerol 
Guaiacolate 


Batch No. Added, mg. Recovery, 


1 
1 


100 
100 
100 
100 
100 
100 


98.5 
100.0 
98.1 


101 .o 
98.0 
99.0 
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Figure 1-Gas chrotnatogrum of TMS derivatives of glycerol guaia- 
colare (C)  and n-bitty/-p-hydroxybennzoale (B) on 5% SE-30 at 
150". Peak A is the solvent. 


of 0.2 in./min. and a span voltage of 1.0 mv. Attenuation is about 
32X. Calculate the relative response factor Fusing the equation: 


F = (PB/Pd x (WilW,) 


where P,  is the peak height of the n-butyl-p-hydroxybenzoate de- 
rivative, P ,  is the peak height of the glycerol guaiacolate derivative, 
Wi is the weight of the n-butyl-p-hydroxybenzoate injected, and 
W ,  is the weight of the glycerol guaiacolate injected. 


The F factor used in subsequent analytical calculations is the 
average of :he F's found. 


Determination in Tablets Not Containing Salicylates-Thoroughly 
grind the tablets to a fine powder, weigh accurately a portion 
equivalent to about 100 mg. of glycerol guaiacolate, and transfer 
to a glass-stoppered conical flask containing 100 ml. of chloroform. 
Shake thoroughly for about 30 min. and then filter or centrifuge to  
obtain a clear solution. Transfer an aliquot containing the equiva- 
lent of about 40 mg. of glycerol guaiacolate to a glass-stoppered 
conical flask, add 40 mg. of the internal standard, and evaporate to 
dryness. Then add 0.5 ml. of Tri-Syl, stopper, and allow to stand 
for 2-3 min. Dilute the mixture to 10 ml. with acetone and mix 
thoroughly. Inject a 2 . 0 4 .  aliquot into the chromatograph and 
record the response as previously described. Calculate the amount 
of glycerol guaiacolate per tablet as follows: glycerol guaiacolate 
mg./tablet = (P , /Pt )  X (Wt,/F) x (DIS), where P, is the peak 
height of the glycerol guaiacolate, P, is the peak height of the in- 
ternal standard, wb is the weight of the internal standard, D is 
the dilution factor, S is the sample weight, and F is the average 
response factor. 


Determination in Tablets and Fluids Containing Salicylates- 
Transfer an accurately measured sample equivalent to about 200 
mg. of glycerol guaiacolate to a separator, dilute to about 25 ml. 
with water, add 25 ml. of saturated sodium chloride, and make 
alkaline with sodium hydroxide. Extract with five 45-ml. portions 
of chloroform, filter through anhydrous sodium sulfate, and com- 
bine the chloroform extracts in a 250-ml. volumetric flask. Dilute 
to volume with chloroform. Withdraw an aliquot containing about 
40 mg. of glycerol guaiacolate, add 40 mg. of internal standard, and 
proceed as previously described. 


Recovery of Glycerol Guaiacolate from Mixtures-In order to 
test the recovery of glycerol guaiacolate when compounded into 
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Figure 2-Gas chromatogram of T M S  derivatives of glycerol 
guaiacolate (C)  and n-butyl-p-hydroxybenzoate (B) on 5 SE-52 
at 130". Peak A is the solvent. 


various mixtures, three batches of tablets were made containing the 
following ingredients: Batch 1, glycerol guaiacolate 100 mg., 
phenobarbital 16.25 mg. (0.25 grain), theophylline 162.5 mg. (2.5 
grains), ephedrine sulfate 25 mg., and excipient. Batch 2, glycerol 
guaiacolate 100 mg., theophylline 162.5 mg. (2.5 grains), ephedrine 
sulfate 25 mg., chlorpheniramine maleate 2.0 mg., and excipient. 
Batch 3, glycerol guaiacolate 100 mg., sodium salicylate 130 mg. 
(2.0 grains), ephedrine sulfate 25 mg., theophylline 130 mg. (2.0 
grains), and excipient. 


The results of the assays are shown in Table I. 


CONCLUSIONS 


An average recovery of 99.1 (SD = 1.1) may be achieved by 
the gas chromatographic method of assay of fluids and tablets. 
The method is straightforward, rapid, and has the desired speci- 
ficity. A choice of columns and operating conditions is given for 
assaying various formulations. The amount of glycerol guaiacolate 
that can be estimated may be quite small by using the gas chromato- 
graph to the limit of its sensitivity and by manipulation of the 
sample size. 
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Statistical Techniques in Predicting Thermal Stability 


DONALD L. BENTLEY 


Abstract IJ In developing new pharmaceutical products it is 
often necessary to predict degradation rates at marketing tem- 
peratures from data collected on accelerated degradation taken 
at elevated temperatures. A technique for predicting degradation 
rate based on the Arrhenius equation was presented by Garrett in 
1956. While his method is characterized by ease of computation 
involved (necessary due to scarcity of computer facilities at that 
time), it violates a number of assumptions upon which least- 
squares analysis is based, and hence inferences made from the 
results can be misleading. This report presents a method based on 
weighted least-squares analysis which can easily be adapted for 
computer analysis. Comparisons are made with the method sug- 
gested by Garrett to illustrate differences in technique and the 
effect the basic assumptions have upon the results obtained by the 
two methods. A statistical test is presented for determining the ap- 
plicability of the Arrhenius relation to the data at hand. Finally, 
the technique is illustrated by application to chloramphenicol. 


Keyphrases 0 Thermal stability-statistical techniques for predic- 
tion, equations derived 0 Arrhenius least-squares equations, ther- 
mal stability-comparison, evaluation 0 Chloramphenicol, thermal 
stability-statistical determination 0 Degradation rates-chlor- 
amphenicol 


In 1956 Garrett (1) published a paper recognizing the 
economic benefits of predicting thermal stability of a 
drug from data collected at elevated temperatures. The 
method outlined by Garrett was a simple approximation 
to a method of fitting the Arrhenius relation by weighted 
least-squares analyses suggested by McBride and Villars 
(2) in 1954. The approximation suggested by Garrett 
gained a great deal in ease of computation, yet sacrificed 
in the extent to which valid inferences could be derived 
from the results. Until 1960 ease of computation was of 
primary concern due to scarcity and cost of computer 
time, but today even the smallest company can easily 
rent computer time at  a reasonable cost. However, the 
approximate solution suggested by Garrett is the stan- 
dard method used today (3 ,  4). 


The purposes of this paper are to outline a 
method for predicting stability as based on the weighted 
least-squares technique, to illustrate why weighted least 
squares should be used in lieu of the unweighted ap- 
proximation, and to present a statistical test for the 
validity of the Arrhenius assumption which can easily be 
computed from the results of the weighted method. 


Appendix 1 contains the mathematical formulas in- 
volved in the weighted least-squares analysis. 


THEORETICAL 


Arrhenius Relationship-The functional relationship between 
time and concentration of a drug stored under constant conditions 
is dependent upon order of reaction and a rate constant which 
determines speed of reaction. A thorough discussion of methods 
for picking proper order is outside the scope of this paper and the 
assumption will be made that correct order can be determined. An 
example of a typical situation is the first-order reaction given by Eq. 
1 where the logarithm of concentration at time t ,  denoted Ct, is 


linearly related to time by 


In Ct = In Co - k,t (Eq. 1) 


where r is the temperature at which storage took place and k ,  is the 
rate constant. 


The Arrhenius relationship: 


lnlk, = y + 8/r (Eq. 2) 


states that speed of reaction is dependent upon temperature; that is 
the logarithm of the reaction rate is a linear function of the recipro- 
cal of absolute temperature. It is this relationship which allows data 
taken at elevated temperatures to be used to predict the degradation 
rate at room temperature and hence estimate shelf life of the drug. 
The rate constants obtained at the elevated temperatures can be used 
to estimate the parameters in the Arrhenius equation, which in turn 
can be used to estimate reaction rate at room temperature (or any 
other desired temperature). 


The methods of estimation used in the previous procedure canvary 
from simple (and quick) eyeball techniques to  a thorough statistical 
analysis based on weighted least squares. The remaining discussion 
points out the advantages of the latter in comparison to less rigorous 
techniques. 


Simple Linear Regression-Assume a situation in which a variable 
Y is linearly dependent upon a second variable X .  Examples of such 
a situation include both Eqs. 1 and 2. A general expression for such a 
relationship is Y = a + PX. If Y could be measured without error 
for any value of X, a and P could be determined from two sample 
points and any further observations would fall on the determined 
line. 


In practice, experimental error enters due to measurement error, 
biological variation, etc. Hence, an observed Yi is related to its cor- 
responding Xi by Eq. 3, 


Y,  = a + px, + ci (Eq. 3) 


where a + PXi  is the underlying relationship and ei is the error term. 
This situation is illustrated in Fig. 1 in which the dotted line repre- 
sents the true but unknown relationship and the error is the vertical 
distance from the point to the dotted line. The statistician’s problem 
is to estimate 01 and 0. A number of methods are available such as: 
arbitrarily saying a = 47 and p = - 10, fitting the data by eye, and 
least-squares analysis. The first method is obviously of no value, the 
second might prove useful if rough guesses are desired; but if a 
thorough analysis including extrapolation, confidence statements, or 
tests of hypotheses is desired, a proper least-squares analysis must be 
performed to make better use of the data. 


The conditions of a simple least-squares analysis are as follows: 
assume a sequence of n observation pairs ( YI, XI), ( Yz, XZ), . . . 
(Y,, X,> represented by the points in Fig. 1. If Eq. 3 holds for all 
i = 1, . . . , n, and if further (a) the additive errors E are independent 
of one another; (b)  the distribution of the error term has mean zero; 
and (c)  the variance of each t i  is uZ,  a constant not depending upon i 
or Xi;  then the “best” estimates ( 5 )  for a and /3 are those which will 
minimize the right-hand side of Eq. 4. 


n n 


i =  1 i = l  
c €2 = c (Yi - a - pxiy (Eq. 4) 


In Fig. 1 the least-squares line is represented by the solid line and 
is the one which minimizes the sum of squared distances in the 
vertical direction from sample points to fitted line. 


Note again assumptions (a) that the error ci is additive, and (c) 
that the EOS have a common variance; that is, dispersion of error is 
not proportional to Xand hence to the expected value of Y. 


The results of a least-squares analysis are not restricted to a: and 8, 
the estimates of a and 8, respectively. Equation 5 gives the variance 
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Figure 1-Example of regression situation. Broken line represents 
true unknown relationship; solid line represents least-squares Jit to 
data. 


of the estimate of in which uZ is the variance of the EI.s. 
n n 


The smaller the variance of the estimate the greater is the confi- 
dence which can be placed in it being close to the true unknown 
parameter. 


One further estimate which can be obtained is given by Eq. 6. 


This is an estimate of u z ,  the variance of the error term. This estimate 
is just an average of the squared deviations of the sample points 
from the fitted line. 


Application of Weighted Least-Squares to Stability Swdies- 
Assume an experiment in which a drug has been stored at various 
temperatures. Assays are made throughout the period of the ex- 
periment to estimate concentration as a function of time. According 
to the Arrhenius relation a faster degradation is expected to 
occur at higher temperatures; hence, assays for the higher tem- 
perature data might be made more frequently but for a shorter 
period of time. 


A simple least-squares analysis is made by ctting Eq. 1 to the data 
collected at each temperature T to determine k,, the estimate of deg- 
radation rate for that temperature. The assumptions mentioned 
previously as required for a valid least-squares analysis will be suffi- 
ciently satisfied except for those nonzero-order reactions in which 
the range over which concentration varies is extremely large. 


Along with each estimate of a k ,  is an estimate of the experimental 
error variance u 2  as given by Eq. 6 and the coefficie_nt by which u2 
must be multiplied in order to obtain the variance of k,, the estimate 
of k,. This coefficient is given by 


n ,  
1/ c ( t i  - i)2 


i = l  


where ti represents the times at which the assays are made, nT repre- 


sents the number of assays made at temperature T, and t = x ( t i / n T ) .  


Figure 2 shows the least-square curves for data collected on chlor- 
amphenicol at temperatures 32,34,42,58, and 71 '. As each analysis 
yields an estimate of the same experimental error variance u2, these 
estimates can be combined to form one single estimate of error 
variance. This estimate will be used later in the analysis and will be 
referred to as the combined variance estimate denoted SC2. 


Figures 3 and 4 illustrate the reason for using weighted least 
squares for fitting the Arrhenius relationship. Figure 3 is a plot of 
the various k,  estimates against reciprocal absolute temperature 
using a linear scale on both axes. Each vertical line represents a 95 
confidence interval for the corresponding k,. The horizontal mark 
indicates the point estimate. The width of each confidence interval 
depends upon the coefficient given by Eq. 7, that is the times and 
number of observations taken at each temperature. 
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Figure 2-Last-squares degradation of chloramphenicol data. 


Figure 4 is a plot of the same estimates and same confidence 
intervals, but drawn on semilogarithm paper. Hence the scale on 
the vertical axis is log,, k,. Note that the length of the confidence 
intervals for the k ,  at lower temperatures have been lengthened 
relative to the higher temperatures. 


A simple least-squares fit, represented by the broken lines in Fig. 4, 
was applied to the model: 


(Eq. 8) Cr = e~ + 617 + t 


that is, In k ,  = y + L ~ / T  + 6 where k ,  is the estimate of k,  obtained in 
the previous analyses, and E is an additive error to In k ,  with com- 
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Figure SArrhenius  fit to degradation constatits with 71 O data in- 
cluded. Vertical lines represent 95 % confidence interuals. Solid line 
is the weighted least-squares line; broketi line is the unweighted least- 
squares line. 
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Figure 4-Arrhenius fi t  to degradation constants with 71 a data in- 
cluded. Vertical lines represent 95 % confidence intervals. Solid line 
is the weighted least-squares line; broken line is the unweighted 
least-squares line. 


mon variance for all 7. But the true error in i, is ad_ditive to k,, not 
In k,, because of the method of derivation of k,; further, the 
variances of the errors in the i, differ according to the coefficient 
given in Eq. 7. This is illustrated by the extreme difference in the 
lengths of the lines representing the confidence intervals in Fig. 4. 
The simple least-squares analysis assumes these lengths to be the 
same. The effect of the simple least-squares analysis is to force the 
Arrhenius equation through the low temperature data and essen- 
tially ignore the high temperature data. Hence, mutt more faith is 
placed in the point estimates of the low temperature k, than is war- 
ranted. Finally, the usual confidence statements on extrapolated 
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Figure 5-Arrhenius fit to degradation constants with 71 a data ex- 
cluded. Vertical lines represent 95 confidence intervals; solid line 
is the weightedleast-quares line. 


degradation rates (such as at room temperature) cannot validly be 
made. 


Appendix 2 outlines justification for applying the method of 
weighted least squares to the model: 


,$ 7 -  - eY + 617 + ET (Eq. 9) 
,. 


where E ,  is now an additive error to k, in the estimate k ,  and hcs 
variance uT2. The method of weighted least squares weights each Ink, 
in inverse proportion to the square of the width of its confidence 
interval. The weighted least squares fit is represented by the solid 
lines in Figs. 3 and 4. 


Statistical Test of Arrhenius Assumption-The benefits of the 
weighted least-squares analysis are many. First, the estimates of the 
parameters of the Arrhenius equation meet the statistician’s re- 
quirements as the “best” which can be obtained. Second, a con- 
fidence interval can easily be constructed around the rate constant 
for any desired temperature, such as room temperature. Finally, a 
second estimate of u2, the variance of t_he original experimental 
error, can be obtained from the fit of the k ,  to the Arrhenius equa- 
tion. This estimate of variance will be independent of the combined 
variance estimate SCz based on the original individual temperature 
analyses, and it will be referred to as the Arrhenius variance estimate 
and will he denoted Sa2. Its formula is included in Appendix 1. 


The advantage of the two estimates of error variance is as follows. 
Sa2 is dependent upon the validity of the Arrhenius assumption. If 
the Arrhenius relationship does not hold, SQ2 will tend to be large 
relative to the true experimental error variance, and therefore large 
relative to SCz which does not depend upon the Arrhenius assump- 
tion. By dividing the Arrhenius variance estimate SQz by the com- 
bined variance estimate SC2, one obtains an F statistic. By comparing 
the computed F with a tabled F, which can be found in any ele- 
mentary statistics book (6), the experimenter can determine the 
validity of the Arrhenius assumption. 


A significantly large F ratio would indicate the Arrhenius relation- 
ship does not hold. If the Arrhenius assumption is shown to be sig- 
nificantly invalid (that is the dispersion around the Arrhenius line is 
greaterthancould beattrihuted to chancevariation in the kr), then the 
least-squares line is not valid and should not be used for predictive 
purposes. Further, no method of fitting a straight line would be valid 
for predictive purposes. 


On the other hand, if the Arrhenius fit does not yield a significant 
F value, the high as well as low temperature rate constantsAfit the 
Arrhenius line within the measurement error involved in the k,, and 
hence all rate constants should be weighted according to their error 
variances. 


Example-The above analysis was performed on a chloramphen- 
icol solution. The results of the analysis are given in Table I. The 
initial analysis was performed at five temperatures: 32, 34,42, 58, 
and 71 ’. Both the weighted and unweighted least-squares analyses 
were performed in order to  make a comparison between the two 
methods. The two Arrhenius curves are presented in Figs. 3 and 4. 
Note that the estimate of degradation from the unweighted method 
for 23 would have been 2.91 X 10-4 and the analysis terminated at 
this point. This compares with an estimate of 8.01 X computed 
by the weighted method on the same data. 


At this point in the weighted analysis the F test was applied. The 
computed value was 36.95 with 3 degrees of freedom in the 
numerator and 167 in the denominator. This value is extremely sig- 
nificant (F = 5.70 is significant for (Y = 0.001), indicating the Ar- 
rhenius assumption invalid. Upon investigation a precipitate was 
found to have formed in the 71 O data soon after termination of col- 
lectingdata at that temperature. Hence, these data were excluded from 
the analysis and another weighted least-squares analysis was per- 
formed. The Fratio testing the fit of the four remaining temperatures 
to theArrhenius relationship yieldedavalueF = O.lllOwith2 degrees 
of freedom for the numerator and 136 for the denominator. Such a 
small value indicates an extremely good fit to the Arrhenius relation- 
ship. The weighted least-squares line is plotted in Fig. 5. No analysis 
was performed by the unweighted method omitting the 71 ’ tempera- 
ture to emphasize the fact that the unweighted method would not 
have led to  the detection of lack of fit t o  the Arrhenius relationship. 


Of 
primary concern is how well this estimate, based on accelerated data 
collected over an 89-day period, compares with the value observed 
on production batches. The actual values observed on two separate 


The new estimate of degradation rate at 23’ was 2.12 X 
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Table I-Results of Analysis on Chloramph enicol Study 


Tempera- 
ture, 


“C 


32 


34 


42 


58 


71 


23 


Reciprocal d o m p u t e d  from Raw Data- 
Absolute n K: zk 


Temperature a 95 Confidence Limits 


3.28 x 10-3 -0.313 7.03 x 10-4 
f i:32 x 10-4 
* 1.94 x 10-4 


3.26 x 10-3 -0.227 9.72 x 10-4 
3.18 x 10-3 -0.232 2.36 x 10-3 + 4.80 x 10-4 
3.02 x 10-3 -0.215 1.55 X 10’2 


2.91 x 10-3 -0.234 2.61 X 
* 1.49 x 10-3 
+ 1.67 x 10-3 


3 . 3 8  x 1 0 - 3  


Kr Predicted from Arrhenius Fit 
Unweighted Weighted Weighted 


with 71 O Data with 71’ Data without 71 O Data 


1.72 x 1 0 - 3  7.02 x 10-4 7.96 x 10-4 
9.87 x 10-4 2.03 x 1 0 - 3  9.07 x 10-4 
2.28 x 10-3 3.82 x 10-3 2.45 x 10-3 


1.24 X 1.54 X low2 1.07 X 


3.39 x 10-2 2.98 x 6.12 x 
2.91 X 8.01 x 10-4 2.12 x 10-4 


production batches, with more than 2 years of data on each, are 2.07 
X and 2.10 x 


APPENDIX 1 


Suppose Yi = + X& + . . . + Xi,,,& + ei for i = 1,2, . . . 
n. Define Y to be the n X 1 matrix [ Yi], X the n X m matrix [Xij], /3 
the m X 1 matrix [/3J, and e then X 1 matrix [ei]. Then then observa- 
tions satisfy Y = X@ + e. Further, suppose the covariance matrix 
for E is u2Vfor a known n X n matrix V and unknown scalar u2. 
That is the expectation of [ee’]  = a2V where e’ is the transpose of e. 


The estimate of f l  is 


j == (x ’v - lx ) - tx ’v - l  y 0% 10) 
The estimate of ua is 


S2 = (Y’V-1Y - Y’V-1 X;)/(n - m) (Eq. 11) 
n 


The covariance matrix for the B vector is 


(X‘  V-Ix)-‘ u2 (Eq. 12) 


which can be estimated by replacing u2 by S2. To estimate a value on 
the true line Yo = XOI 81 + Xo2p2 + . . . + X o m p m  = X O ~ ,  use the 
estimate: 


Po = xo j (Eq. 13) 


UY02 = Xo(X’V-~x) -~X, ’u~  (Eq. 14) 


The variance of the estimate Xo$ is 


which can be estimated by replacing u2 by S2. A (1 - a) 100% 
confidence interval on YO can be constructed as 


X O ~ ^  f Lrn( 1-“/2)[Xo( X’ V- l x ) - l X ~ ’ S z ] l / ~  (Eq. 15) 
where f ~ - m ( l - ~ ~ ~ )  is the point on Student’s t distribution with n - m 
degrees of freedom which is exceeded with probability 42. 


To apply the weighted analysis to the degradation problem, first 
perform an individual analysis on the data at each temperature 7 


setting V = I, then X n identity matrix. The matrix Xis n X 2 with 
each element of the first column one (1) and the second column the 
respective times i i  at which assays were made. Y is the vector of the 
appropriate function of concentration (for a first-order reaction, Y is 
the vettor of the logarithms of concen!ration). The second element 
of the p vector in Eq. 10 is the estimate k, of the rate constant. 


Cajl ur the second row, second column element of (X’V-lX)-l ,  vr 
= (kr)2/uT and ST2 the computed value for Eq. 11 at temperature 
7 based on n = n, and m = 2. 


The combined variance estimate for the weighted least-squares 
analysis is 


S ~ Z  = C (n, - 2)~,2/ C (nr - 2) (Eq. 16) 
all r all r 


The method of fitting the Arrhenius relationship t,“ the it., is as fol- 
lows. Set the Y vector to be the logarithms of the kr’s. The Xmatrix 


has each element of the first column one (1) and the second column 
the reciprocal absolute temperatures, i.e., 1 / ~ .  The matrix V, 
which is n X n where n is now the number of temperatures at which 
data were collected, has the corresponding u, on the main diagonal 
and zeros everywhere else. 


The Arrhenius variance estimate S,2 is computed at this point by 
Eq. 11 where n is the number of temperatures and m = 2. The F 
statistic is 


F = Sa2/ScZ (Eq. 17) 


having n - 2 degrees of freedom in the numerator and Z (n, - 2) 
degrees of freedom in the denominator. Reject the applicability of 
the Arrhenius relationship for large F. 


Estimates of logarithm of rate constant at absolute temperature 
TO can be made from the results of the Arrhenius fit by setting XO = 
(1/r0) in Eq. 13. A confidence interval for logarithm rate constant at 
TO can be established by Eq. 15. Once these have been done the 
estimate of time for a given drug to  degrade from an initial concen- 
tration Co to a minimal concentration C,,, can be estimated and a 
confidence interval for length of time for such a degradation can be 
constructed. 


all T 


APPENDIX 2 


Consider a set of n observations (y l ,  xl), ( y ~ ,  x2), . . . , (YR,  X R )  where 
xi and yi are related by 


y< = ea+m + Ei (Eq. 18) 


Denote by Fi the true value of y associated with xi; that is Fi = 
Pi-p2i. Then pi = yd - ei .  Expanding lny, = ln(yi - ei) in a 
Taylors series about y i  gives 


1 
Yi 


In j+ = a + /3xi = In y i  - ei + remainder (Eq. 19) 


wheretheremainder isa termof order [ e i / y i ] a .  Provided e i / j i  is much 
less than 1, the remainder can be ignored. This gives 


(Eq. 20) 


where the new error term, call it e,*, is now e i / j ~ i .  It follows im- 
mediately that the mean of ti* is zero and the variance of ei* is 
uti*/Fi2. Approximating pi by yi gives the weighting used in the 
Arrhenius analysis described in Appendix 1. 


In yi s (Y + Bxi + e&i 
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Whole Body Measurements of ‘”‘I-Tetracycline 
as an Index of Skeletal Growth 


R. G .  WOLFANGEL*, S. M. SHAW, and J. E. CHRISTIAN 


Abstract 0 A derivative of tetracycline was tagged with 1311 and 
administered to rats. Whole body retention of the tetracycline was 
determined by sequential measurements of whole body radio- 
activity. Statistically significant differences of whole body burdens 
were found for two age groups of rats (100 g. versus 200 g.); the 
younger animals retaining a greater portion of the administered 
tetracycline. Subsequent distribution analysis indicated that whole 
body radioactivity measurements did not precisely assess skeletal 
burdens of 13Wabeled tetracycline because variable amounts of 
tetracycline persisted in soft tissue for prolonged intervals after 
injection, but did provide estimates of skeletal burdens which could 
be used to recognize differences in skeletal growth rate between 
groups of young and mature rats. The whole body counting tech- 
nique may be applicable for the study of metabolic skeletal dis- 
orders. 


Keyphrases 0 1311-Tetracycline-skeletal growth index, whole body 
measurements 0 Growth, skeletal-index, radioiodinated tetra- 
cycline 0 Paper chromatography-analysis, identity c] UV spectro- 
photometry-analysis, identity Scintillation counting, whole 
bod y-analysis 


Since the initial observations of tetracycline-induced 
fluorescence of bones by Rall et al., investigators have 
been examining tetracycline fixation in mineralized 
tissue (1). The following has been reported concerning 
the deposition of tetracycline in bones and teeth; deposi- 
tion occurs after introduction by any route, but is 
greatest following parenteral administration (2) ; tetra- 
cyclines are actively deposited at all sites of newly min- 
eralizing bone and are relatively permanently fixed in 
the bone until resorption occurs (3, 4). The quantity of 
tetracycline deposited in bone is proportional to animal 
age and the dose administered (5, 6) ,  and the presence 
of tetracycline in bone or teeth can be readily detected 
by the appearance of a bright yellow fluorescence under 
UV irradiation (7,8). 


Tetracycline bone labeling, followed by microscopic 
measurements of the width, area, or volume of yellow 
fluorescent zones found in bone sections, is used as an 
index of skeletal metabolic activity (9-11) such as ap- 
positional growth rate, radial rate of osteon closure, 
and osteon maturation rate. Direct determinations of 


the total quantity of tetracycline bound to the skeleton 
might aIso provide an index of skeletal metabolic ac- 
tivity ; if so, the necessity of skeletal biopsy, sectioning, 
and tedious fluorescence microscopy currently employed 
for tetracycline skeletal observations would be allevi- 
ated. Thus, 1311-labeled tetracycline was prepared and 
used to conduct animal studies. Whole body measure- 
ments of tetracycline retention, following administra- 
tion of labeled tetracycline, were investigated for possi- 
ble value to assess skeletal metabolic activity in young 
growing rats as compared to older mature rats. The 
accuracy of whole body counting for the determination 
of the total quantity of tetracycline bound to the 
skeleton was established by the direct measurement of 
labeled tetracycline bound to the entire skeleton of the 
two age groups of rats, as well as the residual amount of 
tetracycline remaining in the soft tissue of the animals. 


METHODS 


Synthesis and Purity-Hlavka et u/. (12) reported the prepara- 
tion of 7-iodo-6-demethyl-6-deoxytetracycline (766 tet) by dissolving 
6-demethyl-6-deoxytetracycline (66 tet) and N-iodosuccinimide 
(NIS) in concentrated sulfuric acid at 0”. By substitution of 1 ° * 1  


for stable iodine, 7-radioiodo-6-demethyl-6-deoxytetracycline (* 766 
tet) was prepared in this laboratory according to Hlavka’s direc- 
tions. The 1311-label was introduced by the preparation of N-131iodo- 
succinimide (N*IS) by modification of the method of Benson et a/.  
(13). Aqueous solutions of NalalI1 (25-75 mc.) were transferred 
to a test tube containing 2 ml. of carbon tetrachloride, and 1 ml. of 
NaI carrier ( 5  mg./ml.) was added. The test tube was fitted with a 
rubber stopper through which a dropping pipet, filled with concen- 
trated nitric acid, had been inserted. Nitric acid was then added to 
the water-carbon tetrachloride mixture. The closed tube was left 
for 18-24 hr., during which time free iodine was formed and dis- 
solved in the organic liquid. The aqueous overlayer was removed 
with a micropipet allowing the 131T2 in the carbon tetrachloride to 
remain in the test tube. Stable elemental iodine (1 g.) was placed in 
an amber 5-dr. vial, the cap lined with Teflon, and 5 ml. of sodium- 
dried, distilled dioxane added. The solution of carbon tetrachloride, 
containing 13%, was transferred to the vial. The test tube was 
rinsed with 1 ml. additional carbon tetrachloride, and the 1 ml. 


1 Purchased from Nuclear Science and Engineering Corp., Pitts- 
burgh, Pa. 
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Physiological Studies on Ergot: Influence of 
5-Methyltryptophan on Alkaloid Biosynthesis and 
the Incorporation of Tryptophan Analogs into Protein 


J. E. ROBBERS and H. G .  FLOSS* 


Abstract 0 Timecourse studies were performed which compared 
the influence of 5-methyltryptophan to tryptophan on alkaloid 
formation in ergot strain SD-58. Evidence was obtained that con- 
firms the role of tryptophan as an inducer of alkaloid synthesis. 
Additional studies were conducted to determine the incorpora- 
tion into protein of the tryptophan analogs: 5-methyltryptophan, 
7-methyltryptophan, and 1-N-methyltryptophan, when they are 
supplied exogenously to the fungus. Incorporation was observed ; 
however, it was insignificant when compared to the amount of tryp- 
tophan incorporated. 


Keyphrases 0 Ergot alkaloid production-shake cultures 
Tryptophan, 5-methyltryptophan effect, alkaloid production- 
comparison 0 Protein incorporation-tryptophan and analogs 


The important role of tryptophan in ergot alkaloid 
biosynthesis has been clearly established. Floss and 
Mothes (1) have obtained data which suggest that 
tryptophan is also involved in an induction phenomenon 
besides serving as a precursor in the formation of the 
ergoline ring system. These workers found that trypto- 
phan stimulates alkaloid formation when added a t  
the beginning of the culture period but not when 
added after alkaloid production had started, that a 
variety of tryptophan analogs stimulate alkaloid pro- 
duction even though they are not incorporated into the 
alkaloids, and that mycelia grown in the presence of 
tryptophan or its analogs retain the ability to produce 
more alkaloid than the controls even after replacement 
into fresh culture medium. 


One of the disadvantages of this earlier work was that 
the percentage increase in alkaloid production due to 
tryptophan analogs was small because these experi- 
ments were carried out with cultures that produced large 
amounts of alkaloids. By using a fully synthetic culture 
medium, it was thought that the effect of tryptophan 
and its analogs could be demonstrated more dramat- 
ically. Eliminating yeast extract from the medium re- 
duces the growth of the organism to about one-fourth 
that of the complete medium; however, the amount of 
alkaloid produced per gram of mycelium is unchanged. 


The purposes of this investigation were to study the 
induction phenomenon in a more precise manner over 
the time period in which alkaloid production is initiated 
in the fungus and to compare the effect of 5-methyl- 
tryptophan with that of tryptophan. 


In the series of experiments previously mentioned, 
Floss and Mothes (1) also found uptake into the mycelia 
of radioactivity from the methyltryptophan analogs. 
However, the metabolic fate of the analogs was not 
determined except for nonincorporation into alkaloids. 
Recent studies by Lark (2) have shown that Escherichiu 
coli can incorporate 5-methyltryptophan into protein. 
Consequently, the present authors have attempted to de- 
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Figure 1-Time-course study comparing the influence of tryptophan 
and 5-methyltryptophan on alkaloid production in Claviceps strain 
SD-58. Key: *, control; A, tryptophan; and m, 5-me~hy~tryptophan. 


DAYS 


termine if methyl analogs of tryptophan are incorporated 
into protein by the ergot fungus. 


EXPERIMENTAL 


Induction of Alkaloid Production-Clauiceps strain SD-58 
was grown for 5 days in shake culture in a medium containing the 
following ingredients: 50 g. mannitol, 50 g. sucrose, 5.4 g. succinic 
acid, 3.0g. Difco yeast extract, 0.1 g. KH2P04, 0.3 g. MgSOa.7Ht0, 
0.0044 g. ZnS04.7Hz0, and boiled tap water, 1 1. The mycelia from 
one culture were placed into 0.01 M phosphate buffer and resus- 
pended. Using aliquots of this suspension as inoculum, three groups 
of flasks containing the inoculum medium without yeast extract 
were prepared. One group of cultures also contained 4 X M 
DL-tryptophan and a second group contained 4 X M DL- 
5-methyltryptophan. A flask from each of the three groups was 
harvested every day starting at the 2nd day of growth. Quantita- 
tion of the alkaloids in the culture filtrate was effected by extracting 
the alkaline culture filtrate with CHC& and redissolving the dried 
CHCL extract in 2 z  succinic acid solution. This procedure pre- 
vented tryptophan and 5-methyltryptophan from interfering in the 
quantitation. A colorimetric determination was performed using 
van Urk's reagent (3,4). 


Analog Incorporation into Protein-Ergot strain SD-58 was 
grown in shake culture in the mannitol-sucrose-succinic acid-yeast 
extract medium previously described. Tritiated tryptophan, 5- 
methyltryptophan, 7-methyltryptophan, and 1-N-methyltryptophan 
were added, one to a culture, at the start of the growth period. The 
tritiated compounds were from the same source as in a previous 
study (1). On the 3rd and 6th days of growth the mycelia were 
removed by filtration and dried. The protein was extracted from the 
mycelia using trichloroacetic acid precipitation methods (5 )  and 
quantitated with the biuret reaction. A second purification was 
effected by redissolving the protein in 1 N NaOH and repeating the 
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Table I-Incorporation of 3H-Labeled Tryptophan and Methyltryptophans into Elymoclavine and Protein 


5-Methyl- 7-Methyl- 1 -&Methyl- 
Tryptophan tryptophan tryptophan tryptophan 


Specific activity of added compound 7 .O mc./mmole 1 .27 mc./mmole 0.39 mc./mmole 1.1 mc./mmole 
Total activity fed 2.8 pc. 1.91 pc. 1.93 pc. 1.82 gc. 
Absolute incorporation into alkaloids 35.3 % 0.9% 0.2% 1 . 8 %  
Absolute incorporation into protein, 


Absolute incorporation into protein, 
3rd day 39.6% 0.3% 


6th day 5 .0% 0 . 8 %  


precipitation and quantitation methods. Using a measured amount 
of the repurified protein, which was dissolved in a 1 N NaOH 
solution, the incorporation of radioactivity into the protein was 
determined. 


Approximately 50 mg. of protein powder obtained from each 
culture was hydrolyzed for 24 hr. at 125” with a saturated solution 
of barium hydroxide in an evacuated sealed glass tube. The barium 
was removed from the hydrolysate through the addition of 2 N 
sulfuric acid to pH 6 and subsequent centrifugation to remove the 
barium sulfate. 


To investigate the presence of tritiated tryptophan and tryptophan 
analogs in the protein hydrolysates, ascending paper chromatog- 
raphy in n-butanol-acetic acid-water (4 : 1 : 1) was employed. 
By cutting the chromatogram into 1-cm. horizontal strips starting 
at the point of origin, placing these strips in toluene scintillation 
counting solution, and counting the radioactivity, the zones of 
activity on the chromatograms were determined, and the R,  values 
were compared with reference compounds. 


Elymoclavine was isolated from 6-day-old culture filtrates by 
partitioning and recrystallizing from methanol to a constant specific 
radioactivity. 


RESULTS AND DISCUSSION 


The time-course study showing that tryptophan and 5-methyl- 
tryptophan stimulate alkaloid production early in the growth phase 
of the fungus (Fig. 1) confirms and extends earlier observations 
(I) .  Under the modified conditions, the effect of 5-methyltryptophan 
can be seen more clearly than in the earlier experiments. At Day 11, 
tryptophan induces a 495 % increase and 5-methyltryptophan a 
341 increase in alkaloid production over the control culture, 
whereas the previous work ( I )  shows only a 61 increase in alka- 
loids for each compound after 22 days. The time-course experiment 
was repeated four times and the results were found to be reproduci- 
ble. Figure 1 represents the results from a single experiment. 
Stimulation of alkaloid production in Cluviceps has also been 
reported by Baxter and Zahid (6). These data give supportive evi- 
dence to the postulation (1) that tryptophan is an inducer of alkaloid 
biosynthesis. 


An explanation of this phenomenon becomes more difficult when 
one considers the work recently reported by Lingens et a/ .  (7, 8) on 
the regulation of aromatic amino acid biosynthesis in Clauiceps. 
Using alkaloid-producing mycelia of a strain of Claviceps paspali, 
they found (7) that L-tryptophan inhibited one of the isoenzymes of 
3-deoxy-~-arabinoheptulosonic acid-7-phosphate (DAHP) syn- 
thetase, reversed the inhibition of chorismate mutase by phenyl- 
alanine and tyrosine, and also activated this enzyme; but unlike the 
situation in other microorganisms, it did not inhibit anthranilate 
synthetase. 5-Methyltryptophan elicited the same effect as trypto- 
phan on DAHP synthetase and apparently (8) also on chorismate 
mutase. In similar studies with Clnviceps strain SD-58, however, it 
was found that anthranilate synthetase was inhibited by tryptophan 
(8). A weak point of the latter result is that it was not known 
whether the mycelium produced alkaloids under the culture condi- 
tions used. 


The results clearly show that in strain SD-58 the addition of 
5-methyltryptophan leads to increased alkaloid production. On the 
other hand, the incorporation study shows that 5-methyltryptophan 
cannot replace tryptophan as alkaloid precursor (Table I). Likewise, 
the organism can grow in the presence of 5-methyltryptophan 


without added tryptophan, yet 5-methyltryptophan is not incor- 
porated into protein to any significant extent (Table I). This leaves 
unexplained the source of the endogenous tryptophan. One simple 
explanation would be that in ergot strain SD-58,5-methyltryptophan 
cannot replace tryptophan as feedback regulator of aromatic amino 
acid biosynthesis. As another possibility, an anthranilate synthetase 
isoenzyme could exist in the fungus which is not inhibited by 
tryptophan or 5-methyltryptophan. 


There is a low level of incorporation of radioactivity into protein 
when tritiated methyl analogs of tryptophan are fed to ergot 
strain SD-58 (Table I). However, their absolute incorporation 
appears insignificant when compared to the incorporation of trypto- 
phan (approximately 80 times greater in the 3-day-old cultures). 
The decreased incorporation into protein of labeled tryptophan 
between Day 3 and Day 6 can be attributed to a dilution effect 
caused by the synthesis of nonlabeled endogenous tryptophan and 
has been observed before (5). Because of this low level of incorpora- 
tion, it was not possible to determine conclusively if the activity 
was due to the direct incorporation of the analogs or if the 
analogs were metabolized to intermediates that could be utilized 
in amino acid biosynthesis and thus be incorporated into protein in 
this manner. However, the results from the chromatographic 
investigation of the protein hydrolysate tend to support the former 
viewpoint. 
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A Column Chromatographic Method for the Determination of 
Sulfanilamide in Pharmaceutical Preparations Containing 
Sulfacetamide or Its Sodium Salt 


EDWARD J. WOJTOWICZ 


Abstract 0 A simple and rapid method, using column-adsorption 
chromatography on alumina and UV spectrophotometry, has been 
developed for the separation and determination of sulfanilamide in 
ophthalmic solutions and tablets containing sulfacetamide or its 
sodium salt. 


Keyphrases 0 Sulfacetamide formulation-sulfanilamide determi- 
nation 0 Sulfanilamide-sulfacetamide degradation product 0 
Column chromatography-separation 0 UV spectrophotometry- 
identity 


The presence of undeclared sulfanilamide in prepara- 
tions containing sulfacetamide has been reported (1-4). 
Hayden (1) found 17z sulfanilamide in a commercial 
sample of sulfacetamide powder, using paper chroma- 
tography and IR spectroscopy. Klein and Kho (2) re- 
ported undeclared sulfanilamide in suspensions of mixed 
sulfas containing sulfacetamide, using TLC. Previous 
work has shown that sulfacetarnide preparations form 
sulfanilamide as a degradation product when exposed to 
light, extremes of temperature, or prolonged storage 
(3, 4). Gruber and Klein (4) used TLC on silica gel to  
separate the degradation product from the parent com- 
pound; the amount of sulfanilamide present was deter- 
mined colorimetrically with the Bratton-Marshall re- 
agent. Ophthalmic solutions contained contamination of 
13 sulfanilamide, but tablets showed no detectable 
degradation over a period of 4 months. 


Alexander and Stanley ( 5 )  used alumina for qualita- 
tive thin-layer chromatographic determination of sulfa 
drugs in feeds. The separation of sulfanilamide from 
sulfacetamide or its sodium salt was much greater in 
this system using alumina than in the silica gel system 
used by Gruber and Klein (4). (In both systems sulfanil- 
amide has the greater R,.) This large separation was the 
basis for adapting the qualitative thin-layer chromato- 
graphic procedure to a quantitative column chromato- 
graphic determination for sulfanilamide. 


Sulfanilamide was easily separated and collected from 
a neutral alumina column, using the thin-layer develop- 
ing solvent system of Alexander and Stanley (5 ) .  The 
sulfanilamide in the column eluate was quantified by 
UV absorption. The residue from the column eluate was 
also identified qualitatively as sulfanilamide by IR 
spectroscopy. 


EXPERIMENTAL 


Apparatus and Reagents-The following apparatus and reagents 
were used: 1-cm. (id.) glass columns fitted with Teflon stopcocks 
and sintered-glass frits (Kontes); aluminum oxide, neutral, suitable 
for chromatographic adsorption (Merck)'; spectrophotometric 
grade methanol and chloroform (Burdick and Jackson); USP 


sulfanilamide reference standard solution, 5 mcg./ml. in chloro- 
form-methanol (70 : 30) ; a suitable recording UV spectrophotom- 
eter. 


Preparation of Chromatographic Column-Heat the aluminum 
oxide for 30 min. at 100" before use. With the stopcock open, 
transfer 5.0 g. of aluminum oxide to the column in a slurry with 
chloroform-methanol (70 : 30). The solvent should drain quickly 
as the adsorbent settles. Wash the column with 20-25 ml. of the 
solvent mixture, and cover the top of the column with a pledget of 
glass wool. Drain the solvent to a level of 1 cm. above the glass 
wool. 


If a flow rate of 1-2 drops per 10 sec. is encountered due to an 
excess of fine particles in the alumina, the column can be packed 
by the following procedure: place 1G15 g. of the alumina into a 
250-ml. separator. Add 50 ml. of the solvent mixture and shake. The 
fine particles will stay suspended in the solvent. Open the stopcock of 
the column and add the alumina slurry from the separator to the 
predetermined height for 5 g. (about 7 cm.). Maintain a level of sol- 
vent above the alumina and wash with 2&25 ml. of the solvent 
mixture as in the previous column-packing procedure. 


Sample Preparation-Transfer an accurately measured volume of 
ophthalmic solution or an accurately weighed portion of ground 
solid sample equivalent to about 200 mg. of sulfacetamide to a 
100-ml. volumetric flask. Add 30 ml. of methanol and mix 
thoroughly. Dilute to volume with chloroform and mix again. 


Procedure and Analysis-Pipet a 5-ml. aliquot of the sample 
solution onto the column; collect the eluate in a 50-ml. volumetric 
flask. After all the sample aliquot has entered the column, elute to 
volume with chloroform-methanol (70 : 30). Maintain a liquid level 
about 5 cm. above the alumina so that the time for collecting the 
50 ml. is about 30 min. Obtain the absorbance of the sample at 


Table I-Results of Determinations of Recoveries of Sulfanilamide 


Sample 


Sulfa- --Sulfanilamide, mcg.----. 
nila- Added 
mide per 


Found, Column Recov- Recovery, 
% Aliquot ered % 


Standard 10 (sulfacetamide) 


Standard 2~ (sodium 
sulfacetamide) 


Standard 3 (recrystallized 
form of standard 2) 


10 % Ophthalmic solution 
of sodium sulfacetamide 


30 % Ophthalmic solution 
of sodium sulfacetamide 


500-mg. Sulfacetamide 
tablets 


0.04 211 209 
0.02 210 
0.03 210 
0.05 212 
0.05 212 
0.54 
0.52 
0.52 
0.52 
0.53 
0.30 422 42 1 
0.28 420 
0.21 420 
n 29 418 - .  _ _  . - -  
0.28 422 
2.31 211 208 
2.33 209 
2.32 210 
2.29 215 
2.29 213 
2.35 169 168 
2.36 168 
2.33 1 69 
2.33 168 
2.34 167 
0.08 252 253 
0.04 256 
0.05 252 
0.05 254 
0.05 253 


99.0 
99.5 
99.5 


100.4 
100.4 


99.8 
99.6 
99 .6  
99.1 


100.0 
98.6 
99.1 
99.5 


101.8 
100.9 
99.4 
99.4 


100.0 
99.4 
98.8 


100.4 
101.6 
100.0 
100.8 
100.4 


1 Merck Reagent 71707 and Fisher Cat. No. A-950 were both found 
suitable. 


240 0 Journal of Pharmaceutical Sciences 


= K & K Laboratories, Plainview, N. Y .  







262 m.u against the elution solvent blank. Compare the absorbance 
of the sample to that of the sulfanilamide reference standard 
solution. 


RESULTS AND DISCUSSION 


Proprietary standards of sulfacetamide and sodium sulfacetamide 
were analyzed by the column chromatographic procedure. A por- 
tion of the sodium sulfacetamide was recrystallized and also 
analyzed. All three standards were eluted with an additional 30 ml. 
of elution solvent after the first 50 ml. was collected. The 50-ml. 
fraction exhibited absorbance maxima at 262 mw; the subsequent 
eluates did not show UV absorbance. Therefore, the sulfanilamide 
was completely eluted and no additional sulfanilamide or any sul- 
facetamide was present in subsequent 30-ml. eluates. However, each 
batch of alumina should be tested to ensure that the desired sepa- 
ration occurs in the first 50 ml. of eluting solvent. 


Sulfanilamide was added to the free sulfacetamide and to the 
recrystallized sodium salt, and recoveries were obtained. Data from 
analyses using these standards are reported in Table I. 


Two buffered ophthalmic solutions of 10 and 30% sodium sul- 
facetamide and a tablet form of sulfacetamide, 500-mg. label declara- 
tion, were assayed for their sulfanilamide content. Known amounts 
of sulfanilamide were added and percent recoveries were determined. 
Data from these analyses showed that the ophthalmic solutions 
contained a larger percentage of sulfanilamide than the tablets. 
This agrees with the quantitative findings of Gruber and Klein (4). 


The USP XVII (6) or NF XI1 (7) procedure failed to detect any 
degradation of sulfacetamide preparations since it is a general 
titrimetric procedure for sulfonamides. 


The residue left after evaporation of the column eluate was 
confirmed as sulfanilamide by IR spectroscopy, employing micro- 
KBr disk techniques. 


All standards and samples used in this study were analyzed by the 
screening procedure of Gruber and Klein (4) on silica gel. Amounts 
were spotted to yield about 0.1 mcg. of sulfanilamide as determined 
by the column chromatographic procedure. Sulfanilamide was de- 
tected in all cases except in the sulfacetamide standard and the 
tablet form of sulfacetamide. These also gave the lowest results by 
the column chromatographic procedure. 


The method described in this paper can also be used to determine 
purity of reference standards of the free sulfa or its sodium salt to 
meet compendia1 requirements. Levels of sulfanilamide below 1 % 
can be quantitated. 
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Selective Determination of Isoproterenol and 
Isoproterenol Sulfonic Acid in 
Pharmaceutical Dosage Forms 


K. K. KAISTHA 


Abstract Two simple, precise, and specific methods for the 
determination of isoproterenol in decomposed formulations are 
described. DEHP shakeout procedure, which depends upon ion- 
pair formation with the unchanged drug at a suitable pH, enables 
the quantitative determination of isoproterenol from the DEHP- 
ether phase and of its sulfonic acid from the aqueous buffer phase. 
Isoproterenol sulfonic acid can then be determined selectively by 
treating the aqueous buffer phase with Doty’s reagents. The sodium 
metaperiodate method has been developed as an alternate check- 
ing procedure to validate the results obtained by the DEHP method 
and involves the quantitative formation of an aryl aldehyde of the 
unchanged drug. The merits of both the procedures over the con- 
ventional UV and visible spectrophotometric procedures are shown 


by their application to the analysis of simulated decomposed for- 
mulation, aged simulated inhalations and injections, and commercial 
formulations. A thin-layer chromatographic procedure for the 
separation and detection of isoproterenol and its sulfonic acid and 
other artifacts is described. 


Keyphrases Isoproterenol dosage forms-analysis Isopro- 
terenol sulfonic acid formed in products-analysis 0 Degradation 
products presence-isoproterenol determination 0 Di-(2-ethyl- 
hexy1)phosphoric acid extraction method-isoproterenol deter- 
mination 0 Metaperiodate sodium method-isoproterenol de- 
termination 0 UV spectrophotometry-analysis [7 TLC- 
analysis 


The selective determination of isoproterenol (3,4- pharmaceutical dosage forms, especially inhalations 
dihydroxy-a-[(isopropylamino)methyl]-benzyl alcohol and injections containing isoproterenol hydrochloride, 
hydrochloride), in the presence of isoproterenol sulfonic can change with aging. The change is attributed to the 
acid and other decomposition products or vice versa, interaction of isoproterenol with the bisulfite antioxi- 
presents an unusually difficult analytical problem. dant, by which the alcoholic hydroxyl group of the drug 
Recently it became evident that the composition of is replaced by a sulfonic acid group (1) as shown in 
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Whole Body Measurements of ‘”‘I-Tetracycline 
as an Index of Skeletal Growth 


R. G .  WOLFANGEL*, S. M. SHAW, and J. E. CHRISTIAN 


Abstract 0 A derivative of tetracycline was tagged with 1311 and 
administered to rats. Whole body retention of the tetracycline was 
determined by sequential measurements of whole body radio- 
activity. Statistically significant differences of whole body burdens 
were found for two age groups of rats (100 g. versus 200 g.); the 
younger animals retaining a greater portion of the administered 
tetracycline. Subsequent distribution analysis indicated that whole 
body radioactivity measurements did not precisely assess skeletal 
burdens of 13Wabeled tetracycline because variable amounts of 
tetracycline persisted in soft tissue for prolonged intervals after 
injection, but did provide estimates of skeletal burdens which could 
be used to recognize differences in skeletal growth rate between 
groups of young and mature rats. The whole body counting tech- 
nique may be applicable for the study of metabolic skeletal dis- 
orders. 


Keyphrases 0 1311-Tetracycline-skeletal growth index, whole body 
measurements 0 Growth, skeletal-index, radioiodinated tetra- 
cycline 0 Paper chromatography-analysis, identity c] UV spectro- 
photometry-analysis, identity Scintillation counting, whole 
bod y-analysis 


Since the initial observations of tetracycline-induced 
fluorescence of bones by Rall et al., investigators have 
been examining tetracycline fixation in mineralized 
tissue (1). The following has been reported concerning 
the deposition of tetracycline in bones and teeth; deposi- 
tion occurs after introduction by any route, but is 
greatest following parenteral administration (2) ; tetra- 
cyclines are actively deposited at all sites of newly min- 
eralizing bone and are relatively permanently fixed in 
the bone until resorption occurs (3, 4). The quantity of 
tetracycline deposited in bone is proportional to animal 
age and the dose administered (5, 6) ,  and the presence 
of tetracycline in bone or teeth can be readily detected 
by the appearance of a bright yellow fluorescence under 
UV irradiation (7,8). 


Tetracycline bone labeling, followed by microscopic 
measurements of the width, area, or volume of yellow 
fluorescent zones found in bone sections, is used as an 
index of skeletal metabolic activity (9-11) such as ap- 
positional growth rate, radial rate of osteon closure, 
and osteon maturation rate. Direct determinations of 


the total quantity of tetracycline bound to the skeleton 
might aIso provide an index of skeletal metabolic ac- 
tivity ; if so, the necessity of skeletal biopsy, sectioning, 
and tedious fluorescence microscopy currently employed 
for tetracycline skeletal observations would be allevi- 
ated. Thus, 1311-labeled tetracycline was prepared and 
used to conduct animal studies. Whole body measure- 
ments of tetracycline retention, following administra- 
tion of labeled tetracycline, were investigated for possi- 
ble value to assess skeletal metabolic activity in young 
growing rats as compared to older mature rats. The 
accuracy of whole body counting for the determination 
of the total quantity of tetracycline bound to the 
skeleton was established by the direct measurement of 
labeled tetracycline bound to the entire skeleton of the 
two age groups of rats, as well as the residual amount of 
tetracycline remaining in the soft tissue of the animals. 


METHODS 


Synthesis and Purity-Hlavka et u/. (12) reported the prepara- 
tion of 7-iodo-6-demethyl-6-deoxytetracycline (766 tet) by dissolving 
6-demethyl-6-deoxytetracycline (66 tet) and N-iodosuccinimide 
(NIS) in concentrated sulfuric acid at 0”. By substitution of 1 ° * 1  


for stable iodine, 7-radioiodo-6-demethyl-6-deoxytetracycline (* 766 
tet) was prepared in this laboratory according to Hlavka’s direc- 
tions. The 1311-label was introduced by the preparation of N-131iodo- 
succinimide (N*IS) by modification of the method of Benson et a/.  
(13). Aqueous solutions of NalalI1 (25-75 mc.) were transferred 
to a test tube containing 2 ml. of carbon tetrachloride, and 1 ml. of 
NaI carrier ( 5  mg./ml.) was added. The test tube was fitted with a 
rubber stopper through which a dropping pipet, filled with concen- 
trated nitric acid, had been inserted. Nitric acid was then added to 
the water-carbon tetrachloride mixture. The closed tube was left 
for 18-24 hr., during which time free iodine was formed and dis- 
solved in the organic liquid. The aqueous overlayer was removed 
with a micropipet allowing the 131T2 in the carbon tetrachloride to 
remain in the test tube. Stable elemental iodine (1 g.) was placed in 
an amber 5-dr. vial, the cap lined with Teflon, and 5 ml. of sodium- 
dried, distilled dioxane added. The solution of carbon tetrachloride, 
containing 13%, was transferred to the vial. The test tube was 
rinsed with 1 ml. additional carbon tetrachloride, and the 1 ml. 


1 Purchased from Nuclear Science and Engineering Corp., Pitts- 
burgh, Pa. 
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rinse added to the reaction vial. Then 1.2 g. of N-silver succinimide 
was added in one portion, the lined cap replaced, and the 
closed vial agitated continuously for 90 min. The closed vial was 
immersed in a water bath (50") for 5 min., removed, and the con- 
tents filtered through a sintered-glass filter. The reaction vial and 
silver iodide precipitate were washed with 2-, 2-, and 1-ml. portions 
of hot dioxane. The dioxane wash was filtered and added to the 
filtrate. Carbon tetrachloride (25 ml.) was added to  the filtrate, the 
flask stoppered, covered with aluminum foil, and placed in a freezer 
for 12-18 hr. The contents of the flask were filtered to obtain 
N13W crystals which were washed with 30-, 20-, and 10-ml. portions 
of carbon tetrachloride. The N1311S crystals were stored in a vacuum 
desiccator, in the dark, for at least 24 hr. prior to utilization for the 
preparation of *766. The *766 was prepared with the 66 tet and 
the NI3lIS according to the procedures of Hlavka (12). 


Analyses of the *766 tet for chemical purity were performed as 
described by Hlavka et al. (12). These analyses included the prepara- 
tion of spectral absorbance curves and paper chromatographic 
procedures. Solutions of known concentration (2-15 mcg./ml.) 
were prepared by dissolving the labeled tetracycline in 0.1 N HCl. 
A Bausch and Lomb Spectronic 505 was used to record a continuous 
spectral absorbance curve, between the wavelengths of 220 and 
370 mfi, for each solution of *766 tet. The absorbance peaks were 
located and log epsilon values calculated. For the chromatographic 
procedures, Whatman No. 1 chromatography paper was immersed 
in a 0.2 M phosphate buffer (pH 2) solution and allowed to dry. 
Labeled tetracycline samples were applied to the buffer-treated 
chromatography paper as 1-2 solutions (aqueous and/or meth- 
anolic). Volumes of 2-25 pl. of the tetracycline solutions were 
applied to the paper. The tetracycline-spotted chromatography 
paper was placed in a standard chromatography jar and developed 
by the descending movement of n-butanol saturated with 0.2 M 
phosphate buffer (pH 2). Developing the paper for 19-20 hr. 
afforded a solvent movement of approximately 45 cm. The atmo- 
sphere of the chromatography jar was saturated with n-butanol and 
water vapor at least 24 hr. before using the jar to develop a chro- 
matogram Location of the tetracycline on the developed chro- 
matograms was performed by UV light irradiation. 


Hlavka el a/ .  (12) reported maximum absorbance at 230 and 345 
mp with log epsilon values of 4.48 and 4.12, respectively, for 766 
tet dissolved in 0.1 N HCl. UV spectral absorbance curves of the 
*766 tet prepared in this laboratory showed peaks at 239 and 345 
mp. The log epsilon values calculated for the absorbance peaks of 
*766 tet were 4.35 and 4.14, respectively. The UV absorbance and 
log epsilon values were not in exact agreement with the literature. 
This disagreement is attributed to  chemical contamination of the 
*766 tet with minute quantities of 66 tet. The small amount of 
chemical contaminant appeared on the developed chromatograms 
and was identified as 66 tet using Rf values. The degree of chemical 
contamination was considered insignificant. 


To determine the radiochemical purity of the *766, paper chro- 
matographic procedures utilized for the determination of chemical 
purity were employed. Autoradiography was used to detect the 
labeled tetracycline. The developed chromatograms were over- 
layed with No Screen Kodak Medical X-Ray film.2 After sufficient 
exposure time (lo8 d./cm.z), the film was developed in accordance 
with the recommendations supplied by the Kodak X-ray de- 
veloper.2 The area of the chromatogram bearing the *766 tet (as 
observed from the autoradiogram) was sectioned. The remaining 
portion of the chromatogram was considered to contain radio- 
chemical impurities. The sections were counted individually in a 
7.6-cm. (3-in.), sodium iodide, thallium-activated well crystal scintil- 
lation counting system. Ninety-nine percent of the radioactivity ap- 
peared at the R f  of 766 tet. 


Whole Body Retention-Two groups of female Sprague-Dawley3 
strain albino rats were utilized in this phase of the investigation. 
The first group of six animals was comprised of young, rapidly 
growing animals (100 f 5 9.) and the second group of six rats 
contained adult rats (200 f 10 g.). Animals were housed in 
individual metabolism cages for 24 hr. prior to *766 tet administra- 
tion and during the remainder of the study. Food and water were 
allowed ad libitum. A dose of 20 mg. of *766 tet (0.25 pc./mg.) per 
kilogram of body weight was given to each rat intraperitoneally. 
Distilled water served as the solvent for the labeled tetracycline. 


2 Eastman Kodak Co., Rochester, N. Y. 
3 Sprague-Dawley, Inc., Madison, Wis. 
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Figure 1-Whole body retention of labeled tetracycline in rats. 
Key: - - -, 100 g.; and -, 200 g .  


Whole body radioactivity counts of each rat were taken using an 
Armac liquid scintillation counting system.4 Just prior to placing 
the rats in the counter, they were imprisoned in a cylindrical cage 
which inhibited virtually all motion and allowed for reproducible 
positioning of the rats within the detector. The initial measurement 
of whole body radioactivity was made 45-60 min. after the dose of 
radioiodinated tetracycline was given and was considered as the 
initial or 100% body burden. Whole body counts were repeated at 
various time intervals for 480 hr. after drug administration. Sub- 
sequent counts were corrected for variation in counter efficiency, 
background, and radioactive decay to the time of the initial deter- 
mination. Corrected counts were expressed as a percent of the initial 
body burden. 


During the course of the whole body counting study, urine and 
feces were collected separately from each rat at 24-hr. intervals. 
Each intact 24-hr. specimen was counted in the Armac liquid 
scintillation counting system. The fraction of the administered 
*766 tet excreted per time interval was calculated in a manner 
similar to the whole body counts and the data expressed as a percent 
of the initial body burden. 


Distribution-The distribution and retention of *766 tet were 
determined in young and adult rats at various intervals after intra- 
peritoneal administration of the labeled tetracycline. Sixteen 40- 
day-old female Sprague-Dawley rats (100 f 10 8.) were administered 
a dose of 20 mg. of *766 tet (0.40 pc./mg.) per kilogram of body 
weight. Similarly, eighteen 90-day-old female rats (205 f 10 g.) 
were each injected with the labeled tetracycline solution. The rats 
were housed, watered, and fed as in the previous study. Three6 
animals from each age group were sacrificed 24 hr. after tetracycline 
injection, and at 72-hr. intervals thereafter, with the final group 
sacrificed 384 hr. after tetracycline administration. The rats were 
ether anesthetized and a 1-3-ml. blood sample withdrawn by 
intracardiac puncture. The rats were then sacrificed by an overdose 
of ether. Each rat was weighed to the nearest 0.5 g. The following 
samples were excised for analysis: heart, liver, lung, kidney, spleen, 
thyroid, humerus, femur, and a 1-3-g. sample of muscle. Each 
sample, except blood, was rinsed in distilled water and weighed. 
In most cases, the entire organ was removed and weighed. Each 
tissue sample was analyzed for tetracycline content bycounting in the 
7.6-cm. (3-in.), well crystal scintillation counting system. The counting 
data were expressed as the micrograms of tetracycline in the tissue 
specimen. Subsequent calculations, using the weight of the tissue 
specimen and the milligrams of tetracycline initially administered 
to each rat, were performed to express the data as the percent of 


4 Packard Model 440 Armac Scintillation detector in conjunction 
with a Packard model 410A Auto-Gamma spectrometer, Packard 
Instrument Co., La Grange, Ill. 


6 Only two rats were sacrificed at  24 and 96 hr. for the younger group. 
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Table I-Percent of the Dose of Iodinated Tetracycline (20 mg./kg.) Retained in Various Tissues" of Young Female Rats (100 9.) 
following Drug Administration 


Time after Administration, hr! 7 


Organ 24 96 168 240 312 3 84 
~ ~~ 


Heart 0.173 f 0.010 0.007 f 0.003 - - - - 


Liver 3.223 f 0.616 1.556 f 1.052 0.304 f 0.404 0.437 f 0.406 0.218 f 0.170 0.129 f 0.183 
Lung 0 . 2 0 7 f  0.010 0 . 0 1 2 f  0.003 0 . 0 0 6 f  0.002 - - - 


Kidney 1.593 f 0.172 0.036 f 0.003 0.019 f 0.006 0.009 f 0.002 0.007 f 0.002 0.006 f 0.002 
Spleen 0.133 f 0.OOO 0.170 f 0.052 0.038 f 0.019 - - - 
Thyroid 0.128 f 0.054 0.204 f 0.018 0.126 f 0.040 0.088 f 0.016 0.055 f 0.017 0.048 f 0.026 
Skeletal" 3.748 f 0.145 3.030 f 0.266 2.794 f 0.228 2.759 f 0.601 2.333 f 0.130 1.856 f 0.032 


6 Data expressed as the percent of dose per entire organ or tissue. b Intervals of 24 and 96 hr. represent the means of two rats; all others are the 
means of three rats. c Skeletal is averagepercentper gram of right humerus and femur multiplied by the number of grams of skeletal tissue estimated 
from body weight. 


Table 11-Percent of the Dose of Iodinated Tetracycline (20 mg./kg.) Retained in Various Tissues" of Mature Female Rats (200 9.) 
following Drug Administration 


Time after Administration, hr.b 7 


Organ 24 96 168 240 312 384 


Heart 0.212 f 0.019 0.007 f 0.004 - - - - 
Liver 2.974 f 0.850 1.092 f 0.692 0.322 f 0.350 0.235 f 0.172 0.198 f 0.155 0.254 f 0.262 
Lung 0.364 f 0.135 0.013 f 0.003 0.005 f 0.112 - - - 


Kidney 1.504 + 0.162 0.051 f 0.019 0.017 =I= 0.003 0.010 f 0.002 0.007 f 0.000 0.006 f 0.001 
Spleen 0.178 I!Z 0.089 0.009 f 0.004 0.004 f 0.002 - - - 
Thyroid 0.138 f 0.052 0.167 f 0.033 0.115 f 0.006 0.104 f 0.019 0.066 f 0.020 0.084 f 0.038 
Skeletal" 1.821 f 0.205 1.754 f 0.194 1.614 f 0.232 1.447 f 0.198 1.578 f 0.163 1.216 f 0.178 


~ 


a Data expressed as the percent of dose per entire organ or tissue. 6 Data represent the means of three rats. c Skeletal is average percent per gram 
of right humerus and femur multiplied by the number of grams of skeletal tissue estimated from body weight. 


the administered dose of tetracycline retained per gram of tissue or 
organ, as well as per the entire tissue or organ. 


Skeletal Retention-Following the distribution study, six 40- 
day-old female Sprague-Dawley rats (100 f 5 8.) and six 90-day- 
old rats (200 f 10 g.) received *766 tet in the same manner as 
described for the distribution study. Three of the rats from each 
age group were sacrificed at 312 hr. (13 days) and 384 hr. (16 days) 
after injection of the labeled tetracycline. The entire skeleton was 
excised from each rat and the total mass of nonskeletal tissue as- 
sembled. The skeleton and composited soft tissue from each rat 
were separately assayed for tetracycline by counting in the Armac 
liquid scintillation counting system. The quantity of the adminis- 
tered dose of labeled tetracycline retained by the skeletal mass and 
by the nonskeletal tissue was expressed as a percent of the initial 
body burden. 


Excretion-Examination of excreta obtained from rats dosed 
with *766 tet was undertaken in order to determine the metabolic 
fate of the tetracycline. Three 40-day-old female Sprague-Dawley 
rats (100 f 10 g.) were injected intraperitoneally with a dose of 
20 mg. of *766 tet (2.4 pc./mg.) per kilogram of body weight. Three 
90-day-old female rats (200 f 10 8.) were also given a dose of 20 
mg. of *766 tet (2.4 pc./tng.) per kilogram of body weight. A higher 
specific activity tetracycline was necessary for this phase of the 
investigation in order to ensure the detection of metabolic products, 
if any, in the excreta. Following labeled-tetracycline administration, 
the rats were housed in individual metabolism cages and the excreta 
collected 48 hr. after injection of the tetracycline. Radioactive 
products appearing in the 48 hr. excreta were qualitatively analyzed 
using chromatographic techniques. Thick-layer chromatograms 
were prepared with an aqueous slurry of MN-Cellulose powder- 
300.O The cellulose-coated plates were air dried and impregnated 
with a mixture of 0.2 M phosphate buffer (pH 2.0) and glycerol 
(19:l). The plates were allowed to air dry before spotting. Un- 
treated urine was applied to the thick-layer chromatograms in 
amounts ranging from 2.5 to 30 pl. per application. Following 
thorough homogenation of feces, portions of the fecal homogenates 
were applied to  the thick-layer chromatograms. Each plate was also 
spotted with a sample of the *766 tet used to dose the rats. After 


8 Brinkmann Instruments. Inc., Westbury, N. Y. 


solvent development,' the chromatograms were autoradiographed 
for 4 weeks. 


RESULTS AND DISCUSSION 


Whole body retention of tetracycline for the two different age 
groups of rats is presented in Fig. 1. Whole body retention of tetra- 
cycline was similar during the first 4 days of the experiment, but 
then the body burden of tetracycline in the younger (100 9.) rats 
became 1 greater than the mature (200 9.) animals. A Student's 
i difference of means test showed the body burden of tetracycline 
to be statistically greater (p = 0.005) in the younger rats from Day 8 
until termination of the study at  Day 20. The curves shown in Fig. 1 
were fitted by a standard exponential analysis in the sense of least 
squares. The intercepts and slopes are reported for the long-lived 
exponentials. The young rats intercept is 1 .8x greater and has a 
half-time 162 hr. faster than the mature rats. The elevated whole 
body tetracycline retention shown by the young rats was considered 
to be the result of increased tetracycline fixation to the faster grow- 
ing skeletal tissue of the younger rats, but this remained to be 
demonstrated from the distribution and skeletal studies. 


The results of the distribution study, expressed in terms of the 
percent of the administered dose of tetracycline retained by the 
entire organ or tissue, are presented in Tables I and I1 and in Fig. 2. 
In Fig. 2 the curves were fitted by a standard exponential analysis 
in the sense of least squares. The percent of the administered dose of 
tetracycline present in the entire skeleton was calculated according 
to the method of Myers and Jaffe (6). They averaged the micrograms 
of tetracycline retained per gram of humerus bone and femur bone, 
then multiplied the value by the total skeletal weight. The values of 
total skeletal weight were obtained from the body weight of the rats 
by using data from a quantitative study of skeletal growth in the 
albino rat performed by Donaldson (14). As may be observed from 
Tables I and 11, the amount of tetracycline decreased to undetect- 
able levels by Day 7 or 10 for the spleen, lung, and heart. The 
skeleton, liver, thyroid, and kidney persistently contained tetra- 


' The organic 
2.0) mixture. 


phase of an n- butanol-0.2 M phosphate bufferI(pH 
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Retention of labeled tetracvcline in rat organs. Key: -, - 
skeleton; - - -, liver; -!I\[-, thyroid; and - - - -, kidney. 


cyline until the termination of the study. For both age groups, bone 
contained greater amounts of the tetracycline than any of the other 
tissues studied. After Day 10, the quantity of tetracycline in the 
skeleton of either age group exceeded the level of all other organs 
by a factor of 10 or greater. 


The intercepts and biological half-times of the whole body re- 
tention curves (Fig. 1) and organ distribution curves (Fig. 2) have 
been summarized and compared in Table 111. Both the intercepts, 
as percent of the dose, and half-times, in hours, are listed for the 
long-lived exponentials. Differences have been computed by sub- 
tracting the value of the mature rats from that of the young rats. 
Whole body retention curves show an intercept difference of 1.80%. 
Intercepts of the liver, kidney, and thyroid are very similar for 
young and adult rats; however, the skeleton shows an intercept 
difference of 1.92% which is very comparable to the intercept 
difference seen in whole body retention. Examination of the bio- 
logical half-time data shows that the long-term whole body reten- 
tion half-time of the younger rats was 162 hr. shorter than that 
observed for the older animals. Age differences in the biological 
half-times of the liver and kidney were not great. Thyroids show a 
difference in biological half-times between the age groups, but the 
skeleton, by far, displayed the greatest difference (the younger group 
319 hr. faster). Although the intercepts and half-times obtained 
for whole body retention would not seem to be precise measure- 
ments of the tetracycline bone compartment, there is a high correla- 
tion between whole body retention intercepts and the skeletal 
intercepts obtained from the distribution study. This correlation 
becomes less evident when biological half-times are examined in 
the same manner. 


In addition to the distribution analyses previously described, the 
levels of tetracycline in entire skeletons were investigated in that 
time domain where the whole body burdens were statistically 
greater in the young rats as compared to the mature rats. At Day 
13 and Day 16 postinjection, complete skeletons of three females 
per age group were separated from their respective soft tissue. 
The skeletons and soft tissues were counted separately for tetra- 
cycline content. In Table IV, skeletal and soft tissue retention as a 


Table 111-Summary of Age-Related Differences of Long-Term 
l3 'I-Tetracycline Retention Intercepts and Half-Times" 


Intercepts, % of Initial 


1oOg. 200 g. Ab 100 g. 200 g. A 


Biological Half-Times, 
Body Burden hr. 


Whole body 
retention 4.90 3.10  1.80 420 582 -162 


Thyroid 0.20 0.16 0.04 180 327 -147 


Liver 1.01 0.80 0.21 125 180 - 55 
Kidney 0.03 0.03 - 135 150 - 15 


Skeleton 3.82 1.90 1.92 405 724 -319 


a Obtained from the long-lived exponentials of the whole body reten- 
tion and organ distribution curves. b Value from mature rat substracted 
from that of the young rat. 


Table IV-Percent of the Initial Body Burden of Tetracycline 
Retained by the Skeleton and Nonskeletal Tissue 


Time, ----Skeletal Retention,& %-- 
hr . Young, 100 g. Mature, 200 g. tobs.b 


312 1.600 f 0.021 1.098 f 0.088 9.61 
384 1.520 f 0.058 0.998 f 0.171 5.012 


312 1.780 + 1.144 1.110 f 0.626 1.182 
384 0.901 f 0.351 0.634 f 0.153 1.207 


?- Retention by Nonskeletal Tissue,. %--- 


a Mean and standard deviation of three rats per age group. b Statistic 
calculated from the experimental data according to a Student's t 
difference of means test. Any tobe.  exceeding 4.60 provides statistical 
proof (4 degrees of freedom, 99.5 percentile point) of greater retention 
in the younger animals. 


percent of the initial body burden is shown for the young and mature 
rats both at 312 hr. (Day 13) and 384 hr. (Day 16). The younger 
rats retained more tetracycline in both hard and soft tissue com- 
partments at each time interval. A difference of means test indicated 
that the skeleton of young rats contained significantly greater 
amounts of tetracycline than the skeleton of older rats. Skeletal 
values were also noted to be highly consistent as evidenced by the 
low standard deviations. Regarding soft tissue retention of tetra- 
cycline, considerable variations were present among the members of 
each group resulting in standard deviations much larger than those 
obtained for skeletal retention. A difference of means test did not 
indicate that the observed differences in soft tissue retention between 
age groups were statistically significant. 


The results of this phase of the study indicate that the statistically 
greater whole body retention of tetracycline previously shown by 
the young group of rats resulted from localization of increased 
amounts of tetracycline in the skeletons of the young. This supports 
the hypothesis that increased skeletal mineralization in young 
animals can be determined using whole body measurements of 
radioiodinated tetracycline, but points out that the validity of the 
test remains dependent upon obtaining either a complete or uniform 
clearance of tetracycline from the soft tissue compartment prior to 
making whole body measurements. 


Figure 3 graphically represents the percent of the administered 
tetracycline accumulated in the urine and the feces of rats which 
were used in the whole body retention study. No significant differ- 
ence in excretion of the tetracycline was noted between age groups. 
The data show clearly the importance of fecal excretion as the 
route of tetracycline elimination. 


As described in the methods section, examination of excreta 
obtained from both age groups was undertaken in order to deter- 


5 80 


(r 
3 


2. 
$ 60 
A 
U 


n 


m 


m 


t z 
u 40 


op 


- 


0 
b 
2 
W 


w 20 a 


0 5 10 15 20 
TIME AFTER TETRACYCLINE ADMINISTRATION, days 


Figure %-Accumulated excretion of labeled tetracycline in the rat. 
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Table V-Comparison of In Viuo Properties of '311-Labeled Tetracycline to Commerical Tetracyclines 


Criteria of Demethyl- +Labeled 
Comparison, Chlortetracycline chlortetracycline Tetracycline Tetracycline 


Whole body retention 


Dose eliminated in feces 


Dose in skeleton 


Dose per gram of bone after 
intraperitoneal injection of 
20 mg./kg. 


Dose recovered unmetabolized 
in excreta 


3-23% at 72 hr." (18) 


50% at 168 hr. (18) 


10% at 168 hr." 


15% at 168 hr. 


- 


9.5% at  72 hr." 
6.7% at 168 hr." ( 1 5 )  
23-54% at 168 hr. (15) 


3-5 x in 60-g. male rats 
at 4 days; 1-2% in 
340-g. males (6) 


at 24 hr. in adult 
males (19) 


(16) 


(16) 
- 


- - 0.16 % per gram of bone 


Not metabolized to any 93% (16) 95% (15) 
significant extent ( I  8) 


10% at 72 hr. 
3477, at 168 hr. 
90% at 168 hr. 


3 % in 100-g. female rats 
at 4 days; 1.8x in 
200-g. females 


0 .15zpergramof  
bone at 24 hr. in 
adult females 


significant extentb 
Not metabolized to any 


a Values listed are based upon quantitative recovery of excreta products. Numbers in parentheses are references. b Analysis performed on excreta 
collected within 48 hr. after administration of the drug. 


mine the metabolic fate of the labeled tetracycline. For both age 
groups the autoradiograms prepared from chromatograms of urine 
disclosed the presence of a single labeled compound with an Rf 
value almost identical with that of the *766 tet utilized in the various 
studies. In feces, the autoradiograms indicated the presence of 
minute amounts of 13'I-activity other than that identical to the *766 
tet standard. Even though the film had been exposed to the chro- 
matogram for4 weeks the image produced on the film by radioactivity 
other than that associated with the *766 tet was barely detectable. 
The *766 tet utilized in these studies was recoverable in the excreta 
of the animals in essentially unaltered form. This strongly signifies 
that 1311-activity remaining in the animal tissue is associated with 
tetracycline, but does not provide unequivocal proof of this assump- 
tion. It would appear that the *766 tet utilized in the various studies 
was essentially unmetabolized. 


Aware that iodination of tetracycline might result in a compound 
that was not biologically representative of the tetracycline family, 
attention was devoted to assembling in uiuo parameters of retention, 
excretion, and distribution of the iodinated tetracycline. In Table V, 
biological observations for the iodinated tetracycline are compared 
to results obtained by other investigators using several commercially 
available tetracycline antibiotics. There is good correlation between 
the radioiodinated tetracycline prepared in this laboratory and the 
other tetracyclines for whole body retention, skeleton and bone 
uptake, and metabolism. Examination of the percent of the dose 
eliminated in the feces shows that the radioiodinated tetracycline is 
excreted in the feces in far greater quantities than the other tetra- 
cyclines. Since in most cases the radioiodinated tetracycline com- 
pared favorably to the other tetracyclines, the radioiodinated 
tetracycline is considered to be representative of the tetracycline 
family of compounds. 


SUMMARY AND CONCLUSIONS 


Investigators have reported that tetracyclines are rapidly excreted 
within 7 days of administration and that the majority of tetracycline 
retained after 7 days remains bound to the skeleton (15, 16). Also, 
the quantity of tetracycline fixed and retained by the skeleton of 
animals is proportional to the age of the animal and/or skeletal 
turnover rate (2, 6, 17). Based upon these reports, an attempt was 
made to assess skeletal burdens of tetracycline in rats by measure- 
ments of whole body radioactivity following administration of 
radioiodinated tetracycline. 


When the whole body retention of labeled tetracycline was studied 
in young and mature rats, statistically greater body burdens were 
observed in the younger group. Distribution experiments showed 
that the higher body burdens of the younger animals were related 
to their increased skeletal uptake of tetracycline. In subsequent 
experiments, skeletons of several test rats from each age group were 
surgically cleansed of soft tissue. Tetracycline skeletal burdens 
were determined and found to be very uniform within each group, 
and statistically higher levels of skeletal tetracycline were found in 
the younger animals when compared to  the older. Tetracycline 
levels within soft tissue were obtained for the same animals. While 


skeletal levels were very consistent within each experimental group, 
the soft tissue values showed relatively large variations among 
members of each group. The younger rats retained larger amounts 
of tetracycline in soft tissues, but differences in soft tissue values 
between age groups could not be statistically verified. The data from 
the various experiments indicate that age differences in whole body 
retention of labeled tetracycline did reflect age differences of skeletal 
tetracycline fixation; however, persistent localization of tetracycline 
in soft tissue compartments, and the animal-to-animal variation 
of soft tissue tetracycline residue, reduced the accuracy of predicting 
skeletal levels by whole body measurements. The proposed tech- 
nique may be of extreme value in the study of skeletal metabolic 
disorders provided a rapid, complete, or uniformclearance of tetra- 
cycline from soft tissue compartments could be obtained. 


In conclusion, the results of this investigation indicate : 
1 .  The labeled tetracycline synthesized in this laboratory was 


representative of the tetracycline antibiotics. 
2. Whole body retention of iodinated tetracycline in young 


growing rats was greater than in mature rats, and resulted from 
enhanced skeletal deposition of tetracycline in the young rats as 
contrasted to the older animals, 


3. Residual and variable amounts of tetracycline persisted in soft 
tissues for prolonged intervals after injection, but the skeleton 
showed the greatest uptake and consistent binding of the drug. 


4. Skeletal fixation of tetracycline can be estimated by whole body 
measurements of radioiodinated tetracycline, but the accuracy of 
the estimates obtained is dependent upon a uniform soft tissue 
clearance and this has been shown to be variable. The technique 
may be of value for assessment of skeletal metabolic activity, 
especially when comparing normal to pathological states, providing 
a uniform clearance of tetracycline from soft tissues can be achieved. 


REFERENCES 


(1) D. P. Rall, T. L. Lee, M. Lane, and M. G. Kelly, J. Nat. 


(2) R. A. Milch, D. P. Rall, and J. E. Tobie, ibid., 19, 87(1957). 
(3) W. H. Harris, R. H. Jackson, and J. Jowsey, J. Bone Joint 


(4) H. M. Frost, Cun. J .  Biochem. Physiol., 40,485(1962). 
( 5 )  W. H. Harris, Nature, 188, 1038(1960). 
(6) H. M. Myers and S .  M. Jaffe, J. Dent. Res., 44,502(1965). 
(7) R. A. Milch, D. P. Rall, and J. E. Tobie, J. Bone Joint Surg., 


(8) L. Blomquist and A. Hanngren, Biochem. Pharmacol., 15, 


(9) H. M. Frost, Can. J .  Biochem. Physiol., 41,31(1963). 


Cancer Inst., 19,79(1957). 


Surg., MA, 1308(1962). 


40A, 897(1958). 


21 5( 1966). 


(10) W. R. Lee, J. Anaf., 98,665(1964). 
(1 1) 0. Landeros and H. M. Frost, Henry Ford Hosp. Med. Bull., 


(12) J. J. Hlavka, A. Schneller, H. Kranzinski, and J. H. Boothe, 


(13) W. R. Benson, E. T. McBee, and L. Rand, Org. Syn., 42, 


12,499( 1964). 


J. Amer. Chem. Soc., 84,1426(1962). 


73(1962). 


472 0 Journal of Pharmaceutical Sciences 







(14) H. H. Donaldson, Amer. J .  Anat., 26, 237(1919-1920). 
(15) R. G. Kelly and D. A. Buvake.J. Pharmacol. EXO. Ther.. 130. 


ACKNOWLEDGMENTS AND ADDRESSES 


144( 1960). 


320(1961). sity, Lafayette, IN 47907 


Received September 13, 1968, from the Department of Bionu- 
cleonics, SchoolofPharmacy andPharmacalScietzces, Purdue Univer- (I6) R. G .  L. A. Kanegisy and D. A. Buyake* ibid*, lM, 


(17) W. R. Lee, J. H. Marshall, and H. A. Sissions, J. Bone 
Joint Surg., 47B, 157(1965). 


122(1963). 


15q1960). 


Accepted for publication November 12, 1969. 
(18) H- J. Eisner and R. J. WUlf, J- Pharmacol. EXP. Ther.9 14% This investigation was supported in part by the National Center 


for Radiological Health, U. S. Public Health Service. (19) D. A. Buyake, H. J. Eisner, and R. G. Kelly, ibid., 130, 
* Present address: Hazelton Labs, Falls Church, VA 22046 


Effect of Probenecid on Renal Clearance 
of Riboflavin in Man 


WILLIAM J. JUSKO, GERHARD LEVY*, SUMNER J. YAFFE, and RAFAEL GORODISCHER 


Abstract 0 The renal clearance of riboflavin was determined in 
three human subjects at various serum concentrations of the vita- 
min with and without prior administration of probenecid. Renal 
clearances of riboflavin exceeded (up to three times) the endogenous 
creatinine clearances, which indicates that riboflavin excretion in- 
volves renal tubular secretion. The clearance of riboflavin was less 
at low than at high serum concentrations of the vitamin, charac- 
teristic of a saturable tubular reabsorption process. Probenecid 
decreased the renal clearance of riboflavin, and this effect was 
directly related to the serum concentration of the inhibitor. The 
serum protein binding of the vitamin was essentially constant 
(60 %) over the concentration range encountered and was unaffected 
by the presence of probenecid. 


Keyphrases 0 Riboflavin, renal clearance, man-probenecid effect 
Probenecid, effects-riboflavin, renal clearance, plasma protein 


binding 0 Spectrophotometry-analysis 


A pharmacokinetic analysis of literature data by 
Levy and Jusko (1) yielded renal clearance values for 
riboflavin in a human subject which were appreciably 
higher than the normal glomerular filtration rate. 
Subsequently, it was found that probenecid, an in- 
hibitor of certain specialized renal transport processes 
( 2 ) ,  decreased the initial rates of urinary excretion of 
oral and parenteral doses of the vitamin in human 
subjects (3). These studies suggested that the renal 
excretion of riboflavin in man involves tubular secretion. 
The existence of such a mechanism for riboflavin has 
already been demonstrated in the chicken by Rennick 
(4) who also noted an inhibitory effect of probenecid 
on this process. 


The purposes of the study to be described were to 
determine directly the renal clearance of riboflavin in 
man and to assess quantitatively the effect of probenecid 
on this process as well as on the plasma protein binding 
of the vitamin. 


EXPERIMENTAL 


The studies were carried out in three healthy human subjects: an 
adult male (Subject J), age 26 years, and two female children (Sub- 


ects A and C), ages 8 and 11 years, respectively. The adult subject 
received a single intravenous dose of riboflavin-5'-phosphate 
(FMN)l equivalent to about 30 mg. of riboflavin (FR) with and 
without 1 g. probenecidz given orally in suspension 1 hr. prior to 
FMN injection. Urine was collected at appropriate intervals for a 
total of 48 hr. Blood samples were drawn from the antecubital 
vein at -0.5, 0.25, 0.75, 1.25, 2.25, 3.25, 4.5, 6.5, 8.5, 13.0, and 
25.0 hr. relative to the time of FMN injection. These times were 
midpoints of urine collection periods. 


The two younger subjects received an initial intramuscular dose 
of FMN3 equivalent to 16 mg. FR followed by three hourly oral 
doses of 6 mg. FR as FMN in solution. Urine was collected at 
hourly intervals and blood was drawn from the antecubital vein 
at the midpoints of the three urine-collection periods. A 0.5-g. 
dose of probenecid in tablet form was administered in crossover 
fashion to the two children 1 hr. prior to the initial dose of FMN. 
There was an interval of 7 days or more between the control and 
probenecid studies. 


Protein-Binding Determinations-The ultrafiltration technique 
described in an earlier publication ( 5 )  was used to determine the 
extent of protein binding of the flavins and probenecid in the serum 
samples. 


FMN Stability Study-A series of samples, each containing 1 ml. 
of FMN in pH 7.4 isotonic Sorensen's buffer and 1 ml. of freshly 
drawn whole blood from Subject J ,  were incubated at 37" in the 
dark. The concentrations of FMN and FR in the samples were 
determined as a function of time. Control solutions, without blood, 
were similarly analyzed. 


Analytical Method-Riboflavin and FMN were determined 
fluorometrically by methods previously described ( 5 ,  6). Endo- 
genous creatinine levels in urine and serum were determined colori- 
metrically by the alkaline picrate method (7). Probenecid in serum 
was assayed by the spectrophotometric method of Dayton et al. 
(8). Initial serum samples were assayed for albumin content as 
described previously ( 5 ) .  


Data for flavins and probenecid were corrected for blank readings 
of urine and serum samples obtained prior to administration of the 
compounds to the test subjects. There was no interference in the 
assay of any of the compounds due to the presence of the others. 


RESULTS 


Renal Clearances of Riboflavin and Effect of Probenecid-Ribo- 
flavin clearances in Subjects A and C (Table I) were determined 


1 Sodium riboflavin-5 '-phosphate, Hoffmann-LaRoche, Nutley, N. J. * Benemid tablets, Merck Sharpe and Dohme, West Point, Pa. 
Hyrye injection, S. F. Durst and Co., Inc., Philadelphia, Pa. 
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Quinine-Effect on Tetrahymena pyriformis 11: 
Comparative Activity of the Stereoisomers, 
Quinidine and Quinine 


K. A. CONKLIN", P. HEU, and S. C. CHOU 


Abstract 0 Treatment of heat-synchronized Tetrahymena with 
quinine or quinidine resulted in inhibition of synchronized cell 
division. Syntheses of DNA, RNA, protein, and lipids were also 
effectively blocked by both drugs. The effects of quinine and quini- 
dine were quantitatively the same in all instances, indicating that 
the intracellular action of the two drugs in Tetrahymena is similar. 


Keyphrases 0 Quinine, quinidine effect-Tetrahymena pyriformis 0 
Quinidine, quinine effect-RNA, DNA, protein, lipid synthesis 0 
Thymidine-, uracil-, amino a~ids-~~C-Tefrahymena pyriformis utili- 
zation 


Quinine and quinidine are, respectively, the levo- 
and dextrorotatory stereoisomers of 6-methoxy-a- 
(5-vinyl-2-quinuclidinyl)-4-quinolinemethanol and ex- 
hibit similar physical and chemical properties. Bio- 
logically the drugs are similar with respect to absorp- 
tion, distribution, excretion, and antimalarial activity 
(I), but quinidine is more effective than quinine as 
an antifibrillatory agent (2). Whether this difference in 
biological activity is due to different actions at the 
subcellular level has yet to be determined. 


The authors investigated the action of the two drugs 
on the free-living protozoan Tetrahymena pyriformis. 
Tetrahyrnena is ideal for the study of drug action be- 
cause: (a )  this organism is easily grown in culture 
medium; (b) the cells can be synchronized which allows 
for the study of the effects of drugs on a population of 
cells that are all in the same growth phase; and (c) 
the direct action of drugs on DNA, RNA, protein, and 
lipid synthesis can be studied while the cells are in their 
normal growth environment. 


EXPERIMENTAL 


Cultures of T. pyriformis, strain GL, were grown, synchro- 
nized by heat treatment (3), harvested, and washed in Ringer's 
buffer as described previously (4). The following procedures were 
used to determine the effect of quinine and quinidine on synchro- 
nized Tetrahymena in Ringer's buffer. 


Effect of Quinine and Quinidine on Synchronized Cell Di- 
vision-At the end of the heat treatment (EHT), 5-ml. aliquots of 
washed cells were pipeted into 25-ml. conical flasks containing 
either quinine hydrochloride or quinidine sulfate and into a control 
flask without drug. The drug concentrations were 1.3, 2.5, and 
3.8 X lo-' M. The flasks were placed on a rotator at 28" for the 
duration of the experiment. Cell samples were taken at regular 
intervals and fixed in 0.7 % formalin in Ringer's buffer; the number 
of cells per milliliter was determined by direct cell counts (4). The 
effectiveness of the drugs was determined by the observed degree of 
inhibition of the first (80 min. after EHT) and second (200 min. 
after EHT) synchronized divisions. 


Effect of Quinine and Quinidine on DNA, RNA, Protein, and 
Lipid Syntheses after EHT-At EHT, 2-ml. aliquots of washed 
cells were pipeted into 25-ml. flasks containing measured amounts 
of quinine or quinidine plus 2.5 pc./ml. of 3H-thymidine, 2.0 pc./ml. 
of 14C-uracil, 0.25 pc./ml. of 14C-amino acids, or 0.25 pc./ml. of lac- 


Table I-Inhibition of Synchronized Cell Division by 
Quinine (Q) and Quinidine (QD) 


---Concentration, moles/l. X 1 O L  
1 .3  2.5 3.8 


Mean Inhibition f SE" 
First Q 15 f 2.3 40 f 0.6 108 f 2.3' 


division QD 19 f 1.5 40 f 2.2 101 f 4.1' 
Second Q 50 f 3.2 95 f 3.6 102 f 3.1b 


division QD 50 f 3.9 102 f 1.5' 110 f 4.3' 


a Each value from three determinations. In no instance is p less than 
0.2 for any pair of values. b Values greater than 100% inhibition are due 
to  cell death and lysis in the treated samples. 


acetate. The drugs were used at 1.3, 2.5, and 3.8 X lo-' M ,  and 
flasks containing just the radioactive precursor served as controls. 
The flasks were incubated on a rotator at 28", and incorporation of 
radioactive precursors was followed for 80 min. by the filter paper 
disk procedures of Byfield and Scherbaum for DNA, RNA, and 
protein (5) or Byfield et al. for lipids (6). 


RESULTS AND DISCUSSION 


Table I shows the effect of quinine and quinidine on the first and 
second synchronized cell divisions. The actions of the drugs at all 
levels tested were quantitatively the same, both drugs showing 
partial inhibition at 1.3 and 2.5 X lo-' Mandcomplete inhibition 
at 3.8 X M. 


To determine if arrest of cell division was due to  inhibition of 
DNA, RNA, or protein biosyntheses, the effect of the drugs on in- 
corporation of radioactive precursors (thymidine, uracil, and amino 
acids, respectively) into the macromolecules was followed. The re- 
sults (Table 11) show that both quinine and quinidine were effective 
inhibitors of all three pathways and that equal concentrations of the 
two drugs produced approximately the same degree of inhibition. 
These results indicate that both drugs have similar actions on these 
biosynthetic pathways and that the inhibition of cell division is not 
due to inhibition of one specific cellular function. 


One possible explanation for inhibition of both nucleic acid and 
protein syntheses is that the drugs block energy metabolism in 
Tetrahymena. To investigate this possibility, the authors studied 
the incorporation of acetate into the acid-insoluble lipid fraction. 
This test has been used by others to determine the state of the 
energy-generating systems in Tetrahymena (7, 8). The results 
(Table 11) show that both drugs were effective inhibitors of lipid 
synthesis, and the degree of inhibition was the same for equal con- 
centrations of the two drugs. As stated previously for quinine (4), 
these results indicate that the primary action of the drugs in Tetra- 
hymena may be inhibition of energy production with the action on 
DNA, RNA, and protein syntheses being secondary. In support of 
this, quinidine is known to inhibit oxygen uptake (9, 10) and the 
oxidation of free fatty acids (11) and carbohydrates (11, 12) in 
cardiac muscle, and quinine is known to inhibit pyruvate oxidation 
through the citric acid cycle (13), isolated respiratory enzymes (14), 
and oxygen uptake (15) of Plasmodium. 


Tetrahymena has proved to be a very useful tool for studying the 
mechanism of action of certain drugs (4, 7, 16, 17). The results pre- 
sented using this system demonstrate that, for each parameter 
investigated, there was no significant difference in the action of 
quinine or quinidine (p always greater than 0.2). These data suggest 
that the intracellular action of the two drugs in Tetruhymena is the 
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Table 11-Inhibition of DNA, RNA, Protein, and Lipid 
Synthesis by Quinine (Q) and Quinidine (QD) 


~ 


-Concentration, moles/l. x lo+ 
1.3 2.5 3.8 


DNA 


RNA 


Protein 


Lipid 


synthesis 


synthesis 


synthesis 


synthesis 


Mean Inhibition f SE" 
Q 34 f 3.5 69 f 6.1 
QD 3 2 f  5.7 75 f 2.1 
Q 33 j= 0 .5  55 f 2.4 
QD 3 6 f  2.9 56 f 2.1 
Q 51 f 3.9 60 f 0.2  
QD 50=k 3.4  63 f 3.8 
Q 8 f  1 . 8  1 4 f  3.3 
QD 7 f 2.3 15 f 1.8 


79 f 2.6 
78 f 3.2 
62 f 1.9 
61 f 1.9 
73 f 1.4  
71 f 1.1 
27 f 4.1 
35 f 3.7 


a Each value from four determinations. In no instance is p less than 
0.2 for any pair of values. 


same. The difference in antifibrillatory action of the drugs may be 
due in part to differences in chemical structure which, in turn, may 
reflect cardiac receptor specificity. 
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Physiologic Surface- Active Agents and Drug Absorption VII: 
Effect of Sodium Deoxycholate on Phenol Red 
Absorption in the Rat 


STUART FELDMAN", MICHAEL SALVINO, and MILO GlBALDI 


Abstract 0 The influence of sodium deoxycholate on the absorption 
of phenol red in the rat was studied using three techniques to 
assess absorption-viz., urinary excretion data after oral administra- 
tion to intact animals, loss of drug from in situ intestinal loops, and 
transfer of drug across the isolated everted intestine. Each of the 
methods provided evidence that the bile salt markedly enhances the 
absorption of phenol red by altering the permeability of the in- 
testinal membranes. In the intact rat, these effects appear to be 
reversible. 


Keyphrases 0 Phenol red absorption, rat-sodium deoxycholate 
effect 0 Sodium deoxycholate--effect on phenol red absorption, 
rat 0 Colorimetric analysis-phenol red 


The role of bile salts in the intestinal solubilization 
and absorption of fats and fat-soluble vitamins has been 
studied extensively (1-3). Recently, it has been reported 
that bile salts may also enhance the intestinal absorp- 
tion of poorly lipid-soluble substances. Mayersohn 
et al. (4) reported a 1.5- to 1.8-fold increase in the uri- 
nary recovery of riboflavin in man when sodium deoxy- 
cholate was administered 0.5 hr. prior to the oral in- 


gestion of the vitamin. The results suggest that the bile 
salt enhancement of riboflavin absorption may be due 
to changes in the permeability of the gastrointestinal 
membranes to the transport of the vitamin. Feldman 
and Gibaldi (5 ,6 )  have shown that relatively low micel- 
lar concentrations of sodium taurodeoxycholate 
markedly increase the permeability of everted rat in- 
testine to salicylate ion. 


The purpose of the present investigation was to  de- 
termine the effects of an unconjugated bile salt, sodium 
deoxycholate (SDC), on the absorption of a water- 
soluble, poorly absorbed compound, phenol red, in the 
rat using several experimental techniques to assess ab- 
sorption. 


EXPERIMENTAL 


Absorption Studies in Intact Rats-Male Sprague-Dawley rats 
weighing between 200 and 300 g. were used in all experiments. The 
animals were fasted 24 hr. (with water allowed ad libitum) prior to 
gastric intubation of 1.5 ml. of a 1-rng./ml. phenol red solution in 
distilled water containing 100 mM sodium deoxycholate (SDC). 
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262 m.u against the elution solvent blank. Compare the absorbance 
of the sample to that of the sulfanilamide reference standard 
solution. 


RESULTS AND DISCUSSION 


Proprietary standards of sulfacetamide and sodium sulfacetamide 
were analyzed by the column chromatographic procedure. A por- 
tion of the sodium sulfacetamide was recrystallized and also 
analyzed. All three standards were eluted with an additional 30 ml. 
of elution solvent after the first 50 ml. was collected. The 50-ml. 
fraction exhibited absorbance maxima at 262 mw; the subsequent 
eluates did not show UV absorbance. Therefore, the sulfanilamide 
was completely eluted and no additional sulfanilamide or any sul- 
facetamide was present in subsequent 30-ml. eluates. However, each 
batch of alumina should be tested to ensure that the desired sepa- 
ration occurs in the first 50 ml. of eluting solvent. 


Sulfanilamide was added to the free sulfacetamide and to the 
recrystallized sodium salt, and recoveries were obtained. Data from 
analyses using these standards are reported in Table I. 


Two buffered ophthalmic solutions of 10 and 30% sodium sul- 
facetamide and a tablet form of sulfacetamide, 500-mg. label declara- 
tion, were assayed for their sulfanilamide content. Known amounts 
of sulfanilamide were added and percent recoveries were determined. 
Data from these analyses showed that the ophthalmic solutions 
contained a larger percentage of sulfanilamide than the tablets. 
This agrees with the quantitative findings of Gruber and Klein (4). 


The USP XVII (6) or NF XI1 (7) procedure failed to detect any 
degradation of sulfacetamide preparations since it is a general 
titrimetric procedure for sulfonamides. 


The residue left after evaporation of the column eluate was 
confirmed as sulfanilamide by IR spectroscopy, employing micro- 
KBr disk techniques. 


All standards and samples used in this study were analyzed by the 
screening procedure of Gruber and Klein (4) on silica gel. Amounts 
were spotted to yield about 0.1 mcg. of sulfanilamide as determined 
by the column chromatographic procedure. Sulfanilamide was de- 
tected in all cases except in the sulfacetamide standard and the 
tablet form of sulfacetamide. These also gave the lowest results by 
the column chromatographic procedure. 


The method described in this paper can also be used to determine 
purity of reference standards of the free sulfa or its sodium salt to 
meet compendia1 requirements. Levels of sulfanilamide below 1 % 
can be quantitated. 
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Selective Determination of Isoproterenol and 
Isoproterenol Sulfonic Acid in 
Pharmaceutical Dosage Forms 


K. K. KAISTHA 


Abstract Two simple, precise, and specific methods for the 
determination of isoproterenol in decomposed formulations are 
described. DEHP shakeout procedure, which depends upon ion- 
pair formation with the unchanged drug at a suitable pH, enables 
the quantitative determination of isoproterenol from the DEHP- 
ether phase and of its sulfonic acid from the aqueous buffer phase. 
Isoproterenol sulfonic acid can then be determined selectively by 
treating the aqueous buffer phase with Doty’s reagents. The sodium 
metaperiodate method has been developed as an alternate check- 
ing procedure to validate the results obtained by the DEHP method 
and involves the quantitative formation of an aryl aldehyde of the 
unchanged drug. The merits of both the procedures over the con- 
ventional UV and visible spectrophotometric procedures are shown 


by their application to the analysis of simulated decomposed for- 
mulation, aged simulated inhalations and injections, and commercial 
formulations. A thin-layer chromatographic procedure for the 
separation and detection of isoproterenol and its sulfonic acid and 
other artifacts is described. 


Keyphrases Isoproterenol dosage forms-analysis Isopro- 
terenol sulfonic acid formed in products-analysis 0 Degradation 
products presence-isoproterenol determination 0 Di-(2-ethyl- 
hexy1)phosphoric acid extraction method-isoproterenol deter- 
mination 0 Metaperiodate sodium method-isoproterenol de- 
termination 0 UV spectrophotometry-analysis [7 TLC- 
analysis 


The selective determination of isoproterenol (3,4- pharmaceutical dosage forms, especially inhalations 
dihydroxy-a-[(isopropylamino)methyl]-benzyl alcohol and injections containing isoproterenol hydrochloride, 
hydrochloride), in the presence of isoproterenol sulfonic can change with aging. The change is attributed to the 
acid and other decomposition products or vice versa, interaction of isoproterenol with the bisulfite antioxi- 
presents an unusually difficult analytical problem. dant, by which the alcoholic hydroxyl group of the drug 
Recently it became evident that the composition of is replaced by a sulfonic acid group (1) as shown in 
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HO ' \ CH--CH,-NHCH(CH,,), + NaHSO, + 0, 
HO ' i)H 


I 


I1 


Scheme I 


Scheme 1. Higuchi et al. (2, 3 )  have reported a similar 
type of reaction between bisulfite and epinephrine and 
other suitably substituted benzyl alcohol derivatives. 
The UV spectrum of the physiologically inactive prod- 
uct has the same absorption maximum as that of iso- 
proterenol. Thus the current USP XVII (4) assay pro- 
cedure based on spectrophotometric measurement of 
the active drug at 279 mp will not yield true values for 
the unchanged drug in decomposed formulations. 
Similarly the colorimetric procedure, as described in the 
BP 1968 ( 5 )  for tablets is not specific for isoproterenol, 
as any impurity such as isoproterenol sulfonic acid 
possessing at least two phenolic groups attached to  
adjacent carbon atoms will undergo this color reaction 


Recently, a notable improvement in the determina- 
tion of unchanged isoproterenol in pharmaceutical 
dosage forms was achieved by Welsh and Sammul (l), 
who used the principle of ion-pair formation of the 
drug with di-(2-ethylhexyl)phosphoric acid (DEHP) 
a t  a suitable pH. This idea of DEHP-organic base 
ion-pair formation was originally contributed by Temple 
(7) and Temple and Gillespie (S), who reported that 
several phenolic phenethylamines, including isopro- 
terenol, show partition coefficients favoring their ex- 
traction into a chloroform phase containing DEHP 
from an aqueous phase adjusted to a suitable pH. 
Levine and Doyle (9) extracted phenylephrine quanti- 
tatively as its DEHP ion-pair, using partition chroma- 
tography and an ether solution of DEHP as a mobile 
phase. In the method proposed by Welsh and Sammul 
(l), a portion of the sample buffered to pH 5.8 is used as 
a stationary phase supported on a diatomaceous earth' 
column. The passage of an ether solution of DEHP 
through the column extracts the DEHP-isoproterenol 
ion-pair while the sulfonic acid is retained in the station- 
ary phase. This method, when applied to simulated prep- 
arations, gave higher values for isoproterenol. The 
results could not be reproduced unless a step to wash 
the DEHP-ether effluent (from the diatomaceous earth 
column) with buffer was introduced prior to the extrac- 
tion with 0.1 N sulfuric acid. Although the method as 
modified was found specific in the presence of Com- 
pound I1 (Scheme I), the recoveries for unchanged drug 
in the aged simulated inhalations were found higher 
due to some additionally encountered decomposition 
products. 


By modification of Hellberg's fluorimetric assay for 


(6). 


~ ~ ~~~ 


1 Celite, Johns-Manville Products Corp., New York, N. Y. 


242 0 Journal of Pharmaceutical Sciences 


epinephrine (lo), Pratt et al. (referred to in Reference I) 
were able to analyze aged isoproterenol solutions in the 
presence of Compound 11. No published data are yet 
available about the variability or about the inherent in- 
stability of this lutin method when appIied to aged 
pharmaceutical dosage forms of isoproterenol. 


The purpose of this communication is to present two 
simple, rapid, accurate, and selective assay procedures 
for the quantitative determination of unchanged iso- 
proterenol in aged formulations. The chromatographic 
method of Welsh and Sammul (1) based on ion-pair 
formation with DEHP has been modified to a simple 
shakeout procedure. An aliquot of the formulation 
(without dilution) is transferred to a separator contain- 
ing potassium phosphate buffer and extracted with 
DEHP-ether solution. The DEHP-ether solution after 
washing with buffer and water, respectively, is ex- 
tracted with dilute sulfuric acid to partition the un- 
changed isoproterenol as its sulfate into the aqueous 
phase. The UV absorbance of the sulfate is then deter- 
mined. The aqueous-buffer phase left after DEHP-ether 
extraction is diluted to a definite volume. The UV 
absorbance is measured in order to calculate the amount 
of total water-soluble decomposition products. Sub- 
sequently, an aliquot of this is treated with aminoacetate 
buffer and ferrous sulfate-citrate reagent (Doty reac- 
tion) (6) to determine quantitatively the amount of 
isoproterenol sulfonic acid (Compound 11) present in 
the formulation. The second method developed in 
these laboratories consists of treating a suitably diluted 
aliquot of the preparation with 2 aqueous solution 
of sodium metaperiodate, extracting the resulting aryl 
aldehyde of the unchanged drug with chloroform, and 
then measuring its UV absorption a t  270 mp. This 
reaction is specific to those compounds having two 
vicinal hydroxyl groups; thus Compound I1 or amino- 
chrome-type oxidation products analogous to adren- 
aline (11) do not yield this aldehyde. This reagent was 
first used by Heimlich et al. for the determination of 
phenylpropanolamine in the urine (12) and later on by 
Chafetz (13) for the determination of some phenethanol- 
amine drugs having one or no phenolic group. However, 
as far as the author is aware, there is no reference in 
the literature which describes an assay procedure for the 
determination of catecholamines using this reagent. 


EXPERIMENTAL 


Preparation of Isoproterenol Sulfonic Acid-This was prepared 
by the modification of the Schroeter and Higuchi method described 
for the preparation of 1-(3,4-dihydroxylphenyl)-2-rnethylamino- 
ethane sulfonic acid from epinephrine (14). Isoproterenol sulfate, 
0.018 mole (5.0 g.), and sodium bisulfite, 0.018 mole (1.869 g.), were 
dissolved in about 25 ml. of water (pH of the reaction solution was 
5.0). The solution was heated on a steam bath while keeping it 
flushed with nitrogen. After 1.50 hr., the flask was removed from 
the steam bath (pH of the yellowish solution was 6.4) and stored 
in the dark after flushing with nitrogen. At the end of 3 days, 
the excess water (about 15 ml.) was removed with a rotary evaporator 
and the residual solution was stored in the dark at room tempera- 
ture for a further period of 6 days. The white crystalline precipitate 
that separated during storage was collected on a Biichner funnel, was 
washed with water to remove unchanged isoproterenol sulfate, 
and was dried under vacuum at 60" for 2 hr. Yield: 4.90 g. (70%). 
The product was recrystallized once from 1 N HCI and twice from 
water to give prisms, m.p. 191-194" with decomposition (Fisher- 
John hot stage). 







Anal.-Calcd. for CLIH17N05S.H20: C, 45.1; H, 6.18; N, 4.78; 
0, 32.76; S, 10.92. Found: C, 45.24; H,  6.12; N, 4.75; 0, 32.75; S, 
11.13. (Analysis was performed after drying the sample for 7 hr. 
under vacuum at looo.) 


ANALYTICAL METHODS 


Reagents-DEHP-Ether Solution-Five milliliters DEHP in 140 
ml. ether, washed with four 10-ml. portions of water (water washings 
discarded). 


Potassium Phosphate Buffer-Two volumes of 1 M KzHPOl (di- 
basic potassium phosphate) were mixed with eight volumes of 1 M 
KHzPO4 (monobasic potassium phosphate), and the pH was ad- 
justed to 5.8 =!= 0.05 with a pH meter. 


Iroii Reagents-(a) Ferrous sulfate heptahydrate (1.5 g.) in 200 
ml. of distilled water to which 1 mi. of 1 N HCl had been added. 
(b) Ferrous sulfate-citrate solution prepared by adding 0.5 g. of 
sodium citrate to 10 ml. of ferrous solution (a) (freshly prepared 
before use). 


Aminoacetate Buffer-Solution of sodium bicarbonate (42 g.) 
and potassium bicarbonate (50 g.) in 180 ml. of water was mixed 
with solution of aminoacetic acid (37.5 8.) and strong ammonia 
(17 ml.) in 180 ml. of water, and volume was adjusted to 500 ml. 
with water (6). 


Sodium Metaperiodate Solution-Sodium metaperiodate (2 %) 
(reagent grade) in water (freshly prepared). 


Sodium Bisulfite Soluiion-Sodium bisulfite (0.024 %) (reagent 
grade) in water. 


Standard Isoproterenol HCI Solution (A)-Isoproterenol HCI 
USP reference standard (125 mg.) in water (25 ml.) (freshly pre- 
pared). For inhalations a 2-ml. aliquot was carried through the 
DEHP assay procedure along with the sample solution. For tablets 
a 2-ml. aliquot diluted with 3 ml. of water was carried through the 
DEHP assay procedure along with the sample solution. 


Dilute Solurion (B)-A 4-ml. aliquot of Solution A diluted 
to 100 ml. with water. For injections a 10-ml. aliquot of this solu- 
tion was carried through the DEHP assay procedure along with 
the sample solution. For the NaIO4 method a 4-6-ml. aliquot of this 
solution was carried through the assay procedure along with the 
sample solution. 


Standard Isoproterenol Sulfonic Acid Solution-Isoproterenol 
sulfonic acid (30 mg.) in 30 ml. of water was shaken mechanically 
for 20 min. Then 120 mg. NaHSO3 was added to the clear solu- 
tion, which was made to 50 ml. with water and mixed. 


Sample Preparation-Inhalations (0.5 % Isoproterenol HCO-A 
2-ml. aliquot of the undiluted sample (equivalent to about 10 mg. of 
isoproterenol HC1) was used for the DEHP method (Procedure A). 
A 4-ml. aliquot was diluted to 100 ml. with water and a 4-6-ml. 
aliquot of this diluted solution (equivalent to 0.8-1.2 mg. of iso- 
proterenol HCI) was used for the NaI04 method (Procedure B). 


Injections (0.02 % Isoproterenol H C I F A  10-ml. aliquot of the 
undiluted sample (equivalent to 2.0 mg. of isoproterenol HCl) was 
used for the DEHP method and a 4-ml. aliquot (equivalent to 0.8 
mg. of isoproterenol HCI) was used for the NaIOI method. 


Tablets (10 mg. Isoproterenol HCl per Dosage Unit)-Twenty 
tablets were weighed and finely powdered. An accurately weighed 
aliquot containing about 50 mg. of isoproterenol HCl was quan- 
titatively transferred to a 25-ml. volumetric flask with the aid of 
water (20 ml.). The mixture was shaken on a mechanical shaker 
for 20 min., made to volume with water, mixed, and filtered. A 
5-ml. aliquot of the filtrate (equivalent to 10 mg. of isoproterenol 
HCl) was used for the DEHP method. A 10-ml. aliquot of the 
filtrate was diluted to 100 ml. with water and a 4-ml. aliquot of the 
diluted solution (equivalent to 0.8 mg. of isoproterenol HCl) was 
used for the NaIO4 method. 


Determination of Unchanged Isoproterenol-DEHP Method (A)- 
A 2-ml. (inhalations) or 10-ml. (injections) aliquot of the undiluted 
sample or 5-ml. aliquot ofthe aqueous filtrate in the case of tablets 
(prepared as already described) was transferred to a 250-ml. separa- 
tor containing 3 ml. of potassium phosphate buffer (pH 5.8) and ex- 
tracted with 50 mi. of DEHP-ether solution. The aqueous buffer 
phase was transferred to a 60-ml. separator and, after ex- 
tracting successively with four 20-ml. portions of DEHP-ether 
solution, was drained into a 25-mI. volumetric Bask. The DEHP- 
ether solutions were combined and washed first with two 1-ml. 
portions of potassium phosphate buffer and then with 2 ml. of 
water. These washings were combined with the aqueous buffer phase 


in the volumetric flask, made to volume with distilled water, and 
mixed (reserved for the determination of total water-soluble deg- 
radation products). 


The combined residual DEHP-ether solutions were then ex- 
tracted with five 25-ml. portions of 0.1 N HzSO~. Acid extracts 
were combined in a 200-ml. volumetric flask, made to volume with 
0.1 N H2S04, and mixed. The absorbance of the acid solution of the 
sample and that of the standard isoproterenol HCI carried si- 
multaneously through the assay procedure were measured at 279 
mp against 0.1 N H2S04 blank obtained by carrying a reagent blank 
through the assay procedure. 


mg. isoproterenol HC1/100 ml. formulation = 


Calculation,-For Inhalations and Injections (a)- 


100 Au 
- x cs x 200 x 
A s  


where Au = absorbance of acid solution of the sample after dilu- 
tion to final volume, A s  = absorbance of acid solution of the 
standard after dilution to final volume, Cs = final concentration of 
isoproterenol HCI standard (mg./ml.) in acid solution after dilu- 
tion to volume, and Vu = milliliters of the formulation taken. 


For Tablets (6)- 


Au Ws X Wo 
A s  Wu mg. isoproterenol HCl/tablet = - X 


where Au = absorbance of acid solution of the sample after dilu- 
tion to final volume, As = absorbance of acid solution of the 
standard after dilution to final volume, Ws = weight of standard 
isoproterenol HCI (mg.), Wu = weight of sample(mg.), and Wo = 
tablet average weight (mg.). 


Sodium Metaperiodate Method ( B F A  4-ml. aliquot of the di- 
luted sample solution (for inhalations or tablets) or 4-ml. aliquot of 
the undiluted sample (for injections) was transferred to a 60-mi. 
separator, treated with 6 ml. of 2 z sodium metaperiodate, mixed, 
stoppered, and allowed to stand overnight at room temperature. 
After 18 hr., the reaction solution was extracted successively with 
two 3-ml. and one 3.8-ml. portions of chloroform. The chloroform 
solutions were combined in a 10-ml. volumetric flask, made to 
volume with chloroform, and mixed. A 4-ml. aliquot of the dilute 
solution (Solution B) of isoproterenol HCI standard, after treating 
with appropriate volume of NaHS03 solution (containing NaHSO, 
equivalent to  the amount present in the sample solution, i.e., 2 
ml. for inhalations containing 0.3% NaHSO,; 1.3 ml. for inhala- 
tions containing 0 . 2 z  NaHS03; 1.0 ml. for injection containing 
0.1 % NaHSOd; 0.67 ml. for tablets containing 2 mg. of NaHSO? 
per dosage unit), and 6 ml. of sodium metaperiodate solution were 
simultaneously carried through the assay procedure. The absorbance 
of the chloroform solution of the sample and that of the standard 
were measured concomitantly at 270 mp after allowing the solutions 
to stand in the cells for 1 min. The chloroform solution used in the 
reference cell was obtained by carrying the reagent blank, i.e., 
sodium metaperiodate and sodium bisulfite solutions, through the 
assay procedure. 


Calculation,-For Inhalutions (a)- 


mg. isoproterenol HC1/100 ml. of formulation = 


e x  csx 1 0 x 7  100 x y ,  100 
A s  


where Au = absorbance of chloroform solution of the sample 
after dilution to final volume, As = absorbance of chloroform soh- 
tion of the standard after dilution to final volume, Cs = final con- 
centration of isoproterenol HCl standard (mg./ml.) in CHC13 
after dilution to final volume, and Vu = milliliters of the formula- 
tion taken for dilution. 


For Injections (b+ 


mg. isoproterenol HC1/100 ml. of formulation = 


4 x cs x 10 x 100 
A s  


where Vu = milliliters of the formulation treated with NaIO, and 
the rest same as above. 


For Tablets @>-Same as given in Procedure A for tablets. 
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Determination of Isoproterenol Sulfonic Acid-A 2-ml. aliquot 
of the isoproterenol sulfonic acid standard (for inhalations) or 2-ml. 
aliquot diluted with 8 ml. of water (for injections) or 2-ml. aliquot 
diluted with 3 ml. of water (for tablets) was carried through the 
DEHP assay (Method A) simultaneously with the formula- 
tion. The absorbance of the aqueous buffer phase of the 
standard and that of the sample solution as obtained under Deter- 
niination of Unchanged Isoproterenol (Method A) were measured 
at 279 mp. The aqueous buffer solution used in the reference cell 
was obtained by carrying a reagent blank (potassium phosphate 
buffer and the appropriate volume of the distilled water containing 
sodium bisulfite) through the assay procedure. These absorbance 
values were used to deduce the amount of total water-soluble deg- 
radation products with reference to  isoproterenol sulfonic acid. 


Isoproterenol sulfonic acid was then determined colorimetrically 
by treating a 6-ml. aliquot each of the aqueous buffer solution of the 
sample and that of the standard (aqueous buffer solutions left 
after UV determination) with 3.9 ml. of aminoacetate buffer and 0.1 
ml. of ferrous sulfate-citrate reagent. The purple color formed was 
measured after 2.50 hr. at 530 mp against the reagent blank. Alter- 
natively, a 2-ml. (inhalation) or 10-ml. (injection) aliquot of the 
undiluted sample was carried through the DEHP assay (Method 
A) starting at: “A 2-ml. (inhalations) or 10-ml. (injections) 
aliquot of the undiluted. . .”  and ending at “these washings were 
combined with aqueous buffer phase.” These combined aqueous 
buffer solutions were treated with 10 ml. of aminoacetate buffer and 
0.1 ml. of ferrous sulfate-citrate reagent, made to 25 ml. with water, 
and mixed. The absorbance of the sample solution and that of the 
isoproterenol sulfonic acid standard (a 2-ml. aliquot) carried si- 
multaneously through the assay procedure were measured at 530 mp 
against the reagent blank. The amount of isoproterenol sulfonic 
acid (mg./100 ml. of formulation) was calculated from the respective 
absorbance values. 


Determination of Total Catechols as Isoproterenol-Modified 
Colorimetric Method-A 3-ml. aliquot of the diluted sample solu- 
tion (for inhalations or tablets) or 3-ml. aliquot of the undiluted 
sample solution (for injections) containing the equivalent of 0.6 
mg. of isoproterenol HCI was treated with 1.9 ml. of aminoacetate 
buffer and 0.1 ml. of ferrous sulfate-citrate solution in a 10-ml. 
volumetric flask, made to volume with distilled water, and mixed. 
A 3-ml. aliquot of the dilute solution of isoproterenol HCI standard 
(Solution B), after treating with appropriate volume of NaHS03 
solution (containing NaHS03 equivalent to  the amount present in 
the sample solution, i.e., 1.5 ml. for inhalations containing 0.3% 
NaHS03; 1.0 rnl. for inhalations and injections containing 0.2% 
NaHS03 or 0.1% NaHS03, respectively; 0.51 ml. for tablets con- 
taining 2 mg. of NaHS03 per dosage unit) was concurrently carried 
through the assay procedure. The absorbance of the colored solu- 
tions of the sample and that of the standard were measured after 2.50 
hr. at 530 mp against the reagent blank. 


USP Method-An aliquot of the inhalation (equivalent to 50 
mg. of isoproterenol HCI) or injection (equivalent to 5.0 mg. of 
isoproterenol HCI) or tablet powder (equivalent to 50 mg. of 
isoproterenol HCI) was carried through the assay procedure as 
described in USP XVII, pp. 33e332. The absorbance of the sample 
and that of the standard solution were measured at 279 mp. 


Thin-Layer Chromatography (TLC&Preparation of Layers-The 
chromatoplates were prepared using standard equipment (1 5). 
Cellulose MN300 and silica gel G were used as adsorbents. To 
obtain five plates 20 X 20 cm., 10 g. of cellulose powder containing 
20 mg. of fluorescent indicator was mixed with 70 ml. of water and 
10 ml. of 1 % aqueous solution of sodium carboxymethylcellulose 
(CMC). For silica gel G, five plates were obtained from 25 g. of 
powder in 55 ml. of water. A layer-thickness of 250 p was used 
throughout. Cellulose plates were activated by heating at 110” for 
30 min. and stored in a desiccator until use; silica gel plates were air 
dried and used without activation. 


Solvent Systems-The following solvent systems were used : (a) 
n-butanol-acetic acid-water (4:1:5) (16) were shaken together in a 
separator and set aside for 2 hr.; the upper organic layer was sepa- 
rated and used as the running solvent for cellulose plates. (6) n- 
Butanol-acetic acid-water (60: 10:25) were mixed together to form 
a clear solution and used as the developing solvent for silica gel 
plates. 


Detection Reagents-(a) Short wavelength and long wavelength 
UV light. (6) Potassium ferricyanide and ferric chloride solution : 
5 ml. of 5% aqueous solution of potassium ferricyanide and 10 


ml. of 10% aqueous solution of FeC13 were mixed and made 
to 50 ml. with water. This was used to spray cellulose plates. (c) 
Sodium metaperiodate 2 aqueous solution. (d) Doty’s reagent: 
mix immediately before use equal volumes of ferrous sulfate- 
citrate solution and aminoacetate buffer. (For preparation of solu- 
tions, refer to Analytical Methods of this paper.) (e) Folin- 
Ciocalteu reagent (FCR) (17). This reagent was used for silica gel 
plates; the plates were first sprayed with FCR solution, air dried, 
and then sprayed with 10% aqueous Na2C03 solution. 


Chromatographic Procedure-A solution of isoproterenol HCl 
(230 mg.) and isoproterenol sulfonic acid (20 mg.) in about 30 ml. 
of water was prepared by mechanical shaking for 20 min., adding 
139 mg. of sodium bisulfite to the clear solution, and making it to  
50 ml. in a volumetric flask. Quantities of this standard solution 
(1-5 pl.) containing equivalent of 4.6-23 mcg. of isoproterenol HCI 
and 0.4-2.0 mcg. of isoproterenol sulfonic acid were spotted ad- 
jacent to the aqueous solutions of the simulated formulations and/or 
commercial formulations (5 pl.) containing equivalent to 25 mcg. of 
isoproterenol HCl. The plate was inserted in a solvent jar previously 
equilibrated with solvent [solvent system (a) for cellulose plates 
and solvent system (6) for silica gel plates] which was allowed 
to rise to a height of 10 cm. for cellulose plates and 15 cm. for 
silica gel plates (time about 120 min. for cellulose plates and 135 min. 
for silica gel plates). The plate was then air dried and examined 
under short and long wavelength UV light. 


Examination of cellulose plates under short wavelength UV light 
showed a spot at the origin having a blue fluorescence (indicative 
of NaHSOa presence) and long wavelength UV light showed an 
additional spot having a strong blue fluorescence (Rf about 0.26) 
both for simulated and commercial formulations but not seen for 
the standard solution. Spraying the plate with DR (b) (po- 
tassium ferricyanide and FeCh solution) caused the immediate 
formation of blue spots for isoproterenol HCI (Rf about 0.53) and 
isoproterenol sulfonic acid (Rf about 0.33). The spot seen under 
long wavelength UV light also stained blue after about half a min- 
ute, and thus the whole area from about 0.33 to 0.53 R f  values was 
seen as a single blue spot (limiting sensitivity of this spray for iso- 
proterenol sulfonic acid 0.4 mcg.). Citric acid and sodium citrate 
present in a few commercial formulations also gave a blue spot of 
minor intensity after 2-5 min.; glycerin, another excipient, gave a 
minor blue spot after 5-10 min. Thus these spots due to their late 
formation did not interfere with the detection of the decomposition 
products. Spraying the second half of the plate with DR (c) or (d) 
caused the formation of reddish-colored spots for isoproterenol 
HCl and isoproterenol sulfonic acid with sodium metaperiodate 
spray and mauve-colored spots with Doty’s reagent. The reddish- 
colored spot formed with NaI04 for isoproterenol sulfonic acid 
disappeared within 1 min. of its formation but that of Doty’s 
reagent (mauve-colored spot) did not disappear. (Limiting sensi- 
tivity of both of these sprays was 2.0 mcg. for isoproterenol sulfonic 
acid.) 


Examination of silica gel G plates under short wavelength UV light 
did not show any spot; long wavelength UV light showed two spots 
having blue fluorescence for inhalations containing 0.3 NaHS03 
(Rf values of 0.03 and 0.1); three spots for inhalations containing 
0.2% NaHS03 (Rf values 0.03,0.1, and 0.16) and two spots for in- 
jections (depending upon the quantity spotted) at R, of 0.1 and 
0.16. Simulated formulations stored in the dark over a period of 4 
months showed almost the same pattern, while a freshly prepared 
standard solution did not show any of these spots. Spraying the 
plate with DR(e)-FCR reagent followed by Na2C03 spray caused 
the formation of purple spots for isoproterenol HCl (Rj about 0.4) 
and isoproterenol sulfonic acid (Rf about 0.26) (limiting sensitivity 
0.6 mcg. for isoproterenol sulfonic acid). Among the spots seen 
under long wavelength UV, spots at R/ 0.1 gave coloration with this 
reagent for all formulations, while the spot at 0.16 Rf gave colora- 
tion for formulations having 0.2% NaHS03. An additional 
bluish-purple spot at Rf 0.43 was also seen in some formula- 
tions. A freshly prepared standard solution mixture showed only 
two purple spots at Rf 0.4 and 0.26 for isoproterenol HCl and iso- 
proterenol sulfonic acid, respectively. 


RESULTS AND DISCUSSION 


The TLC of simulated inhalations and injections stored in the 
dark over a period of 4 months showed that in addition to 
Compound I1 (Scheme I),  the drug can give rise to two to 
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Table I-Analysis of Isoproterenol Formulations 


7-- NaI04 Method DEHP Method 


Claim, Av., Anal. No. of Claim, Av., Anal. No. of 
Label Label 


Formulation 7z Range SD Detn. z Range SD Detn. 


Decomposed* 
TabletsC 
Inhalationd 
InhalationC 
Injection' 


Inhalation A0 
Inhalation Bh 
Injectioni 
Tablets' 


92.6 
101.8 
98.4 
98.9 
86.0 


106.8 
106.1 
100.0 
100.8 


_- 
Label 
Claim, 
Av., 7z 


Simulated Formulations 
91.9-93.2 0.55 4 


100.9-102.2 0.54 4 
97.1-99.3 1 .o 4 
98.499.2 0.50 4 
85.4-86.9 0.66 4 


106.3-107.4 0.65 4 
104.9-107.7 1.23 4 


1 
2 


Commercial Formulations 


- - 
- - 


Colorimetric Procedure" 7 


Anal. No. of 
Range SD Detn. 


92.5 91.9-93.7 
100.6 100.3-100.8 


110.8 110.5-111.2 
106.2 105.9-106.5 
100. 1 - 
98.9 - 


USP XVII 
-Method-- 
Label 
Claim, No. of 
Av., Z Detn. 


2 
2 
1 
2 


- 


- 
- 
- 


Decomposed* 
Tabletsc 
Inhalationd 
Inhalatione 
Injectionf 


Inhalation A# 
Inhalation Bh 
Injectioni 
Tablets f 


Simulated Formulations 
99.7 98.9-99.9 0.45 4 99.9 2 
99.2 98.7-99.8 - 2 101.1 2 


- 102.6 2 
- 100.8 2 
- 101.8 2 


117.5 - - 2 116.7 2 
109.2 - - 2 110.8 2 
115.0 - - 1 116.0 1 
101.2 - - 2 101.9 2 


- - - 
- - - 
- - - 


Commercial Formulations 


a Modified USP XVII method for the determination of epinephrine in procaine hydrochloride injection (determines total catechols as isoproterenol). 
b Isoproterenol HCl 115 mg., isoproterenol sulfonic acid 10 mg. (8.0%), and sodium bisulfite 65 mg. (0.3 % w/v) in 25 ml. water. c Isoproterenol 
HCl 10 mg., sodium bisulfite 2 mg. plus excipients such as starch, lactose, saccharin, and talcum per tablet of average weight of 100 mg. d Isoprotere- 
no1 HCl 125 mg., sodium bisulfite 75 mg. (0.3 % w/v) plus excipients such as sodium chloride, citric acid, glycerin, and chlorobutanol dissolved in 
water to 25 ml. The pH was adjusted to 3.75 with 1 N sodium hydroxide. Molar ratio of sodium bisulfite to isoproterenol HC1 is 1.42: 1 .  e Isopro- 
terenol HCl 125 mg., sodium bisulfite 50 mg. (0.2% w/v) plus excipients such as chlorobutanol and sodium chloride dissolved in water to 25 ml. The 
pH of the formulation was 2.8 (without adjustment). Molar ratio of sodium bisulfite to isoproterenol is 0.95 : 1. f Isoproterenol HCI 20 mg., sodium 
bisulfite 100 mg. (0.1 7 w/v) plus excipients such as.lactic acid, sodium lactate, and sodium chloride dissolved in water to. 100 ml.,The p,H of the 
formulation was 2.8 (w"lhout adjustment). Molar ratio of sodium bisulfite to isoproterenol is 11.9: 1 .  Labeled to contain active ingredients and 
sodium bisulfite in the same amounts as in simulated formulations d . e . f ,  and c, respectively. Formulations g s h .  and i were found to have the pH values 
of 3.75, 3.35, and 3.75, respectively. 


three decomposition products. The exact chemical nature of these 
additionally encountered artifacts could not be established but one 
of them can be envisaged as an aminochrome-sodium bisulfite addi- 
tion compound by analogy with the similar compound described 
by Oesterling and Tse (18) in their procedure for the determination 
of total content of catecholamines in the urine. The total percent 
ratio of these to Compound I1 was found to be about 1 :4 depending 
upon the molar ratio of sodium bisulfite to isoproterenol used in a 
formulation. In addition, other factors including conditions of 
storage and its length and the pH of the formulation may affect 
the relative formation of these components. 


A method of analysis, to be completely reliable, therefore, 
should be capable of differentiating between the parent drug and 
the closely related sodium bisulfite addition product. Both iso- 
proterenol and sulfonic acid I1 exhibit maximum absorption at 279 
mp and have similar molar absorptivity values. Although the 
method of Welsh and Sammul(1) based on the DEHP ion-pair and 
utilizing a diatomaceous earth column represents a major step in 
solving the problem, the technique suffers from certain disadvan- 
tages. When applied to a synthetic preparation containing known 
amounts of Compound I1 and sodium bisulfite, this method gave 
higher and inconsistent values for the parent drug. This discrepancy 
was reconciled by introducing a step to wash the ether effluent from 
the column with potassium phosphate buffer prior to the acid 
extraction. The aged simulated formulations containing artifacts 
in addition to Compound I1 (as shown by TLC) showed higher 


recoveries for the unchanged drug due to carrying over some of the 
degradation products other than sulfonic acid to the DEHP- 
ether phase. The above shortcomings and the cumbersome steps 
of column packing and its elution were overcome by modifying the 
column method to a simple shakeout procedure and by washing 
the combined DEHP-ether solutions first with potassium phosphate 
buffer and then with water prior to the extraction of the unchanged 
drug with 0.1 N H2SOa. These modifications not only resulted in 
the increased specificity of the method (by removing some of the 
water-soluble degradation products) but also permitted the quanti- 
tative determination of isoproterenol sulfonic acid which is retained 
in the aqueous buffer phase. Thus the Compound I1 (sulfonic acid) 
is then determined selectively by treating the aqueous phase with 
Doty's reagents. 


Application of the modified procedure to the simulated isoprote- 
renol tablets and to the simulated decomposed sample containing 8% 
Compound I1 and 0.3 Z NaHS03 gave the results shown in Table I. 
Analytical range and standard deviation values demonstrate the 
accuracy and precision of the method. A batch of commercial iso- 
proterenol tablets was analyzed by this method and the results 
(Table I) appear satisfactory in comparison with those obtained 
from the USP analyses and with data obtained with simulated 
tablets. 


Data in Table I1 show the recoveries of isoproterenol sulfonic 
acid I1 from a simulated decomposed sample by the procedure de- 
scribed under Determiimtion of Isoproterenol Sulfonic Acid. 
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Table II-Amount of Degradation Products and Isoproterenol 
Sulfonic Acid in Simulated and Commercial Formulations 


Isopro- 
Total terenol 
Water HCI 


Assay Soluble Isopro- Under- 
Values for Degrada- terenol gone 


Isopro- tion Sulfonic Degrada- 
terenol,” Products,” Acid,c tion, 


Formulation Zd Zd Zd %d 


Simulated Formulations 
Inhalatione 89.6 12.4 11.6 11.1 
Inhalation’ 88.6 12.0 9 .0  10.7 
Injection’ 84.3 19.1 15.0 17.2 


Commercial Formulations 
Inhalationi 106.8 7.5 4.7 6 .8  
Inhalationi 106.1 5 .5  3.4 4 .9  
Injectionk 100.0 15.6 15.5 14.0 


- Decomposedh 92.6 8.1 8.2 


Values quoted have been obtained by NaIOd method. b Values 
quoted for total water soluble degradation products have been ob- 
tained by measuring UV absorbance of the aqueous-buffer phase, and 
calculated as isoproterenol sulfonic acid. c Values quoted for isopro- 
terenol sulfonic acid were obtained by the spectrophotometric quantita- 
tive measurement of the purple color formed by treating the aqueous 
phase with ferro-citrate solution and buffer. The reaction is specific for 
catechol nucleus only. d Calculated relative to the label claim. e , f , o  For- 
mulations same as d . e , f  in Table I ;  assay values for 6 and f were obtained 
after 83 days of storage at room temperature, and for 0 after 88 days of 
storage. h Formulation same as * in Table I containing 8 % isoproterenol 
sulfonic acid. i 3 i j k  Commercial formulations same as u h . i  in Table I .  


Simulated formulations which had been stored in the dark over a 
period of 3 months were also analyzed by this procedure. Table 11 
also depicts the amounts of Compound I1 in the aged simulated 
formulations and in commercial formulations. One of the com- 
mercial formulations having a molar ratio of 11.9:l of sodium 
bisulfite to isoproterenol was found to contain a considerable 
percentage of Compound I1 when it was analyzed 8-9 months 
after its procurement from the factory premises. The logic of using 
such a higher molar ratio of sodium bisulfite is not clearly under- 
stood, especially when the injection is to be administered by the 
intravenous route. 


An alternate checking procedure to validate the results obtained 
by the DEHP method was sought. Consequently, sodium metaperio- 
date which is known to cleave carbon-carbon bonds of vicglycols, 
a-aminoalcohols where the amine is primary or secondary, and a- 
hydroxyketones (19), was used for the selective determination of the 
unchanged drug. This treatment results in the formation of an 
aryl aldehyde of the parent drug, and the Compound I1 or amino- 
chrome-type oxidation products do not yield this aldehyde. The 
aryl aldehyde is extracted into chloroform and UV-determined at 
270 mp. The typical UV spectrum of the reaction product is given 
in Fig. 1 .  


0.6 r 


0 
340 320 300 280 260 240 


WAVELENGTH, mp 


Figure I-Absorption spectrum of the reaction product in chloro- 
form (concentration equivalent to 140 mg. of isoproterenol HCI per 
milliliter offnal chloroform solution). 


0.5 t a 


0.1 
4 8 12 16 20 24 28 32 


TIME, hr. 


Figure 2-Eject of time on the completion of reaction (concentration 
equivalent to 120 mg. of isoproterenol HCI per milliliter of final 
chloroform solution). 
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MlLLlLlTER Na104, 2% w/v 


Figure 3-Efect of varying concentration of sodium metoperiodate 
on the formation of reaction product. 


Experiments undertaken to obtain the quantitative yield of the 
reaction product indicated that (a) the sample and reagent be al- 
lowed to react for about 17-18 hr. (overnight) at room temperature, 
although periods up to 30 hr. did not adversely affect the reaction 
(Fig. 2); (b) a molar ratio, 116: 1 ,  of sodium metaperiodate to iso- 
proterenol was satisfactory for analysis but a molar ratio of 82 : 1 was 
insufficient. On the other hand, a molar ratio as high as 165:l 
did not show any untoward effect on the yield of the reaction prod- 
uct (Fig. 3 ) ;  (c )  the standard solution of isoproterenol HCI should 
contain approximately the sameamount of sodium bisulfite as is pres- 
ent in the formulation. A 4-6-ml. aliquot of the diluted formulation 
used for NaI04 assay will contain about 0.48-0.72 mg. of NaHSOs 
and as shown in Fig. 4, the NaHSO, concentration from 0.48-0.96 
mg. in the isoproterenol HCI standard did not affect the yield of 
the reaction product. Under these conditions, Beer’s law was obeyed 
for a concentration of at least 140 mcg. of isoproterenol HCI per 
milliliter of final solution (Fig. 5) .  The effect of varying concentra- 
tions of Compound I1 on the recoveries of isoproterenol is shown 
in Fig. 6 ;  the recoveries were not affected up to 28 concentration 
of the decomposition product. 


When applied to  the simulated isoproterenol tablets and to a sim- 
ulated decomposed sample containing 8% Compound 11 and 0.3 


I 


0.2 0.4 0.6 0.8 1 .o 
MILLIGRAM NaHSOs, % w f v  


Figure &-Effect of varying concentration of sodium bisujilte on the 
formation of reaction product. 
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L . Table Ill-Analysis of Isoproterenol in Aged Simulated Formula- 
tions" 


Assay Values for Isoproterenol* 


Period, Method, Method, Method, 
Storage NaI04 DEHP USP 


Formulations days % % z % I -  
$ 0.2 t 


t *.' 
I/'I I I I I I I I 


20 40 60 80 100 120 140 160 
CONCN. OF FINAL SOLUTION, mcg./ml. 


Figure 5-Relationship between concentration and absorbance 
(absorbance of the reaction product in chloroform at 270 mb). 


NaHS03, the NaIO4 method gave results (Table I) virtually identical 
with those obtained by the DEHP method. Results obtained by 
applying the NaIO4 method to four commercial products containing 
isoproterenol are shown in Table I. The comparison of the experi- 
mental data with those obtained by the DEHP method shows a 
good correlation between the two, with comparable precision for 
three formulations. Only one formulation showed higher values by 
the DEHP method which were explicable by additionally encoun- 
tered artifacts other than Compound 11. The data show that al- 
though inhalations and injections sold on the market conform to the 
USP limits, the formulations may contain considerably large 
amounts of decomposition products. The accuracy and the precision 
of this method are demonstrated by the analytical range and stand- 
ard deviation values obtained (Table I) by its application to the 
freshly prepared inhalations and injections. A simulated injection 
containing a molar ratio of 11.9:l of NaHS03 to isoproterenol 
(identical to the commercial formulation) showed only 86% of the 
added isoproterenol content. Virtually no further deterioration of 
the isoproterenol content was noticed, even when the formulation 
was analyzed after 88 days of storage in the dark at room tem- 
perature (Tables I1 and 111). Lower values were ascribable to the 
formation of 15 % isoproterenol sulfonic acid. 


The isoproterenol content found by the ferro-citrate colorimetrk 
method (6, 20) and by the USP XVII UV spectrophotometric 
method (4) is a measure of the isoproterenol present at the time 
the solutions were manufactured. Values obtained by the two 
methods are satisfactory and in close agreement (Table 1). The 
colorimetric method reported in the paper is a modification of the 
USP XVII procedure described for the determination of epineph- 
rine in procaine hydrochloride injection (20). It was found that 
the amounts of NaHS03 as specified in the USP were too high and a 
substantial decrease in the color intensity was noticed. The amount 
of NaHSO, present in the commercial formulations was found 
adequate for reproducible color development. The order of adding 
reagents was another variable considered to be important, and thus 
the maximum reproducibility was obtained by adding ferrous 
sulfate reagent to the reaction solution to which the appropriate 
volume of the aminoacetate buffer had already been added. Time 
for color development was changed from 30 min. to 2.50 hr. 


Table I11 shows the stability data of the simulated inhalations 
and injections stored in the dark at room temperature over a period 
of 88 days. The data indicate that the inhalation having a molar 
ratio of 1.42:l of NaHS0, to isoproterenol did not show further 
deterioration of the isoproterenol content after 39 days. The data 
also revealed that no consistent pattern of degradation was followed 


110 c 


I I I I I I 
10 20 30 40 50 60 


ISOPROTERENOL SULFONIC ACID ADDED, % w/v 


Figure 6-Effect of varying concentration of isoproterenol sulfonic 
acid on the recouery of isoprotermol HCI. 


Inhalation" 0 98.4 - 102.0 
39 89.5 
83 89.6 95. 4d 102.6 


Inhalatione 0 98.9 - 100.3 
39 96.7 - ~ 


83 88.6 95. 9d 100.8 
Injection' 0 86.0 


39 86.0 
88 84.3 82.7!' 101.8 


- - 


- - 
- - 


a Stored in dark at room temperature. * Calculated relative to the 
label claim. c.e,f Formulations same as d . e J  in Table I .  d Higher values 
for unchanged drug were obtained due to carrying over of certain de- 
composition products into DEHP-ether phase. D Values for unchanged 
drug in this formulation agreed very well to that of NaIOa method due 
to formation of isoproterenol sulfonic acid as the main degradation 
product. Formation of isoproterenol sulfonic acid as the main degra- 
dation product was favored due to high molar ratio of sodium bisulfite to 
isoproterenol, i.e., 11.9 : 1 and DEHP method has been found to be spe- 
cific if the main degradation product formea is only sulfonic acid. 


in all three formulations. These findings agree well with those 
made by Chafetz et al. (21). 


The investigation showed that although solvent system (a) 
on cellulose was satisfactory for resolving isoproterenol and its 
sulfonic acid 11, the solvent system (b )  on silica gel G was an 
ideal one for the complete separation and detection of isoproterenol 
and its artifacts. Despite the specificity of NaI04 spray (formation of 
reddish color for isoproterenol and transient coloration for sulfonic 
acid) and Doty's reagent spray (mauve coloration for isoproterenol 
and its sulfonic acid), these are not suitable to detect the presence of 
isoproterenol sulfonic acid due to their low sensitivity (2 mcg. or 
more is required for color formation). Potassium ferricyanide- 
FeC1, spray (though less specific but having a sensitivity of less 
than 0.4 mcg.) and FCR spray (more specific having a sensitivity 
of 0.6 mcg.) were found very satisfactory to detect the presence of 
Compound 11 even in minor concentrations. Under the conditions 
used, the problem of an apparent second front as described by 
Choulis (16) and Chafetz et a / .  (21) was not encountered for the 
standard solution containing isoproterenol and its sulfonic acid 
and NaHSO,. 


It is recommended that the DEHP shakeout method as de- 
scribed in the paper may be adopted as the official procedure in the 
USP XVIII for the analysis of isoproterenol formulations. This 
procedure has overcome the shortcomings of the method reported 
by Welsh and Sammul (I) .  Procedure with these modifications 
achieves all the essential criteria required for its inclusion in various 
official compendia by its simplicity, precision, accuracy, and speci- 
ficity. It is further suggested that the limits (maximum and minimum) 
for isoproterenol sulfonic acid may be delineated for all the for- 
mulations containing sodium bisulfite as an antioxidant. TLC using 
silica gel G and n-butanol-acetic acid-water (60:10:25) as an 
ideal solvent may be included in the monograph to detect the pres- 
ence of isoproterenol sulfonic acid and other artifacts. 


The sodium metaperiodate method is also very specific and simple 
and can be automated very easily using the currently available Liquid 
Prep. Technicon Auto-Analyzer equipment. The method can be of 
potential value to the pharmaceutical industry to be utilized as a 
routine-monitoring and stability-indicating procedure for the 
unchanged drug in drug quality control. 
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Construction and Operation of an Automated Dispensing 
Analyzer for the Assay of Individual Tablets 


WILLIAM F. BEYER* and EDWIN W. SMITH’! 


Abstract IJ An automated system of modular design has been de- 
veloped for the assay of single tablets. Commercially available 
proportioning pumps, continuous filter, tablet homogenizer, spec- 
trophotometer, and recorder are mated to specially designed com- 
ponents for unattended operation. The system is constructed to  
analyze automatically up to 300 identifiable tablets with standards 
inserted prior to tablets, after any selected number of tablets, and 
at  the end of the particular type of tablet being assayed. Up to six 
different concentrations or types of tablets can be automatically 
processed sequentially, each with its own standard insertion. Pro- 
visions are made to alter automatically the dilution of samples as 
tablet strengths vary. Under normal program conditions the system 
can operate unattended for approximately 18 hr. 


Keyphrases 0 Tablets, individual-automated analysis Auto- 
mated dispensing analyzer, tablet-onstruction, operation 0 
Diagram-automated analyzer, individual tablets 0 UV spectro- 
photometry-analysis 


The assay of single tablets and single units in other 
dosage forms is recognized as an important feature in 
the quality control of manufacturing processes. Com- 
pendia requirements for content uniformity of selected 
tablets containing 50 mg. or less of drug substance has 


placed additional burdens on the quality control chem- 
ist. To  make data available in the quantity needed for 
statistically valid results, analytical procedures have been 
automated to varying degrees, The majority of auto- 
mated assay systems that include sample preparation 
have incorporated a commercially available solid 
sampler,I as evidenced by symposia of the New York 
Academy of Sciences and Technicon Corp. (1-5). 
Papers presented at the 1967 New York Academy of 
Sciences included a presentation by Rehm et al. (2) 
describing an automated system for the UV analysis of 
single tablets. 


An automated systemconstructed in these laboratories 
for UV analyses of individual tablets has been in routine 
operation for more than a year. The system is of modular 
design and consists of commercially available compo- 
nents wherever possible. Provisions have been made for 
the introduction of liquid standards, dilution, and 


1 SOLIDprep, Technicon, Inc., Tarrytown, N. Y. 
2 Available commercially as the Assayomat, American Instrument 


Company, Inc., Silver Spring, Md. 
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Effect of Probenecid on Renal Clearance 
of Riboflavin in Man 


WILLIAM J. JUSKO, GERHARD LEVY*, SUMNER J. YAFFE, and RAFAEL GORODISCHER 


Abstract 0 The renal clearance of riboflavin was determined in 
three human subjects at various serum concentrations of the vita- 
min with and without prior administration of probenecid. Renal 
clearances of riboflavin exceeded (up to three times) the endogenous 
creatinine clearances, which indicates that riboflavin excretion in- 
volves renal tubular secretion. The clearance of riboflavin was less 
at low than at high serum concentrations of the vitamin, charac- 
teristic of a saturable tubular reabsorption process. Probenecid 
decreased the renal clearance of riboflavin, and this effect was 
directly related to the serum concentration of the inhibitor. The 
serum protein binding of the vitamin was essentially constant 
(60 %) over the concentration range encountered and was unaffected 
by the presence of probenecid. 


Keyphrases 0 Riboflavin, renal clearance, man-probenecid effect 
Probenecid, effects-riboflavin, renal clearance, plasma protein 


binding 0 Spectrophotometry-analysis 


A pharmacokinetic analysis of literature data by 
Levy and Jusko (1) yielded renal clearance values for 
riboflavin in a human subject which were appreciably 
higher than the normal glomerular filtration rate. 
Subsequently, it was found that probenecid, an in- 
hibitor of certain specialized renal transport processes 
( 2 ) ,  decreased the initial rates of urinary excretion of 
oral and parenteral doses of the vitamin in human 
subjects (3). These studies suggested that the renal 
excretion of riboflavin in man involves tubular secretion. 
The existence of such a mechanism for riboflavin has 
already been demonstrated in the chicken by Rennick 
(4) who also noted an inhibitory effect of probenecid 
on this process. 


The purposes of the study to be described were to 
determine directly the renal clearance of riboflavin in 
man and to assess quantitatively the effect of probenecid 
on this process as well as on the plasma protein binding 
of the vitamin. 


EXPERIMENTAL 


The studies were carried out in three healthy human subjects: an 
adult male (Subject J), age 26 years, and two female children (Sub- 


ects A and C), ages 8 and 11 years, respectively. The adult subject 
received a single intravenous dose of riboflavin-5'-phosphate 
(FMN)l equivalent to about 30 mg. of riboflavin (FR) with and 
without 1 g. probenecidz given orally in suspension 1 hr. prior to 
FMN injection. Urine was collected at appropriate intervals for a 
total of 48 hr. Blood samples were drawn from the antecubital 
vein at -0.5, 0.25, 0.75, 1.25, 2.25, 3.25, 4.5, 6.5, 8.5, 13.0, and 
25.0 hr. relative to the time of FMN injection. These times were 
midpoints of urine collection periods. 


The two younger subjects received an initial intramuscular dose 
of FMN3 equivalent to 16 mg. FR followed by three hourly oral 
doses of 6 mg. FR as FMN in solution. Urine was collected at 
hourly intervals and blood was drawn from the antecubital vein 
at the midpoints of the three urine-collection periods. A 0.5-g. 
dose of probenecid in tablet form was administered in crossover 
fashion to the two children 1 hr. prior to the initial dose of FMN. 
There was an interval of 7 days or more between the control and 
probenecid studies. 


Protein-Binding Determinations-The ultrafiltration technique 
described in an earlier publication ( 5 )  was used to determine the 
extent of protein binding of the flavins and probenecid in the serum 
samples. 


FMN Stability Study-A series of samples, each containing 1 ml. 
of FMN in pH 7.4 isotonic Sorensen's buffer and 1 ml. of freshly 
drawn whole blood from Subject J ,  were incubated at 37" in the 
dark. The concentrations of FMN and FR in the samples were 
determined as a function of time. Control solutions, without blood, 
were similarly analyzed. 


Analytical Method-Riboflavin and FMN were determined 
fluorometrically by methods previously described ( 5 ,  6). Endo- 
genous creatinine levels in urine and serum were determined colori- 
metrically by the alkaline picrate method (7). Probenecid in serum 
was assayed by the spectrophotometric method of Dayton et al. 
(8). Initial serum samples were assayed for albumin content as 
described previously ( 5 ) .  


Data for flavins and probenecid were corrected for blank readings 
of urine and serum samples obtained prior to administration of the 
compounds to the test subjects. There was no interference in the 
assay of any of the compounds due to the presence of the others. 


RESULTS 


Renal Clearances of Riboflavin and Effect of Probenecid-Ribo- 
flavin clearances in Subjects A and C (Table I) were determined 


1 Sodium riboflavin-5 '-phosphate, Hoffmann-LaRoche, Nutley, N. J. * Benemid tablets, Merck Sharpe and Dohme, West Point, Pa. 
Hyrye injection, S. F. Durst and Co., Inc., Philadelphia, Pa. 
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Table I-Effect of Probenecid on Riboflavin and Creatinine 
Clearances in Two Normal Children 


Serum 
-Concentrations’- Clearances, 


Total ml./min./1.73 m.2 Clear- 
Probenecid, Flavin, Total ance 


Subject mg. mcg./ml. Flavin Creatinine Ratio 


A (F, 8 yr.) 0.0 0.413 401 142 2.82 
0.0 0.364 337 130 2.59 
0.0 0.298 313 100 3.13 
2.22 0.554 255 98 2.60 
2.34 0.485 136 62 2.19 
3.82 0.422 255 123 2.07 


C (F, 11 yr.) 0.0 0.440 291 114 2.55 
0.0 0.318 301 101 2.98 
0.0 0.277 293 99 2.96 
4.13 0.535 153 86 1.78 
5.39 0.369 128 78 1.64 
5.05 0.354 132 114 1.16 


a Serum samples were obtained at 1.5, 2.5, and 3.5 hr., after initial 
riboflavin administration and data from each study are listed in that 
order. 


after parenteral administration of the vitamin, with sustaining oral 
doses given to prevent the usual rapid fall in serum flavin levels. 
The renal clearances of riboflavin and endogenous creatinine were 
calculated in the usual way by dividing the urinary excretion rate 
by the midtime serum concentration. The endogenous creatinine 
clearance was determined as a measure of glomerular filtration 
rate (9). For purposes of intersubject comparison, the renal clear- 
ance values for the two children were corrected to standard body 
size of 1.73 m.* by the method of Dubois and Dubois (10). 


The riboflavin-creatinine clearance ratios for Subjects A and 
C ranged from 2.6 to 3.1 in the control periods (Table I). This 
shows that the vitamin is secreted in the renal tubules. Probenecid 
caused a decrease in riboflavin clearance and clearance ratios but 
had no significant effect on the clearance of creatinine. The 0.5-g. 
dose of probenecid was apparently better absorbed in Subject C 
than in Subject A as seen by the time course of probenecid serum 
concentrations in the two children. The relationship between the 
serum probenecid concentration and riboflavin clearance ratio 
in the two subjects is shown in Fig. 1. 


The experiments in Subject J were designed to determine the renal 
clearance of riboflavin and the effect of probenecid over a wide 
range of rapidly changing serum concentrations of the vitamin. 
The serum concentrations of total riboflavin (FR and FMN) and of 
FMN alone as a function of time after rapid intravenous injection 
of FMN with and without prior administration of probenecid are 
shown in Fig. 2. The corresponding urinary excretion rates as a 
function of time are shown in Fig. 3. Total riboflavin concentrations 
in the serum were appreciably higher (Fig. 2) after administration 
of probenecid while the urinary excretion rates were similar (Fig. 3). 
Seventy-six percent of the dose was recovered as riboflavin and 
14% as FMN in the control experiment. During probenecid ad- 
ministration, 7 1 z  was recovered as riboflavin and there was no 
measurable excretion of FMN. 


2 3 4 5 6  
SERUM PROBENECID CONCENTRATION, mg. % 


Figure 1-Effect of probenecid on renal clearances of riboflavin 
(totalflauin) in Subjects A (0) and C (0). The clearance ratio, 
flauin-ereatinine, is plotted as a function of the log serum probenecid 
concentration, and a [east-squares regression line was fitted to the 
data. 
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i 2.0 \ 
2 c 1.0 K 


0 2 4 6 8 1 0 1 2 1 4  
TIME, hr. 


Figure 2-Serum concentrations offlauins as a function of time after 
rapid i.u. injection of about 30 mg. FR as FMN to Subject J Total 
flauin (solid symbols) and FMN (open symbols) concentrations were 
determined in a control experiment (circles) and following oraI ad- 
m~n~stration of I g .  probenecid (squares). Total flavin curues were 
obtained by a computer nonlinear least-squares fit to the data. 


The curves for total riboflavin concentrations in the serum (Fig. 2) 
and for urinary excretion rates (Fig. 3) were obtained by nonlinear 
least-squares computer fit to the experimental data. Preliminary 
graphical analysis by the method of residuals (11) indicated that 
these data declined in a triexponential manner. Because the serum 
and excretion values ranged over more than two orders of magni- 
tude, they were converted to their respective logarithmic values to 
reduce bias. The “NLIN” digital computer program of Marquardt 
(12) was then used to fit a triexponential curve of the type: 


F = A . e-af + B * e-@‘ + C 1 e-7’ (Eq. 1) 


to the experimental data where F represents either total riboflavin 
serum concentrations or urinary excretion rates, t is time, and the 
remaining symbols are constants. The values of the six constants 
for each of the four sets of data are listed in Table 11. The apparent 
volume of the central compartment, V,, was calculated from the 
serum data using the equation: 


V, = dose/(d + B + C) 0%. 2) 


where the denominator represents the computer derived zero-time 
serum concentration of the flavins (C,’). This apparent volume 


l0O0 1 
500 


0 2 4 6 8 1 0 1 2 1 4  
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Figure &Urinary excretion rate offlavins as a function of time after 
rapid i.u. injection of abouf 30 mg. FR as FMN to Subject J. Lines 
and symbols are defined as in Fig. 2. No FMN was found in thdurine 
after administration ofprobenecid. 
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Table 11-Pharmacokinetic Coefficients Determined" from Serum 
Concentrations and Urinary Excretion Rates of Total Riboflavin 
after I.V. Administration of Riboflavin-5'-phosphate to Subject J 


450 1 


Urinary Excretion 


Control Control 
Experi- During Experi- During 


---Serum Levelsc--. Ratesc 


Parameterb ment Probenecid ment Probenecid 


A 
a, hr.-l 


1.83 * 3.09 803 * 423 
3.24 3.99 3.02 2.28 


B 0.316 0.435 94.7 39.6 
@, hr.-l 0.717 0.616 0.824 0.956 
C 0.072 * 0.140 14.6 18.0 
y, hr.-1 0.120 * 0.144 0.148 0.159 
Dose, mg. 31 . O  30.4 
Apparent volume 


of central com- 
partment,d liter 14.0 * 8.27 


a By a least-squares computer fit of Eq. 1 .  6 A, B, and C have units 
of mcg./ml. for serum data and mcg./min. for urinary excretion rates. 
c Asterisk designates those coefficients which do not overlap in the 
range of their calculated value =t the standard error. d Calculated using 
Eq. 2. 


was 14.0 1. in the control experiment and only 8.3 1. in the presence 
of probenecid. 


FMN concentrations in the serum and urine could be determined 
only during the early times after injection of the vitamin. Avail- 
able assay methods are inadequate ( 5 )  to detect FMN at low con- 
centrations of the vitamin and in the presence of a large excess of 
FR. It was thus necessary to determine renal clearance in terms of 
total riboflavin rather than for FMN and FR separately. However, 
the clearances of FR and FMN determined separately during the 
early times in the control experiment were quite similar. 


The renal clearances of total riboflavin in the presence and ab- 
sence of probenecid are plotted in Fig. 4 as a function of the total 
riboflavin concentration in the serum. The points are experimental 
values and the curves are the results of clearance calculations based 
on urinary excretion rate and serum concentration values calculated 
from the parameters of Eq. 1 listed in Table TI. The glomerular 
filtration rate of Subject J averaged 130 f 10 ml./min. in the 
presence and 120 * 11 ml./min. in the absence of probenecid as 
measured by the endogenous creatinine clearances. As in Subjects 
A and C ,  the riboflavin and creatinine clearance values for Subject J 
indicate that riboflavin excretion involves tubular secretion. Probe- 
necid has a pronounced inhibitory effect on riboflavin excretion as 
shown by the appreciable decrease in renal clearance when probe- 
necid was given. 


The continuous decline in renal clearance of riboflavin during the 
course of decreasing serum levels of the vitamin is characteristic of a 
compound which undergoes saturable tubular reabsorption (9). 
This mechanism occurs with at least three other water-soluble 
vitamins: thiamine (13), pantothenic acid (14), and ascorbic 
acid (9). A multiple-compartment pharmacokinetic model em- 
bodying saturable renal tubular reabsorption has been developed 
and applied to riboflavin clearance data from man and dog (15). 
The relationship which describes the observed (net) renal clearance 
(CI,) of compounds which undergo apparent first-order excretion 
(clearance) from serum to urine (a,) and saturable tubular re- 
absorption is 


where C, and C ,  are the serum and urine concentrations of the 
drug, T,  is the tubular reabsorption transport maximum, and K,,, 
is the Michaelis-Menten constant for the saturable tubular re- 
absorption process (15). Graphical and computer analysis of the 
experimental renal clearance data obtained in the absence of 
probenecid has yielded values of 420 ml./min. for CZJ, 33.3 mcg./- 
min. for T,, and 16.3 mcg./ml. for K ,  (15). It was not possible to 
determine these parameters when probenecid was administered 
because the inhibitory effect of this drug was not constant during the 
experiment. 


2 250 
4 J 


50 I---. .L I 


0.02 0.05 0.1 0.2 0.5 1.0 2.0 
SERUM TOTAL FLAVIN CONCENTRATION, rncg./rnl. 


Figure 4-Renal clearance of total riboflavin plotted us a function of 
the serum riboflavin concentration in a control experiment (solid 
symbols) and after oral adminisfration of I g.  probenecid (open 
symbols). Curves represent clearances calculated from the least- 
squares fit of the serum and urinary excretion data. Simultaneously 
determined endogenous creatinine clearances averaged 124 =t I 2  
ml./min. and were independent of the serum riboflavin and probenecid 
concentrations. 


Probenecid serum concentrations were determined for Subject J 
and are shown as a function of time in Fig. 5.  These data were used 
in conjunction with the riboflavin clearance values to construct a 
drug concentration-response plot which is depicted in Fig. 6. 
Because of the concentration dependence of riboflavin clearance 
and the wide concentration range of the data, it was necessary to 
express the clearances during probenecid administration as a per- 
cent of the riboflavin clearance at similar serum concentrations of 
the vitamin in the control experiment. It should be noted that the 
pharmacologic effect-serum concentration relationship presented in 
Fig. 6 (where both riboflavin and probenecid serum concentrations 
varied markedly) is of a type different from the effect-concentration 
relationship depicted in Fig. 1 (where the riboflavin concentration 
was relatively constant). It is of interest, however, that the maxi- 
mum inhibition of riboflavin clearance4 in Subject J occurred at a 
probenecid serum concentration of about 8 mg. and that the 
same maximum inhibitory concentration is obtained upon extrap- 
olating the data from Subjects A and C in Fig. 1 to a clearance 
ratio of unity. Renal clearance studies in dogs (16) also showed 
that a similar serum concentration of probenecid (7 mg. %) pro- 
duced maximum inhibition of renal clearance of riboflavin and 
PAH. 


0 4 8 12 
TIME, hr. 


Figure 5-Concentrations ofprobenecid in the serum as a function of 
time after oral administration of I g. in aqueous suspension fa Subject 
J. Decline in serum concentration of probenecid represents a half 
life of 5 hr. 


'This refers to maximum inhibition in terms of actual clearance 
values (ml./min.) rather than in terms of relative values (percent of 
contr ol clearance). 
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Figure 6-Effect of probenecid on 
renal clearance of flauin in Sub- 
ject J .  The percent of normal clear- 
ance was calculated (see text) from 
the data of Fig. 4 and is plotted as 
a function of the log serum pro- 
benecid concentration. 
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Protein-Binding Results-The serum samples which were 
obtained in each of the experiments in Subjects A and C were 
pooled to obtain adequate volume for a determination of the ex- 
tent of protein binding of the flavins. In Subject A, the flavins 
were 64 and 57% bound in the absence and presence of pro- 
benecid, respectively. The corresponding values for Subject C were 
52 and 54%. These data indicate that probenecid had little or no 
displacing effect on the protein binding of the flavins. The data 
show also that if the renal clearance values of riboflavin were cor- 
rected for protein binding, the net secretion of the flavins would 
appear to be even more pronounced than indicated by the data in 
Table I. 


In Subject J, individual serum samples were used to determine 
the extent of protein binding over an appreciable range of serum 
concentrations of the vitamin. The results of these determinations 
are summarized in Table 111. Over a 10- to 20-fold range in serum 
riboflavin concentrations, the fraction of total riboflavin bound 
remained essentially constant and was similar in the control and 
probenecid experiments. The albumin concentration of the serum 
was 4.6 g./lOO ml., and it was possible to calculate the theoretical 
degree of binding of total riboflavin using known values ( 5 )  for the 
albumin-FR and albumin-FMN association constants (1.3 X lo3 
and 3.2 x lo4 literlmole, respectively, at 30") and the assayed serum 
concentrations of FR and FMN (Table 3). The basis for such cal- 
culations is given in an earlier report on the plasma protein binding 
of riboflavin and FMN (5). These calculations show that no change 
in the degree of protein binding of total riboflavin is to be expected 
over the concentration range of riboflavin encountered in these 
experiments. Despite the existence of the two forms of the vitamin 
in the serum, the extent of binding of total riboflavin remained 
constant due to the relatively constant concentration ratio of FR 
and FMN in the serum. 


The serum protein binding of probenecid was also determined in 
the serum samples obtained from Subject J. The extent of protein 
binding of probenecid remained essentially constant during the 
course of the experiment and the change in serum concentrations of 


1 0 O ~ c  0 


',. 
. '/, 


- ''j Figure 7-Rate of dephosphoryla- 
tion of ribofiavin-5 '-phosphate dur- 
ing incubation of 72 mcg. FMN 
in fresh whole blood (0) and in 
pH 7.4 Sorensen's bufer (0). 
Total riboflavin concentration (FR + FMN) remained constant for 
the duration of the experiment. 


- >  


Table 111-Protein Binding of Riboflavin in Human Serum" in the 
Presence and Absence of Probenecid 


Serum Fraction of Total 
Probenecid Flavin Bound 


Serum Flavin Concn., mcg./ml. Concn., Experi- Theoret- 
FR FMNb Totalb mg. % mental icak 


0.859 0.282 
0.330 0.085 
0.175 0.043 
0.091 0.029 
1.139 0.511 
0.356 0.194 
0.264 0.081 
0.158 0.048 
0.107 0.039 
0.078 0.028 


1.141 0.0 0.58 0.58 
0.415 0.0 0.60 0.56 
0.218 0.0 0.61 0.56 
0.120 0.0 0.63 0.58 
1.650 3.23 0.60 0.59 
0.551 4.25 0.58 0.62 
0.346 6.53 0.53 0.55 
0.206 7.71 0.59 0.55 
0.146 6.68 0.60 0.57 
0.106 5.47 0.57 0.57 


Albumin content: 4.63 g./lOO ml. 6 Riboflavin equivalent. c See 
text. 


riboflavin did not appear to affect the protein binding of probenecid. 
Over the serum concentration range of 2 to 8 mg./100 ml., probenecid 
was 90 f 4% protein bound, which is in excellent agreement with 
the data reported by Dayton et al. (8). 


FMN Dephosphorylation-The data shown in Figs. 2 and 3 
indicate that intravenously administered FMN is rapidly converted 
to riboflavin until a FR-FMN concentration ratio of about 3:l 
is attained. This appears to reflect an equilibrium between the rate 
of dephosphorylation and the rate of phosphorylation of the vita- 
min. A similar phenomenon has been observed in the rat by Chris- 
tensen (17). Phosphatase (18) and flavokinase (19) enzymes in the 
liver may account for these processes, but enzymes associated 
with erythrocytes also contribute to the very rapid loss of serum 
FMN and appearance of FR. Incubation of FMN with fresh whole 
blood from Subject J and with buffer showed that FMN was rapidly 
converted to FR in whole blood (Fig. 7), but that there was no 
dephosphorylation of FMN in the control buffer solution. The 
concentration of total riboflavin in the blood samples remained 
constant for the duration of the experiment. Previous experiments 
have shown ( 5 )  that incubation of FMN with human plasma 
produced no change in the relative protein binding of the vitamin 
which is indirect evidence that FMN is not dephosphorylated in 
blood plasma. 


DISCUSSION 


The results of the present study confirm earlier indications ( 1 ,  3) 
that the renal excretion of riboflavin in man involves tubular 
secretion. Renal clearances of the vitamin were found to exceed 
markedly the glomerular filtration rate in three human subjects and 
it was shown that probenecid has a pronounced inhibitory effect 
on riboflavin excretion. In Subjects A and C, where the riboflavin 
serum levels were maintained relatively constant, the effect of 
probenecid could be characterized by a typical dose-response rela- 
tionship (Fig. 1). In Subject J, the dose-response relationship 
(Fig. 6) is complicated by the serum concentration dependence of 
riboflavin clearances resulting from the saturable tubular reabsorp- 
tion process. Therefore, the clearances during probenecid adminis- 
tration had to be expressed as a percent of the clearance value ob- 
tained in the control experiment at the same riboflavin concentration 
in the serum. 


The riboflavin clearances in Fig. 4 have a constant value of about 
100 ml./min. during the time when probenecid serum levels declined 
from 7.7 to 1.8 mg. and riboflavin serum concentration ranged 
from 0.2 to 0.02 mcg./ml. This suggests that probenecid inhibits 
both the tubular secretion and the specialized reabsorption of the 
vitamin. With inhibition of both active processes, the clearance of 
flavin would be expected to remain constant at less than the glomeru- 
lar filtration rate (124 ml./min.> because the vitamin is bound to 
some extent to serum proteins. In view of the difference in the 
probenecid serum concentration-effect relationship during in- 
creasing and decreasing probenecid serum levels, respectively, it 
appears that the time course of probenecid concentration in the 
serum does not adequately reflect the time course of probenecid 
concentration at its site of action, particularly in the elimination 
phase of probenecid. The fact that maximum inhibition of ribo- 
flavin clearance was observed while probenecid concentration in the 
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serum declined from 7.7 to 1.8 mg. suggests that probenecid is 
retained at its site of action considerably longer than in the serum. 


Probenecid had no serum protein-displacing effect on riboflavin 
and FMN under the experimental conditions. The protein-binding 
determinations were also done to determine whether the renal 
clearance of Aavin could change as a result of saturation of protein- 
binding sites at high serum concentrations of riboflavin. This might 
result in a greater fraction of unbound riboflavin with concomitant 
increase in renal clearances at high serum riboflavin levels. The 
actual measurements and theoretically calculated protein-binding 
data (Table 111) showed that the extent of protein binding of total 
riboflavin is quite constant over the concentration range used in 
these studies. The protein-binding data do, however, indicate that 
correction of the renal clearance values for the extent of riboflavin 
binding would result in even higher clearance values than shown 
in Table I and Fig. 4 for the three subjects. 


The data in Fig. 2 and Table I show that serum concentrations of 
riboflavin were substantially higher during probenecid administra- 
tion than during control experiments. Pharmacokinetic analysis 
of these data indicates that the apparent volume of the central 
compartment for the vitamin decreased from 14.0 to 8.3 1. when 
probenecid was administered. This may be a real effect of pro- 
benecid on the distribution of riboflavin or it may reflect the limita- 
tions of presently available pharmacokinetic techniques in that an 
inhibition of renal excretion may modify the apparent distribution 
constants of the pharmacokinetic model. Studies are now in progress 
to determine the effect, if any, of probenecid on the distribution of 
riboflavin in anephric subjects (20). It should be possible in this 
way to determine if probenecid does in fact modify pharmaco- 
kinetic parameters other than those reflecting the renal excretion 
of riboflavin. 
In order to examine the mechanism and kinetics of the renal 


excretion of riboflavin and the nature of the effect of probenecid 
on these processes in more detail than is feasible in man, additional 
studies have been carried out in the dog. The results of these studies, 
which will be reported in other communications (15, 16), demon- 
strate that riboflavin excretion in the dog also involves both tubular 
secretion and saturable tubular reabsorption. After attainment of 
constant serum levels of riboflavin and PAH, a typical log-linear 
concentration-response relationship was found for the inhibition 
of renal clearance of these compounds by probenecid. Interestingly, 
the maximum inhibitory effect of probenecid on both riboflavin 
and PAH renal clearance in these dogs was reached at about 7 
mg. serum probenecid concentration, similar to the maximum 
effective concentration found in the subjects of the present study. 


Probenecid inhibits the renal excretion of riboflavin in species 
other than man and dog. Rennick (4) has demonstrated inhibition 
of tubular secretion of riboflavin by probenecid in the chicken. 
Markkanen et ul. (21) have shown that probenecid decreases the 
basal excretion of riboflavin in man and rabbits whose riboflavin 
intake was limited to that derived from the normal diet. 


There is evidence (16,22) that the renal transport mechanism for 
riboflavin may involve a phosphorylation-dephosphorylation pro- 
cess. Probenecid, besides decreasing the renal clearance of various 
compounds by competitive inhibition, also inhibits directly those 
enzymes which require a source of high-energy phosphate bond 
energy (23). This may be the mechanism of the effect of probenecid 
on the renal clearance of riboflavin, since no FMN was found in 
the urine when probenecid was administered in the present study. 
It is of interest that a similar phosphorylation-dephosphorylation 
mechanism may be responsible for the specialized intestinal ab- 


sorption of riboflavin (24) which also appears to be inhibited by 
probenecid (3). 
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Table 11-Inhibition of DNA, RNA, Protein, and Lipid 
Synthesis by Quinine (Q) and Quinidine (QD) 


~ 


-Concentration, moles/l. x lo+ 
1.3 2.5 3.8 


DNA 


RNA 


Protein 


Lipid 


synthesis 


synthesis 


synthesis 


synthesis 


Mean Inhibition f SE" 
Q 34 f 3.5 69 f 6.1 
QD 3 2 f  5.7 75 f 2.1 
Q 33 j= 0 .5  55 f 2.4 
QD 3 6 f  2.9 56 f 2.1 
Q 51 f 3.9 60 f 0.2  
QD 50=k 3.4  63 f 3.8 
Q 8 f  1 . 8  1 4 f  3.3 
QD 7 f 2.3 15 f 1.8 


79 f 2.6 
78 f 3.2 
62 f 1.9 
61 f 1.9 
73 f 1.4  
71 f 1.1 
27 f 4.1 
35 f 3.7 


a Each value from four determinations. In no instance is p less than 
0.2 for any pair of values. 


same. The difference in antifibrillatory action of the drugs may be 
due in part to differences in chemical structure which, in turn, may 
reflect cardiac receptor specificity. 
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Physiologic Surface- Active Agents and Drug Absorption VII: 
Effect of Sodium Deoxycholate on Phenol Red 
Absorption in the Rat 


STUART FELDMAN", MICHAEL SALVINO, and MILO GlBALDI 


Abstract 0 The influence of sodium deoxycholate on the absorption 
of phenol red in the rat was studied using three techniques to 
assess absorption-viz., urinary excretion data after oral administra- 
tion to intact animals, loss of drug from in situ intestinal loops, and 
transfer of drug across the isolated everted intestine. Each of the 
methods provided evidence that the bile salt markedly enhances the 
absorption of phenol red by altering the permeability of the in- 
testinal membranes. In the intact rat, these effects appear to be 
reversible. 


Keyphrases 0 Phenol red absorption, rat-sodium deoxycholate 
effect 0 Sodium deoxycholate--effect on phenol red absorption, 
rat 0 Colorimetric analysis-phenol red 


The role of bile salts in the intestinal solubilization 
and absorption of fats and fat-soluble vitamins has been 
studied extensively (1-3). Recently, it has been reported 
that bile salts may also enhance the intestinal absorp- 
tion of poorly lipid-soluble substances. Mayersohn 
et al. (4) reported a 1.5- to 1.8-fold increase in the uri- 
nary recovery of riboflavin in man when sodium deoxy- 
cholate was administered 0.5 hr. prior to the oral in- 


gestion of the vitamin. The results suggest that the bile 
salt enhancement of riboflavin absorption may be due 
to changes in the permeability of the gastrointestinal 
membranes to the transport of the vitamin. Feldman 
and Gibaldi (5 ,6 )  have shown that relatively low micel- 
lar concentrations of sodium taurodeoxycholate 
markedly increase the permeability of everted rat in- 
testine to salicylate ion. 


The purpose of the present investigation was to  de- 
termine the effects of an unconjugated bile salt, sodium 
deoxycholate (SDC), on the absorption of a water- 
soluble, poorly absorbed compound, phenol red, in the 
rat using several experimental techniques to assess ab- 
sorption. 


EXPERIMENTAL 


Absorption Studies in Intact Rats-Male Sprague-Dawley rats 
weighing between 200 and 300 g. were used in all experiments. The 
animals were fasted 24 hr. (with water allowed ad libitum) prior to 
gastric intubation of 1.5 ml. of a 1-rng./ml. phenol red solution in 
distilled water containing 100 mM sodium deoxycholate (SDC). 
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Table I-Total Urinary Excretion of Phenol Red in 
Individual Rats after Oral Administration of a 1.5-mg. Dose 
with and without 150 pmole Sodium Deoxycholate (SDC) 


Control, SDC, 
Rat z of Dose z of Dose 


4.9 
3.2 
2.9 


8.0 
9.7 


11.7 
4 4.6 10.9 
5 2.7 6.3 
Mean f S D  3.7  f 1.0 9.3 f 2.2 


A solution of 1 mg./ml. phenol red served as the control. The 
studies were performed in a crossover fashion with each animal 
serving as his own control. Following intubation, the animal was 
placed in a restraining cage. Urine was collected quantitatively 
every hour for 8 hr. and then at convenient intervals until no 
measurable levels of phenol red could be detected in the urine (16-24 
hr.). Urination was induced by causing the rats to inhale ether 
vapors for a few seconds. The collected urine was assayed colori- 
metrically for phenol red using methods described previously (7). 
The total amount of phenol red excreted in each urine sample was 
determined by means of standard curves. In a second set of experi- 
ments, the test animals were injected intraperitoneally with 1.5 
ml. of a 1-mg./ml. phenol red solution. Immediately following the 
injection, 1.5 ml. of 100 mM SDC was administered by gastric 
intubation. 


The same animals were used in control studies in which the 
phenol red injection was followed by gastric intubation of 1.5 ml. 
distilled water in place of the bile salt. Urine was collected and 
assayed as described previously. 


Absorption Studies from In Situ Intestinal Loops-The method of 
Levine et al. (8) was utilized to study the in siru absorption of phenol 
red from the rat small intestine. Fasted Sprague-Dawley rats 
weighing between 195 and 240 g. were used for this portion of the 
study. The animals were anesthetized with ether and maintained 
under light anesthesia during the surgical procedures. A midline 
incision was made, the small intestine was located, and two loops, 
each 5.08 cm. (2 in.) long, were formed. The first loop was ap- 
proximately 15.24 cm. (6 in.) from the pylorus with 2.54 cm. (1 in.) 
of intestine separating the two consecutive loops. One-half milli- 
liter of a 1-mg./ml. phenol red solution in the presence or absence 
of SDC was injected into a loop, through a ligature, by means of a 
syringe and blunt needle. In experiments utilizing 100 mM SDC, 
the loops in any animal contained either phenol red or phenol red 
plus the bile salt. The solutions were placed in the intestinal loops in 
a crossover fashion. The midline incision was then closed and the 
animals were allowed to recover. The animals were sacrificed after 
3 hr. and the loops were excised, homogenized,' and assayed for 
phenol red content according to Levine (9). The percent of phenol 
red absorbed from each loop was calculated after correcting for 
assay recovery based on the amount of phenol red recovered from 
loops after 3 hr. in uitro incubation experiments in pH 7.2 buffer at 
37". 


Drug Transfer in Isolated Everted Rat Intestin+Two consecutive 
everted rat small intestine segments, each 10 cm. in length, were pre- 
pared by methods previously described (5). Each segment was 
suspended in 80 ml. of mucosal solution consisting of modified 
Krebs-Henseleit buffer at pH 7.4 containing 0.2 mg./ml. phenol 
red and, in bile salt experiments, 100 mM SDC. Since both phenol 
red and SDC are negatively charged at pH 7.4, little or no interac- 
tion was expected between the two compounds. All solutions were 
adjusted to 150 mM Na -I. by the addition of sodium chloride. 


The mucosal solution was oxygenated continuously by a mixture 
of oxygen-carbon dioxide (95:5) and maintained at 37 =t 0.1" 
by means of a water bath. The serosal solution consisted of 2 ml. of 
modified Krebs-Henseleit buffer, pH 7.4. The experimental pro- 
cedure for sampling of the serosal solution has been discussed 
previously ( 5 ) .  Each experiment was run over a 2-hr. period, and the 
consecutive segments were placed in either the phenol red control 
buffer or phenol red-SDC-buffer in a crossover fashion. 


~ 


1 Eberbach homogenizer, Eberbach Corp. 
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The serosal samples were diluted appropriately with distilled 
water, alkalinized with 3 N NaOH, and assayed for phenol red 
spectrophotometrically a t  560 mp. Neither SDC nor ''blank'' fluid 
interfered with the assay procedure. 


RESULTS 


Absorption in Intact Rats-Table I shows the urinary recovery of 
phenol red, expressed as percent of dose, after oral administration 
of 1.5 ml. of a 1-mg./ml. phenol red solution in the presence or 
absence of 150 pmole SDC. The results show that coadministration 
of the bile salt with phenol red results in an approximately three- 
fold increase in the urinary recovery of phenol red. Differences are 
significant at the 99.5% level of confidence as determined by 
Student's t test (10). A representative plot of the excretion rate of 
phenol red versus time for both experimental situations is presented 
in Fig. 1. 


Studies in which phenol red was injected intraperitoneally and 
SDC given orally indicate that the bile salt has no influence on the 
urinary recovery of phenol red. The mean percent of phenol red 
recovered in the urine after oral administration of the bile salt was 
41.2 f 11.3% (mean fSD, four rats), essentially identical to the 
control value of 42.4 f 11.7 % (mean f S D ,  four rats). 


This finding rules out an effect of the bile salt on the net dis- 
tribution and elimination patterns of phenol red and suggests that 
the increase in urinary recovery of phenol red is due to increased 
gastrointestinal absorption of the compound in the presence of the 
bile salt. 


Absorption from Intestinal Loops-It was of interest to consider 
the absorption of phenol red from a well-defined section of the rat 
small intestine. The intestinal loop preparation was well suited for 
these experiments. Utilization of this technique made it possible to 
study the absorption of phenol red in the presence and absence of 
the bile salt without the complicating problems of enterohepatic 
circulation and intestinal transit. Also, it was possible by using this 
technique to control the initial concentration of bile salt present at a 
specific site within the intestinal lumen. 


The results obtained from the intestinal loop experiments are 
presented in Table 11. The percent of phenol red absorbed in con- 
trol studies was 5.6%. This value is in good agreement with the 
value of 7 %  reported by Levine (9). In the presence of 10 mM 
sodium deoxycholate, the mean percent absorbed was 24.3 %. A 
still larger increase in phenol red absorption was observed in the 
presence of 100 m M  SDC (69.3 z). 


Phenol Red Transfer across Everted Rat Intestine-The effect of 
SDC on the intestinal transfer of phenol red is noted in Table 111. 
The results are consistent with the findings of the in vivo and in 


40 4 


c I I I I I 
2 4 6 8 10 


TIME, hr. 


Figure I-Urinary excretion rates of phenol red after oral admin- 
istration with and without sodium deoxycholate (SDC). Key: 0, 
SDC; and 0, control. 







Table II-Effect of Sodium Deoxycholate (SDC) on the 
Absorption of Phenol Red from Rat Intestinal Loops 


Solution No. of Loops Absorbed fSD,  % 


Control 
10 mM SDC 
100 mM SDC 


3 
6 
3 


5.6 f 1.2 
24.3 =t 15.1 
69.3 f 3.5 


siru studies. The bile salt produced a 75 % increase in the steady- 
state transfer rate of the drug across the isolated tissue preparation. 


DISCUSSION 


Each of the three methods used to assess absorption of phenol 
red in the rat provided evidence that sodium deoxycholate at con- 
centration exceeding the critical micelle concentration markedly 
alters the permeability of the gastrointestinal membranes to this 
poorly absorbed compound. It is of particular interest to note that 
the in virro technique, i.e., the everted intestinal preparation, pro- 
vided an excellent indication of in vivo absorption phenomenon with 
respect to the bile salt effect. Until recently, the isolated everted 
intestine technique has been used almost exclusively for studying 
active accumulation and transport of various nutrients. The present 
study indicates that this in virro technique may also have con- 
siderable value in studying drug absorption which usually involves 
passive rather than active processes. 


Care, of course, must be used in extrapolating the results of any 
in uitro model to predict results in the intact biologic system. In- 
variably, quantitative differences are noted and, in some instances, 
qualitative differences may be observed as well. The isolated 
everted intestine appears to be considerably more permeable to 
phenol red than the intact intestine. The clearance of phenol red 
from the mucosal solution, i.e., the steady-state transfer rate di- 
vided by the mucosal concentration, is about 0.8 ml./hr. This value 
is of the same order of magnitude as the clearance of salicylate- 
viz., 1.2 ml./hr. ( 5 ) .  However, the rate of intestinal absorption of 
salicylate is several orders of magnitude greater than that of phenol 
red. Chalfin et al. (ll),  Tidball er al. (12), and Baker et al. (13) pre- 
viously found the small intestine to be considerably more permeable 
when everted than when not everted. Despite this significant 
qualitative shortcoming of the everted gut technique with respect 
to phenol red transfer, the effect of the bile salt on membrane per- 
meability is as adequately demonstrated with this preparation as 
with the other techniques employed. 


An important qualitative difference observed between the isolated 
and intact rat intestine is the ability to reverse the bile salt effect on 
membrane permeability. The authors have previously demonstrated 
that the effect of bile salts on the permeability of the everted in- 
testine was not reversible (6). However, the results of in uivo absorp- 
tion studies in rats suggest that this may not be the case in the intact 
intestine. Oral dosing studies carried out in a crossover fashion gave 
no indication that the effects of the orally administered bile salt 
were irreversible. Urinary excretion data obtained from control 
studies in two rats, 3 days after each had received SDC, were 
essentially identical to those obtained from control studies in 
rats who had no previous exposure to SDC. 


The intestinal loop experiments summarized in Table 11 in- 
dicate a dose-dependent effect of the bile salt on the intestinal 
membranes. One-half milliliter of a 10 rnM SDC solution resulted 
in a mean absorption rate that was four times greater than control 
values. The results were extremely variable from loop-to-loop as 
indicated by the very large coefficient of variation, i.e., about 60x .  
This finding is in contrast to the twelvefold increase in phenol red 
absorption (coefficient of variation of 5 %) produced by a 100 mM 
solution of SDC. The 5-pmole‘dose of SDC may be in the range of 
the minimum effective dose (MED) of deoxycholate needed to 
alter intestinal permeability while the 50-pmole dose is clearly above 
the MED. 


Table JII-Effect of 100 mM Sodium Deoxycholate (SDC) 
on the Steady-State Transfer Rate of Phenol Red across the 
Everted Rat Small Intestine-Mucosal Drug Concentration 
Maintained at 0.2 mg./ml. 


Control, SDC, 
Rat mcg./min. mcg./min. 


1 2.72 4.41 
2 2.62 4.90 
3 2.38 4.18 
Mean +SD 2.57 =I= 0.17 4.50 f 0.37 


During the course of these studies, it was observed that there was 
an increase in the volume of fluid within the intestinal loop after the 
3-hr. exposure to 100 mM SDC. This is consistent with the earlier 
observation of Feldman et al. (14) who reported an increase in fluid 
volume within the gastric pouch after exposure to 26 mM SDC. 
Despite the rather marked influx of fluid into the intestinal lumen, 
enhanced absorption of phenol red occurred in the presence of the 
bile salt. In control studies, little fluid remained within the intestinal 
lumen after the 3-hr. absorption period, indicating significant net 
water absorption in the absence of the bile salt. 


The mechanism of action of the bile salt in altering the perrnea- 
bility of the intestinal tract to various drugs is still not certain. It has 
been suggested that the mechanism may involve an interaction of 
the bile salt micelle with membrane lipid, particularly phospholipid 
(15). This aspect of the problem is under further investigation. 
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Construction and Operation of an Automated Dispensing 
Analyzer for the Assay of Individual Tablets 


WILLIAM F. BEYER* and EDWIN W. SMITH’! 


Abstract IJ An automated system of modular design has been de- 
veloped for the assay of single tablets. Commercially available 
proportioning pumps, continuous filter, tablet homogenizer, spec- 
trophotometer, and recorder are mated to specially designed com- 
ponents for unattended operation. The system is constructed to  
analyze automatically up to 300 identifiable tablets with standards 
inserted prior to tablets, after any selected number of tablets, and 
at  the end of the particular type of tablet being assayed. Up to six 
different concentrations or types of tablets can be automatically 
processed sequentially, each with its own standard insertion. Pro- 
visions are made to alter automatically the dilution of samples as 
tablet strengths vary. Under normal program conditions the system 
can operate unattended for approximately 18 hr. 


Keyphrases 0 Tablets, individual-automated analysis Auto- 
mated dispensing analyzer, tablet-onstruction, operation 0 
Diagram-automated analyzer, individual tablets 0 UV spectro- 
photometry-analysis 


The assay of single tablets and single units in other 
dosage forms is recognized as an important feature in 
the quality control of manufacturing processes. Com- 
pendia requirements for content uniformity of selected 
tablets containing 50 mg. or less of drug substance has 


placed additional burdens on the quality control chem- 
ist. To  make data available in the quantity needed for 
statistically valid results, analytical procedures have been 
automated to varying degrees, The majority of auto- 
mated assay systems that include sample preparation 
have incorporated a commercially available solid 
sampler,I as evidenced by symposia of the New York 
Academy of Sciences and Technicon Corp. (1-5). 
Papers presented at the 1967 New York Academy of 
Sciences included a presentation by Rehm et al. (2) 
describing an automated system for the UV analysis of 
single tablets. 


An automated systemconstructed in these laboratories 
for UV analyses of individual tablets has been in routine 
operation for more than a year. The system is of modular 
design and consists of commercially available compo- 
nents wherever possible. Provisions have been made for 
the introduction of liquid standards, dilution, and 


1 SOLIDprep, Technicon, Inc., Tarrytown, N. Y. 
2 Available commercially as the Assayomat, American Instrument 


Company, Inc., Silver Spring, Md. 
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Figure 1-Manifold flow system and associated equipment used with the automated dispensing anaIyzer. Solvaflex and Tygopi pumping tubes 
are denoted as SF and T,  respectively. 


filtration of tablet samples. Modifications in commercial EQUIPMENT 
modulesy construction Of new and the 'peration 
of the authors' automated dispensing analyzer (ADA) 
are the subjects of this report. 


The modules and manifold system are schematically illustrated in 
Fig. 1, with the modular design shown in Fig. 2. Teflon tubing is 
used throughout except for pumping tubes and heating bath coil. 
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the mixing block is replaced with a polyethylene tube having a 
capillary opening and attached to a pulse suppressor (PCI),3 into 
which diluting lines are fed (Fig. 1). 


Solid Sampler-An externally mounted solenoid valve4 replaces 
the internal wash water distribution solenoid valve carrying three 
associated rinsing lines. Two check valves6 replace the check valve 
for solvent introduction. Only the cup rinsing jet and the hopper 
jet nearest the cabinet of the solid sampler are used. 


Heating Bath, 6506-The diluent passes through 0.95-cm. (0.375- 
in.) copper tubing fashioned into a 12-turn, 11.43-cm. (4.5411.) coil, 
immersed in a 65" water bath. The temperature of the diluent re- 
mains above 55' while in the blender. 


UV- Visible Spectr~photometer~ with 1 .O-cm. flow cell? 
Absorbance Recorder with event marker.@ 
Constructed Modules-Instream Diluting System-Four ex- 


plosion-proof three-way solenoid valves4 are mounted in an elevated 
stand to match the height of the proportioning pump. Stainless 
steel fittings to accommodate approximately 0.32-cm. (0.125-in.) 
tubing were made for all ports of the solenoid valves. Entrance ports 
are connected to Solvaflex pumping tubes3 and exit ports to Teflon 
tubing leading either to the continuous filter or to waste. 


Tablet-holding Disk and Tablet-dispensing Apparatus-Six disks 
of 50-tablet capacity were fabricated from 0.32-cm. (0.125411.) and 
1.27-cm. (0.5-in.) Plexiglas sheet stock. Numbered slots in the tablet- 
holding disk accommodate nearly all tablet shapes currently pro- 
duced at the authors'company. Embedded in the rim of each tablet- 
holding disk is a strip of brass, sensed by a proximity probe, to 
signal that the last tablet has been dispensed. The disks, dispensing 
mechanism, turret, and proximity probe are shown in Fig. 3. The 


Figure 2-Instrunients comprising the automated dispensing analyzer, 
showing its modular design. 


Figure 3-Sample preparation and dispensing system: solid sampler: turret with six tablet disks, dispensing mechanism, and proximity probe; 
and the secen-figured tubing attachment unit for standards and tablet-wetting lines. 


Commercially Available Modules, Modified in Some Instances- 
Proportioning Pumps (Two)% and Continuous Filter with Paper T-014  
-The chamber of the mixing block is enlarged to accommodate the 
large volumes of diluent required on occasion. The small nipple used 
to attach the sample line to the mixing block is replaced with a 
larger one (N-4)3 to prevent plugging of the nipple with tablet 
excipients after prolonged pumping of sample. The upper nipple of 


tablet-dispensing mechanism is powered by a synchronous motor. 
A pulse signal from the programmer causes the motor to rotate the 


N.4pSC0 Red Hat, No. 832043, Automatic Switch C O . ,  Florham Park 


5 Circle Seal, No. 119T-lpp, Anaheim, Calif. 
6 Tamson Bath, Witt Sales, Cleveland, Ohio. 
7 Hitachi-Perkin Elmer 139, A.  H. Thomas, Philadelphia, Pa. 
8 Catalog No. 9120-N05, A.  H. Thomas, Philadelphia, Pa. 
9 Model TRL, Sargent, Chicago, Ill. 


l o  Hurst Manufacturing Co., Princeton, Ind. 3 Technicon Inc., Tarrytown, N.  Y. 
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Figure 4-Cotrtrolpanel of rhe prepuralor control. 


disk to the next slot and automatically brake to a stop. The turret 
mount for the six tablet-holding disks is indexed to the next position 
by a motor.11 A pulse signal from the programmer causes this motor 
to move the turret and brake to a stop when the next disk is in the 
proper position ready to dispense tablets. 


Standards uiid Tablet-wetting Pumps-Seven pump units consist- 
ing of stainless steel pumps, adjustable crank throws, and upper 
posts were purchased. 1 2  One-revolution drive and brake units with 
synchronous motors’O were constructed to provide braking of the 
pumps and nonburnout (if stalled) features. Six pumps are used for 
the six different standards and one pump for tablet wetting (Figs. 
1 and 2). The upper and lower valve casings of the pumps containing 


11 Slo-Syn, Superior Electric Co., Bristol, Conn. 
1 2  Unit No. FUS-15, National Instrument Co., Baltimore, Md. 


the tubing attachment nipples were replaced with valve casings 
having stainless steel tube fittings in order t o  accept approximately 
0.32-cm. (0.125-in.) Teflon tubing. Standards and diluent for tablet 
wetting are dispensed from each particular pump to  a special ring, 
located above the cup at  the point where the tablet is dispensed from 
the tablet disk, as shown in Fig. 2. A pulse signal from the program- 
mer results in only one filling and diluting cycle of the pump. 


Prepurutor CoiitroP3 (6)-This unit (Fig. 4) is an  electrical hybrid, 
having conventional limit switches interfaced with integrated solid- 
state circuit logic. Output for motors and solenoids comes through 
contacts on conventional d.c.-driven plug-in relays. The sequence of 
programmed operations inherent in the solid sampler is not dis- 
turbed. Two spare switches in the solid sampler programmer (as 


1 3  Instracon, Inc., Benton Harbor, Mich. 
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Table I-Diluting Lines and Solenoid Valves Required for 
Various Steroids 


~ ~ 


Coef- 
ficient 


Number Average of 
Diluting Solenoid Absor- Varia- 


Steroid Lines Valve No. bance tion z 
Fluprednisolone, None None 0.219 0.65 


Prednisolone, None None 0.705 0.62 
0.75 mg./lO ml. 


2 .5  mg./lO ml. 


4 . 0  mg./lO ml. 


10.0 mg./lO ml. 


16.0 m d l O  ml. 


Methylprednisolone, 1 1 0.485 0.64 


Hydrocortisone, 4 1 ~ 3  0.497 1.21 


Methylprednisolone, 6 1 ,2 ,3 ,4  0.499 1.23 


Hydrocor&one, 6 1,2,3,4 0.703 1.23 
20.0 mg./lO ml. 


purchased) are utilized to sequence the preparator control. The 
latter unit coordinates the actions of five separate pieces of equip- 
ment: (a)  the solid sampler unit; (b)  the turret which supports six 
tablet-holding disks; ( c )  the pumping system for six separate stan- 
dards and one tablet-wetting pump; (d) the instream diluting system 


Table 11-Individual Tablet Assay of Corticosteroids with the 
Automated Dispensing Analyzer and Comparison with 
a Semiautomated Blue Tetrazolium Procedure 


Semi- 
Lot Automated Dispensing Analyzer, UV automated 
No. High Low Mean % B.T.Z.,. z 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


105 
105 
108 
109 
110 
105 
105 
104 
105 
105 
104 
104 
112 
110 
105 
107 
106 
105 
107 
107 


106 
105 
104 
108 
104 
104 
104 
102 
105 
108 
107 
104 
105 
106 
103 
102 
104 
106 
113 
108 


Prednisone, 5 mg. 
98.8 102 
97.2 101 
98.4 102 
96.4 103 


101 104 
96.0 99.8 
95.4 99.6 
96.0 100 
96.8 101 
97.0 102 
94.8 99.4 
96.8 100 
98.6 102 
99.6 104 
93.4 100 
98.0 103 ~ . .  


97.6 102 
97.2 101 
97.0 101 


100 103 


~ . .  


97.6 102 
97.2 101 


100 103 
Methylprednisolone, 4 mg. 


98.2 102 
98.5 102 
99.8 102 ~~~ 


97.2 102 
98.2 101 
97.8 100 
97.5 100 
91 . O  97.8 
98.8 101 
98.5 103 . _ _ _  
97.8 102 
95.5 99.5 
96.0 98.5 
95.2 100 
93.8 98.0 
96.0 98.8 
96.0 100 


101 104 
105 108 
99.2 103 


96.4 
98.4 
98.0 
98.2 
98.2 


100 
100 
97.8 
97.4 
97.4 
98.0 
97 .O 
98.8 


98.8 
98.6 


99.4 
99.2 


100 


101 


101 


98.2 


99.0 
98.8 
96.2 
99.8 
98.5 
97.8 
98.0 
98.0 
96.5 
98.5 
97.5 
98.0 
97.5 
99.5 
98.2 
98.2 


98.7 


102 


103 


which determines the extent of sample dilution after aspiration from 
the homogenizer; and (e )  the event pen of the recorder, energized 
upon delivery of standard. 


The preparator control automatically governs functions of the 
system once started, yet permits the following actions manually by 
the operator: (a) selection of the number of standards dispensed 
prior to any tablets, numbers of tablets dispensed between the intro- 
duction of additional standards, and whether or not a standard is 
dispensed after the last tablet in each tablet-holding disk; (b)  selec- 
tion of the proper times for diluting valves to open or close in order 
that exact correspondence may be maintained after the introduction 
of a new series of tablets; (c) rotation of the turret to any one of the 
six tablet-holding disks for correct startings; (d) dispensing of stan- 
dards and tablet-wetting medium prior to initiation of a run in order 
to purge the lines; and ( e )  testing for malfunction of individual 
components by activating selected switches or observing pilot lights 
as the entire sequence of operational events is simulated. 


OPERATING PROCEDURE 


A zero base line with 75z 3A alcohol is established using the 
manifold flow system of Fig. 1 and with all instruments operating 
(recorder, UV spectrophotometer at a wavelength at 242 mfi, two 
proportioning pumps, vacuum pump, continuous filter, 65 heating 
bath, solid sampler, and preparator control). Sixty milliliters of 75 % 
3A alcohol is used in the solid sampler. From 1-50 tablets are placed 
in numbered slots of each of the six disks, and the disks are mounted 
on the turret and secured. The tablet-wetting pump and all standard 
pumps used in the analysis are rinsed with solutions to be used to 
ensure that the lines are free of air and previous liquid. Programs for 
the standard pumps and associated tablet disks, diluent valves, and 
number of disks used in the assay are selected on the preparator 
control panel. 


The recorded peak heights resulting from tablets and standards 
bracketing the tablets are used in conjunction with the concentra- 
tions of the standards to  calculate the amount of active ingredient 
in each tablet. 


RESULTS AND DISCUSSION 


The manifold tubing and flow system of the automated dispensing 
analyzer is very similar to that reported for the automated UV 
assay of tolbutamide tablets (7). The durability of Solvaflex tubes 
during prolonged pumping with 7 5 z  3A alcohel and the ability 
of this solvent to remove or minimize UV-absorbing material from 
the tubes were established in the tolbutamide studies (7) .  


A much better flow of liquid and more uniform air segmentation 
of the sample stream occurred when the diluent and air lines con- 
nected to the blender assembly of the solid sampler were inter- 
changed in the manner described by Kuzel(8). The ratio of rinse to 
sample was increased (also suggested by Kuzel) so that during the 
wash cycle a portion of the rinse enters the sample line and the 
remainder enters the blender, blocking off seepage of sample. 
Directing the diluent from the solenoid valves to the mixing block of 
the continuous filter permitted the addition or interruption of diluent 
without changing sample flow rate. This was particularly important 
in programming the correct moment for the solenoid dilutirg valves 
to be activated. Placing a pulse suppressor in the diluent line at the 
mixing block of the continuous filter eliminated surging which gave 
poor mixing of unfiltered sample and diluent. 


Standards, tablets, and tablet-wetting diluent are dispensed into 
the sample cups of the solid sampler 45 min. prior to homogeniza- 
tion. Complete dissolution of drug from the tablet is ensured by a 
combination of the 45-min. period and by the use of heated diluent 
in the homogenizing vessel of the solid sample. Delivery volumes of 
the six standards and one tablet-wetting pump were adjusted so 
that each pump filled ten 10-ml. volumetric flasks to the mark. 
Automatic addition of standards and manual pipeting gave equiva- 
lent results for steroids when analyzed by ADA. 


Table I gives results for six levels of various steroids, four of 
which require the use of diluting valves. The data are the result of 
10 replicate analyses with the automated system. The coefficients 
of variation ranged from 0.62% for prednisolone to 1.23X for 
hydrocortisone at concentrations-of 2.5 mg./lO ml. and 20.0 mg./ 
10.0 ml., respectively. a Blue tetrazolium. 
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Table 111-Statistical Results of Single Tablet Potency Assays 


Steroid/Tablet, Coefficient of 95 % Confidence 
Product Lot No. No. Tablet mg. Variation (%) Limits 


~~ ~ 


Fluprednisolone, 0.75 mg. 


Fluprednisolone, 1 S O  mg. 


Prednisolone, 2.5 mg. 


Prednisolone, 5.0 mg. 


Prednisone, 2.5 mg. 


Prednisone, 5.0 mg. 


Cortisone acetate, 5.0 mg. 


Cortisone acetate, 10.0 mg. 


Cortisone acetate, 25.0 mg. 


Hydrocortisone, 5 .O mg. 


Hydrocortisone, 10.0 mg. 


Hydrocortisone, 20.0 mg. 


Methylprednisolone, 2 .O mg. 


Methylprednisolone, 4 .0  mg. 


Methylprednisolone, 16 . O  mg. 


Fluoxymesterone, 1 . O  mg. 


Fluoxymesterone, 2 .0  mg. 


Fluoxymesterone, 5 .O mg. 


Fluoxymesterone, 10.0 mg. 


Medroxyprogesterone 
acetate, 2.5 mg. 


Medroxyprogesterone 
acetate, 10.0 mg. 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
80 
81 
82 


50 
50 
10 
10 
50 
50 
40 
25 
10 
10 
15 
20 
10 
24 
10 
10 
8 


11 
49 
25 
50 
50 
50 
41 
10 
50 
49 
50 
19 
18 
10 
10 
15 
15 
10 
10 
10 
10 
15 
15 
10 
10 


0.78 
0.85 
1.60 
1.58 
2.50 
2.50 
5.09 
5.01 
2.59 
2.57 
5.01 
5.10 
5.13 
5.06 


10.17 
9.41 


24.73 
24.30 


5.15 
5.02 


10.0 
9.94 


19.98 
20.32 


2.00 
2.02 
4.18 
4.12 


15.98 
16.23 
1.03 
1.05 
2.04 
2.13 
5.19 
5.14 
9.79 


10.05 
2.54 
2.58 
9.93 


10.11 


3.74 
2.88 
1.53 
3.01 
2.40 
2.22 
2.37 
2.27 
1.23 
1.70 
2.17 
1.74 
1.21 
1.85 
1.44 
3.13 
2.60 
2.53 
2.94 
1.99 
1.64 
1.83 
2.14 
2.63 
1.35 
1.29 
2.18 
2.00 
2.15 
1.77 
1.59 
0.92 
I .70 
2.92 
2.38 
1.89 
1.10 
2.80 
2.22 
1.80 
3.00 
1.32 


0.124.84 
0 . 8 M .  90 
1.55-1.65 
1.49-1.68 
2.38-2.62 
2.39-2.61 
4.85-3.3 3 
4.78-5.23 
2.52-2.65 
2.49-2.61 
4.85-5.30 
4.93-5.28 
5 .  ocr5 .25 
4.87-5.24 
9.88-10.47 
8.82-10.00 


23.45-26.02 
23.06-25.53 
4.85-5.45 
4.82-5.22 
9.67-10.33 
9.58-10.31 


19.12-20.83 
19.25-21.39 


1.94-2.05 
1 .97-2.08 
4.00-4.37 
3.95-4.28 


15.29-16.67 
15.66-16.81 


1 .00-1.07 
1.04-1.07 
1.97-2.10 
2.01-2.26 
4.95-5.44 
4.95-5.34 
9.57-10.00 
9.49-10.62 
2.43-2.65 
2.43-2.67 
9.34-10.53 
9.95-10.38 


Numerous individual steroid tablet assays were carried out with 
the automated UV system. Representative data of prednisone, 5 
mg., and methylprednisolone, 4 mg., are given in Table 11. Ap- 
proximately 50 tablets from each of 20 lots are shown with high 
and low tablets well within NF (9) and USP (10) limits for content 
uniformity (85-1 15 % of the average of specified tolerances). Blue 
tetrazolium assays of composite samples of pulverized tablets are 
also shown in Table 11. 


Table I11 gives statistical data for individual tablet assays, with 
the steroid content varying from 0.75 mg. fluprednisolone to 25 mg. 
cortisone acetate. Steroid content, coefficients of variation, and 95 
confidence limits were calculated for this series of tablets. Both 
production and assay precision determine the magnitude of the 
coefficient of variation and the spread of the 95 confidence limits. 
The highest coefficient of variation was 3.74z for 0.75 mg. flupred- 
nisolone; the lowest was 0.92% for 1.0 mg. fluoxymesterone. 


The tablet data of Tables I1 and 111 demonstrate the application 
of the automated system for unattended UV analysis of individual 
tablets. Changes only in manifold tubing and the addition or 
elimination of particular modules should permit the use of other end- 
point detection methods. 
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Influence of Dimethyl Sulfoxide on the Hemolytic 
Activity of Antimicrobial Preservatives I 


HOWARD C. ANSEL and GARY E. CABRE* 


Abstract 0 The influence of dimethyl sulfoxide (DMSO) on the 
hemolytic activity of various chemical types of antimicrobial 
preservatives has been investigated in vitro, using rabbit erythro- 
cytes. Irrespective of the chemical type of preservative, DMSO 
causes a depression in the hemolytic response of the erythrocytes 
to the preservative agents. This depression, which is greatest when 
the DMSO concentration is between 10 and Z O Z ,  is dependent 
upon preservative concentration and time. The degree of the 
hemolytic depression caused by the presence of DMSO is decreased 
with an increase in the concentration of the preservative agent or 
with an increase in the time of exposure. It was concluded that 
DMSO affects the rate of preservative-induced hemolysis, probably 
due to a cellular mechanism rather than to an extracellular pre- 
servative-DMSO chemical interaction. 


Keyphrases 0 Antimicrobial preservatives-hemolytic activity IJ 
Dimethyl sulfoxide effect-hemolytic activity, antimicrobial pre- 
servatives 0 Erythrocyte protection, hemolysisdimethyl sul- 
foxide 0 UV spectrophotometry-analysis 


In a previous communication (I), it was reported that 
dimethyl sulfoxide (DMSO) in concentrations up to 
about 20 increasingly depressed the hemolytic re- 
sponse of rabbit erythrocytes in uitro to phenol. At 
greater DMSO concentrations, hemolysis was increased 
from its depressed level with an increase in the concen- 
tration of DMSO, presumably due to the commence- 
ment of the hemolytic effects of the DMSO itself. 


The present study is an expansion of the previous 
work, undertaken to ascertain if the curious hemolytic 
profile obtained for combinations of DMSO and phenol 
is peculiar to that pair of agents or whether a similar 
alteration in the hemolytic response of erythrocytes to  
other chemical types of antimicrobial preservatives 
occurs in the presence of DMSO. This information 
would indicate the specificity or lack of specificity of 
the action of DMSO toward phenol-induced hemolysis 
and would help set the direction of subsequent studies 
aimed at  the mechanism of the action, since the data 
obtained would suggest either a cellular-based, general 
action of DMSO or a specific extracellular drug-drug 
interaction. 


The group of commonly employed antimicrobial 
preservatives selected for this study includes members 
representing the various chemical classes of preserva- 
tives and for which the individual hemolytic activities 
could be readily characterized and quantitated (2). 


EXPERIMENTAL 


Materials-The dimethyl sulfoxide and the antimicrobial pre- 
servatives employed in this investigation were reagent grade and 
were obtained commercially. 


Blood Samples-Rabbit blood, obtained by cardiac puncture 
and defibrinated in the manner previously described (3), was used 
throughout this investigation. Each blood sample was collected 
immediately prior to its use and was verified for osmotic normalcy 
during the course of each experiment (2). 
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Figure 1-Hemolytic activities of various preservative agents in 
0.6z  NaCl. Key: A, benzalkoniurn chloride; B, phenylmercuric 
nitrate; C, thimerosal; D,  chlorhexidine diacetate; E, p-chloro- 
phenol; F, chlorobutanol; G, m-cresol; H, phetiylethyl alcohol: 
I, phenol; and I, benzyl alcohol. 


Quantitative Determination of Percent Hemolysis-The colori- 
metric method employed for the determination of the degree of 
hemolysis occurring in each test solution has recently been de- 
scribed (2). In brief, it involved the addition of 0.05 ml. of de- 
fibrinated blood to  duplicate pairs of colorirneter tubes, each con- 
taining 5 ml. of test solution. The test mixtures were incubated in a 
water bath for 45 min. (except where noted) at 37" after which the 
unhemolyzed cells were settled by centrifugation and the absorbance 
readings of the hemolysate determined with a Klett-Summerson 
photoelectric colorirneter. Each absorbance reading was compared 
with a total hemolysis reading obtained by laking red cells in distilled 
water. The degree of hemolysis occurring in each test solution was 
calculated as a percent of total hemolysis. The data reported repre- 
sent the average of a minimum of two, but usually four, like experi- 
ments. During and after the incubation period, each test mixture was 
macroscopically observed for color changes, precipitation, and other 
signs of denaturation. 


Experimental Solutions-Aqueous solutions were employed 
throughout the investigation. In determining the hemolytic activity 
of each of the test solutions, 0.6% sodium chloride was added as an 
extracellular agent to protect the erythrocytes from simple osmotic 
hemolysis (1). Thus, any hemolysis occurring in the test solutions 
could be attributed to the activity of the antimicrobial preservative 
and/or DMSO. Appropriate control solutions were processed con- 
currently with the experimental solutions throughout the investiga- 
tion (1, 2). 


In order to assess the influence of DMSO on the hemolytic 
activity of the various antimicrobial preservatives, it was initially 
desirable to use concentration levels of the preservatives in the test 
solutions which would normally exert an intermediate (approxi- 
mately 50%) degree of hemolysis in the absence of DMSO. Once 
the upward or downward influence of DMSO on hemolysis was 
established, the level of antimicrobial agent in the test solution was 
adjusted accordingly to permit the collection of the widest range of 
data. 


Kinetic Studies-The general experimental design of the research 
series is such that the degree of hemolysis is determined after a 
constant 45-min. incubation period. In the current project the 
hemolytic activities of certain representative test solutions were also 
determined at incubation intervals of from 5 to 20 min., during 
periods up to 120 min. 


Spectral Studies-Three preservatives which are diverse in 
chemical structure, benzalkonium chloride, chlorhexidine di- 
acetate, and m-cresol, were subjected to spectral examination 
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Table I-Molar Concentrations of Preservatives Causing 10 %, 
SO%, and 100% Hemolysis of Rabbit Erythrocytes In 
Vitro in the Presence of 0.6% Sodium Chloride 


Preservative 


Phenol 
Benzyl alcohol 
Phenylethyl alcohol 
m-Cresol 
Chlorobutanol 
p-Chlorophenol 
Thimerosal 
Chlorhexidine (Ac), 
Benzalkonium C1 
Phenylmercuric NOr 


Molar Concn. of Preservative Causing 
Hemolysisa- 


10 % 50 z 100% 


4.3 X 4.6 X 5.0 X 
3.8 X 6.3 X 7.0 X lW2 
3.5 X 1 0 - 2  4.6 X 4.9  X lo-* 
1.7 X 10-2 1.8 X 1.9 X 
1.6 X 1.7 X lo-* 1.8 X lo-* 


6.8 X 1W6 


4.2 X 1 C 6  
4.7 x 10-6 


6.2 x 10-3 8.0 x 10-3 9.2 x 10-3 


1.9 x 10-4 
4.8 X 10-6 


2.2 x 10-6 
7.9 X 10-6 


6.1 X 10-6 


3.3 x 10-6 
3.1 X 10-6 


3.2 x 1 0 - 6  1.1 x 10-4 


a Data are the average of a minimum of two, but usually four, separate 
determinations conducted at 37" for 45 min. 


alone and in combination with DMSO in order to detect evidence 
of chemical interaction. Such interaction could account for the 
decrease in hemolytic activity by the preservatives upon the addition 
of DMSO. 


A Perkin-Elmer 212 and a Beckman DU spectrophotometer were 
employed in this study, and the peak absorbance for each preserva- 
tive was determined at 282, 256, and 272 mfi, respectively, for 
benzalkonium chloride, chlorhexidine diacetate, and m-cresol. 
Dimethyl sulfoxide exhibited no absorbance above 250 mp and thus 
in combination with the preservatives was noninterfering with the 
determinations of preservative concentrations. Reference cells were 
appropriately prepared for each experiment. 


RESULTS AND DISCUSSION 


Hemolytic Activity of the Antimicrobial Preservatives-The 
hemolytic activities of the antimicrobial preservatives employed 
in this study are depicted in Fig. 1 and summarized in Table I. 
The data were collected for solutions of preservatives in 0.6% sodium 
chloride and compare well with the hemolytic data obtained pre- 
viously for certain of the preservatives in 0.9% sodium chloride 
(2). By reducing the level of sodium chloride in the present study, 
dissolution of the various preservative agents was enhanced and yet 
the tonicity of the solution was maintained at a level sufficient to 
protect the erythrocytes from simple osmotic hemolysis. 


The individual hemolysis curves for the preservatives not only 
indicate the relative hemolytic potency of these agents, but they also 
provided the means by which the appropriate (intermediate or near- 
totally hemolytic) concentrations of the preservatives were selected 
for study in combination with DMSO to determine the influence of 
the latter agent. Thus, for each preservative, the strength which 
caused an intermediate degree of hemolysis (approximately 50 %) 
was combined in initial experiments with various amounts of DMSO 
to determine whether the latter agent promoted a decrease or an 
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Figure 2-Influence of DMSO on the hemolytic activity of m-cresol 
and p-chlorophenol in the presence of 0.6% NaCI. Key: , 1.8 X 
IF2 M m-cresol; and 0,8.0 X M p-chlorophenol. 
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Figure >Influence of DMSO on the hemolytic activity of phenyl- 
ethyl alcohol and benzyl alcohol in the presence of 0.6% NaCI. 
Key: @, 5.0 X IF2 M phenylethyl alcohol; and 0, 7.0 X 
M benzyl alcohol. 


increase in the degree of hemolysis compared to the preservative- 
saline control solution. It was found, in each instance, that the 
presence of increasing amounts of DMSO to approximately 10-20x 
caused a progressive decrease in the degree of hemolysis for each 
preservative agent within the 45-min. period of each experiment. 
Thus, the studies were continued using an amount of preservative 
inducing a greater degree of hemolysis ( 8 0 - 1 0 0 ~ )  so that the influ- 
ence of DMSO in reducing hemolysis could be followed over a 
more extensive course. 


Influence of DMSO on Preservative-Induced Hemol ysis-Figures 
2 through 5 depict the influence of DMSO on the hemolytic ac- 
tivities of various preservative agents. It is interesting to note that in 
each instance hemolysis is dramatically decreased, and indeed 
almost prevented, as the DMSO level is increased to between 10 
and 20%, irrespective of the chemical type of preservative and its 
effective hemolytic concentration. 


Figures 2 through 5 show that as the level of DMSO is increased 
beyond that amount which induces optimum retardation of hemol- 
ysis, hemolysis is increased and may be quantitated until denatura- 
tion of the blood occurs at DMSO concentrations of about 30%. 
It has been previously shown (1) that DMSO in the presence of 
0.6 sodium chloride induces a hemolytic response in erythrocytes 
at DMSO levels of 25 % and causes increased hemolysis with increas- 
ing concentrations of DMSO until denaturation occurs at approxi- 
mately 50x DMSO levels. Thus, it would seem as though the 
portions of the curves in Figs. 2 through 5 beyond the areas of 
optimum depression reflect the combined cytotoxic activities of 
DMSO and the preservatives on the red blood cells, with the high 
concentrations of DMSO being too destructive to lend further 
any protective influence to the erythrocytes against preservative- 
induced hemolysis. 


The deleterious effects of high levels of DMSO on blood are 
observed as amber-brown discoloration of the extracellular liquid, 
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Figure &Influence of DMSO on the hemolytic activity of 1.8 X 
1 6 2  M chlorobrrtanol in the presence of 0.6% NaCI. 
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Figure 5-Influence of DMSO on the hemolytic activity of phenyl- 
mercuric nitrate and thimerosal in the presence of 0.6% NaCI. 
Key: @, 3.1 X M phenylmercuric nitrate: and 0, 6.1 x 10-6 
M thimerosal. 


the flocculation of the blood’s components, and the precipitation of 
the hemoglobin from laked erythrocytes. Huggins (4) reported on 
his observations of the interaction between DMSO and human 
plasma proteins, noting that true denaturation of plasma protein 
seems to occur at DMSO concentrations approximating 50%. He 
stated that precipitation of protein by DMSO occurred with indi- 
vidual plasma fractions-albumin, fibrinogen, gamma globulin- 
and appears to be a general effect rather than denaturation of a 
specific plasma component. 


At the time it was reported (1)  that DMSO interfered with the 
hemolytic activity of phenol, it was suggested that such an effect 
might be due to either an extracellular interaction between the two 
chemical agents, or due to some cellular action of DMSO which 
retards the ability of phenol to exert its cytotoxic activity. 


Since the present work demonstrates that greatly different molar 
concentrations of the various chemical types of preservative agents 
are hindered in their effort to destroy the integrity of the erythrocyte 
by a comparatively large and consistant level of DMSO, it would 
seem to suggest that the mode of this activity is cellular-based rather 
than by virtue of extracellular chemical interactions between DMSO 
and the preservative agents. This hypothesis was supported by the 
spectral analysis of combinations of DMSO with benzalkonium 
chloride, chlorhexidine diacetate, and m-cresol, which failed to 
indicate any sign of chemical association between DMSO and the 
preservatives. 


Influence of Preservative Concentration-Figure 6 depicts the 
pattern generally followed as DMSO is added in increasing amounts 
to various hemolytic concentrations of a preservative agent. It can 
be seen that the effectiveness of DMSO in causing a reduction in 
hemolysis is decreased as the concentration of preservative is in- 
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Figure I-Influence of DMSO on the hemolytic actiuity of chlor- 
hexidine diacetate. Key: , chlorliexidine diacetate in 0.6q7, NaCl; 
and 0, chlorhexidine diacetate in 0.6% NaCland 15 DMSO. 


creased. This pattern was found for the other preservatives studied, 
although in instances in which the range of concentration of pre- 
servative used was narrow (because of the slight difference in the 
quantity required to cause trace, intermediate, and total hemolysis) 
some of the data collected resulted in overlapping and crossing 
curves when plotted. 


Figure 7 shows the influence of 15% DMSO on the hemolytic 
activity of various concentrations of chlorhexidine diacetate. In 
the absence of DMSO, chlorhexidine diacetate induces trace hemol- 
ysis at 3.2 X M (20 mcg./ml.) concentration and total hemolysis 
at levels of 1.9 X M (120 mcg./ml.). Dimethyl sulfoxide is 
effective in keeping the level of hemolysis depressed at chlorhexidine 
diacetate concentrations below about 6.4 X M (400 mcg./ml.), 
but is ineffective at higher preservative levels. 


The data of Figs. 6 and 7 convincingly show that although 
DMSO is effective in depressing the level of hemolysis induced by 
low hemolytic levels of preservative agents, it is ineffective against 
preservative concentrations of great hemolytic potency. The differ- 
ence in the concentration of a preservative required to cause total 
hemolysis compared to that amount needed to cause trace hemolysis 
in the presence of DMSO does not seem to contribute to the molar 
strength sufficiently to suggest that the comparatively massive 
proportion of DMSO present would be any less able to associate in 
complexation with the greater amount than with the lower preserva- 
tive level. Thus, the data would seem to suggest that a cellular-based 
mechanism for the action of DMSO in preventing preservative- 
induced hemolysis is more likely than an extracellular drug-drug 
interaction mechanism. 


Kinetic Studies-In order to determine if the effect of DMSO in 
lowering the level of preservative-induced hemolysis was time- 
related, experiments were conducted using a constant preservative 
concentration and several levels of DMSO, with hemolytic activity 
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Figure 6-Influence of DMSO on the hemolytic activity of benzalkon- 
ium chloride in the presence of 0.6% NaCI. Key: A, 2.2 X M 
benzalkonium chloride; B, 3.3 X lP5 M benzalkonium chloride: 
C ,  4.2 X 1P6 M benzalkonium chloride: and D,  6.5 X 1F6 M 
benzalkonium chloride. 


20 40 60 80 100 120 
TIME, min. 


Figure 8-ZnJluence of time and DMSO on the hemolytic activity of 
benzalkonium chloride. Key: A, 3.3 X 1 W  M benzalkonium chloride 
in 0.6% NaCI: B, 3.3 X M benzalkonium chloride in 0.6% 
NaCl and 5% DMSO; and C ,  3.3 X M benzalkoninm chloride 
in 0.6% NaCland 15% DMSO. 
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determined at intervals of from 5 to 20 min. during periods up to  
120 min. 


As can be seen in Fig. 8, the addition of DMSO to solutions of 
3.3 X M benzalkonium chloride in saline slows the rate of 
hemolysis, with 15 concentrations of DMSO being more effective 
than 5 %  concentrations in this effort. Thus, whereas earlier data 
seemed to indicate that 15% DMSO actually had the ability to 
reduce or even prevent preservative-induced hemolysis, the present 
results show that it is a time-related phenomenon. The same pattern 
of data was obtained in experiments using DMSSphenol and 
DMSO-chlorhexidine diacetate systems. This would seem to rein- 
force the premise that DMSO exerts a cellular effect on the erythro- 
cyte which results in a reduction in the rate of preservative-induced 
hemolysis. 


Work soon to be reported from this laboratory shows that erythro- 
cytes take up DMSO from solution and resist attempts to remove it 
by washing. Gerhards and Gibian (5) found that in human blood 
about 3 0 z  of injected DMSO is bound to plasma protein and 25 
to the formed elements of the blood, the remainder remaining free. 
Thus, it is not unlikely that the attachment of DMSO to the erythro- 
cyte in some manner affects the vulnerability of the cell toward the 
preservative agents or alters the permeability barriers of the cell 
affecting the permeation of the preservative agents into the cell or 
the exit of hemoglobin from the cell. 


Spectral Studies-Preliminary studies of the UV absorption 
spectra of three preservatives, benzalkonium chloride, chlorhexi- 
dine diacetate, and m-cresol. alone and in combination with 
DMSO, were performed to indicate whether or not there is a 
likelihood of a chemical interaction between DMSO and the 
preservative agents. The preservatives and DMSO were studied at 
concentration combinations found to be most inhibitory on pre- 
servative-induced hemolysis during the present work. Preliminary 


Interaction of Amine Drugs with a 
Ion-Exchange Resin 


SAUL BORODKIN and MARTIN H. YUNKER 


Abstract 0 The interaction of polacrilin potassium, the salt of a 
polycarboxylic acid ion-exchange resin, with 11 amine drugs was 
studied. All drugs showed maximum interaction at pH 4.5-5.5. 
Tertiary amines exhibited a much greater affinity for the resin 
than primary, secondary, and quaternary amines. Selectivity coef- 
ficients were used to express the degree of interaction, with experi- 
ments showing that these values remain constant over wide varia- 
tions in resin, drug, and alkali metal concentrations. Rate studies 
demonstrated that both adsorption of drug onto the resin and 
elution from the resin are very rapid. The rapid elution rates, along 
with decreasing resin affinity for amine drugs above pH 6.0, in- 
dicate that the presence of polacrilin potassium in a dosage form 
should not affect total drug availability in the gastrointestinal 
tract. 


Keyphrases 0 Polacrilin potassium-interaction, amine drugs 
Amine drugs-interaction, polycarboxylic acid ion-exchange resin 
[7 Ion-exchange chromatography-separation [7 UV spectro- 
p hotometry-analysis 


The use of synthetic polycarboxylic ion-exchange 
resins in pharmacy and medicine has been quite exten- 
sive. Their use in congestive heart failure and edema 
(l), isolation and purification of streptomycin and 
other drugs (2), and analysis of drugs (3) is well docu- 


data suggest that complexes were not formed. However, more 
complete studies to rule out complex formation need yet to be made. 


In conclusion, the evidence collected more strongly suggests that 
DMSO interferes with the hemolytic activity of antimicrobial preser- 
vatives through a direct action on the erythrocyte or by alteration of 
its permeability barriers rather than by chemical interaction with the 
various preservative agents. Further, the degree of this interference 
is dependent upon the concentrations of both the preservative and 
DMSO and also upon the length of exposure to these agents. 
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Polycarboxylic Acid 


mented. Adsorbates of amine drugs with carboxylic 
ion-exchange resins for sustained release (4-7) and 
taste coverage (8) have been prepared, although to a 
lesser extent than complexes with sulfonic acid resins. 


Because of their unusually large swelling capacities, 
polymethacrylic carboxylic acid ion-exchange resins 
have found usage in pharmacy as tablet disintegrants. 
Van Abbe and Rees (9) reported on the effectiveness of 
polacrilin potassium' as a disintegrating agent, while a 
later patent (10) describes the use of a similar resin in the 
acidic form for the same purpose. Being cation ex- 
changers, however, these insoluble polymers have the 
capability of adsorbing amine drugs, thus possibly 
interfering with drug availability and assay. This po- 
tential incompatibility may have limited the use of these 
resins as tablet disintegrants to some extent. 


The present investigation was undertaken to study 
the interaction between amine drugs and polacrilin 
potassium. Eleven commonly used drugs were selected 
to include primary, secondary, tertiary, and quaternary 


'Amberlite IRP-88, Rohm and Haas Co., Philadelphia, Pa. Pre- 
viously sold as Amberlite XE-88. 
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Determination of Dialkyltriazenoimidazoles 
by Nonaqueous Titration 


PAUL D. STERNGLANZ 


Abstract 0 An analytical method for dialkyltriazenoimidazoles has 
been developed, It serves as a reliable purity check on these anti- 
cancer drugs whose effectiveness is a function of their purity. The 
method consists of titration in nonaqueous media with perchloric 
acid. The titrant, perchloric acid, is dissolved in a nitroethane- 
chlorobenzene mixture. Samples are dissolved in glacial acetic acid 
or in acetonitrile. Poor solubility of some of the compounds is 
overcome by the selection of an appropriate solvent system, chosen 
to give also optimum titration end-points. The electrode system 
consists of conventional glass and calomel electrodes. The method 
is directly applicable to the unstable 5(or 4)-[3,3-bis(2-chloroethyl)- 
l-triazeno]imidazole-4(or 5)-carboxamide, without interference by 
its transformation product, 1-(2-chloroethyl)-3-[5(or Qcarbamoyl- 
imidazol4(or 5)-yI]-u-triazolinium chloride, usually present in small 
amounts. 


Keyphrases Dialkyltriazenoimidazola-analysis Anticancer 
drugs-purity determination 0 Potentiometric nonaqueous titra- 
tion-analy sis 


Dialkyltriazenoimidazoles (1, 2) (1) exemplified by 
11-IV have shown much promise as useful chemo- 
therapeutic drugs (3-7). 5(or 4)-(3,3-Dimethyl-l-tri- 
azeno)imidazole-4(or 5)-carboxamide (11) is receiving 
clinical trial as an anticancer agent (8, 9). 5(or 4)-[3,3- 
Bis(Zchloroethyl)-l-triazeno]imidazole-4(or 5)-carbox- 
amide (IV) is highly active against experimental leu- 
kemia (4, 7), and methyl 5(or 4)-(3,3-dimethyl-l- 
triazeno)-imidazole-4(or 5)-carboxylate (111) has shown 
activity as both an antileukemic and an antimicrobial 
agent (5). For these reasons, a simple assay method that 
could be applied equally well to all three triazenoimid- 
azole derivatives, as well as to other derivatives of the 
general structure of I, would be potentially very useful. 
In addition, Compound IV is unstable at room tempera- 
ture, but it can be preserved for months at - 15 '. Its 
transformation product (V) has been assigned (1 0) 
the structure of a u-triazolinium salt formed by internal 
alkylation. Since the transformation product V has no 
demonstrated biological activity, it is important that 
its presence does not influence the assay of IV. 


A colorimetric method for dialkyltriazenoimidazoles 
in plasma and urine has been reported recently ( I  1). 
However, this method may not distinguish between IV 
and V and is less suitable as an assay method of solid 
samples. In contrast, the proposed method is applicable 
equally well to the three imidazole derivatives 11, 111, 
or IV; neither the transformation product V nor lactose, 
a formulating agent for oral administration, interferes. 
The method is based on a modification (12) of the non- 
aqueous titration of weak bases with perchloric acid. 


Solutions of Compounds I11 and IV are prepared in 
acetonitrile and of Compound I1 in glacial acetic acid, 
respectively, the choice being dictated by solubility. 
The titrant is perchloric acid dissolved in acetic acid 
or in a nitroethane-chlorobenzene mixture. Either 


titrant can be used for the titration of Compounds I1 
and 111. However, perchloric acid must be dissolved in 
a nitroethane-chlorobenzene mixture for the titration 
of Compound IV. This titrant, recently recommended 
by Huber (12), has not been applied to any extent in 
nonaqueous titrimetry. The special titrant was chosen 
because the presence of glacial acetic acid causes poor 
end-points in titrations of Compound IV and mixtures 
of 1V and V. 


0 0 


EXPERIMENTAL 


Apparatus-A Corning model 12 research pH meter (with ex- 
panded scale) was used with a Sargent/Jena combination electrode 
(E. H. Sargent, item S-30072-15 or miniature S-30070-10). The 
aqueous KC1 in the reference electrode compartment was replaced 
by 0.1 M LiCIOa in isopropanol. 


Preparation of Titrant (12)-Place about 500 ml. of nitroethane 
in a 1000-ml. volumetric flask; cool in an ice bath; and add 2.1 ml. 
perchloric acid (72% wlw) and then, dropwise, 5 ml. acetic an- 
hydride. Fill to the mark with chlorobenzene. Let stand over- 
night. Standardize against either potassium acid phthalate (National 
Bureau of Standards Sample No. 84) or against 1,3-diphenyl- 
guanidine (Standard Grade, G. F. Smith Chemical Co., Columbus, 
Ohio). 


Procedure-Use 0.05 to 0.07-mmole sample; dissolve 111 or IV 
in 15 to 20 ml. acetonitrile and I1 in 15 to 20 ml. glacial acetic acid. 
The compounds are only partially soluble but will dissolve com- 
pletely during titration under magnetic stirring. Titrate with stan- 
dard 0.025 N perchloric acid to the potentiometric end-point. 


The titrant is introduced from a 5-ml. buret with 0.01-ml. sub- 
divisions. 


If mixtures of Compound IV and lactose are analyzed, the sample 
size should be adjusted so that the lactose will not exceed 350 mg. 
Although the lactose is insoluble in acetonitrile and is not expected 
to interfere, amounts exceeding 350 mg. have been found to affect 
the electrode response adversely. 


RESULTS AND DISCUSSION 


Preliminary experiments had shown that the solubility of the 
imidazole derivatives in solvents suitable for titration was poor; 
for example, less than 0.1% of Compound IV dissolves in ace- 
tonitrile. This seemed to be an obstacle for a titration method but, 
fortunately, the undissolved particles of the imidazole derivatives 
go into solution while the stirred suspension is being titrated. 


Poorly soluble compounds are generally not assumed to be 
analyzable with the same precision and accuracy as those of good 
solubility because titration end-points are less distinct in dilute solu- 
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Table I-Assay of Triazenoimidazole Derivatives by 
Nonaqueous Titration 


Number 
of 


De& 
Purity Standard mina- 


Found Deviation tions 


Compound IIa 99.1 0.79 5 
Compound IIIa 99.7 0.20 5 
Compound IVb 96.8 0.55 5 


a Absence of impurities in Compounds I1 and I11 was confirmed by 
elemental analysis and TLC. Contamination of IV by V was found 
by direct determination of V; the amount of V ranged from 2.5 to 
4.2% (13).  


tion. However, Table I proves that the precision and accuracy of 
the proposed method are good. 


In Table I1 the analyses of synthetic mixtures of IV with lactose, 
and of IV with V and lactose, are shown. Comparison of the amount 
of Compound IV actually present (indicated in Column4) and found 
(indicated in Column 5 )  shows that neither lactose nor Compound 
V interferes in the analysis of IV. The weighed amount of IV (in 
Column 1) differs from the actual amount present (in Column 4) 
because IV contains an average amount of 3z transformation 
product V. 


Compounds 11, 111, and IV are weaker bases than imidazole 
(pKa’ = 7.20 for imidazolium ion in water) (14). The base-weaken- 
ing effect is attributed to the electronegativity of the triazeno and 
carboxamide or carboxylate groups. The bis(2-chloroethyl)triazeno 
group of Compound IV is much more base weakening than the 
dimethyltriazeno group of Compounds I1 and 111. 


Glacial acetic acid cannot be used in the titration of IV for two 
reasons: Compound IV is too weak a base and, therefore, poor 
titration breaks would be obtained and, furthermore, the transforma- 
tion product V, present as an impurity in IV, interferes. Bases too 
weak to be titratable in acetic acid often become titratable in acetic 
anhydride. This is the case with Compound IV, and good titration 
breaks are obtained; but acetic anhydride cannot be used in this 
particular analysis either, because the transformation product V 
would be simultaneously titrated with IV. 


In acetonitrile, the situation is different; Compound IV is suffi- 
ciently basic to be titratable (if acetic acid is absent) while the 
transformation product V remains neutral. Perchloric acid in 
acetonitrile would be a good titrant but it is unstable. Perchloric 
acid in acetic acid is very stable but causes poor end-points in the 
titration of IV. Perchloric acid in nitroethane-chlorobenzene gives 
the best results and is therefore used. 
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Uniformity of Distribution of Cyanocobalamin in 
Tablet Formulations 


R. J. NESSEL, H. M. APELIAN, and J. BLODINGER 


Abstract 0 Some of the distribution characteristics of three com- 
mercially available, protected cyanocobalamin forms were demon- 
strated in each of two vitamin formulations of dissimilar particle 
size. The incorporation of 57co cyanocobalamin into each of these 
protected forms permitted rapid, precise measurements of the dis- 
tribution on individual unit doses. Statistical analysis of the data 
confirmed the visual observations of improved distribution of the 
1 % gelatin product. 


Keyphrases 0 Cyanocobalamin-57Co-formulation distribution 0 
Distribution characteristics-cyanocobalamin-57Co in tablets 0 
Wet granulation, direct compression-cyanocobalamin-57Co dis- 
tribution comparison 0 Scintillometry-analysis 


Solids mixing has undergone a great deal of scrutiny 
during the past 20 years, with particular emphasis on 
rates and mechanisms of the mixing process and on 
equipment evaluation. 


Reviews on these subjects have been made by 
Weidenbaum (l), Jameson (2), Valentin (3), and 
Scarlett (4). Few workers, however, have published on 
the conditions, factors, and properties of the particles 
themselves or on the particulate system, especially 
those factors which influence uniform distribution of 
the active ingredient within a batch and thus affect 
accurate dosage within each unit dose. 


Train ( 5 ,  6) ,  in his review articles, considers such 
factors as particle bed dilation, induced forces, particu- 
late physical properties, and surface forces of particles 
and their effect on the results of a mixing operation. 


He states that particle bed dilation and induced forces 
are necessary to permit movement of the components 
in all directions, thus preventing (a) dead zones within 
a system, and ( b )  movement of aggregates as compound 
entities. In addition, such physical properties as particle 
size, shape, and density of the various components are 
key factors in obtaining a uniform mix without segrega- 
tion tendencies. 


The presence of surface-active forces causes aggrega- 
tion of particles which are difficult to disperse evenly 
throughout the other components during the normal 
mixing time. 


Rippie el al. (7-9) have investigated the properties 
which contribute to the mixing and unmixing of particu- 
late systems. 


The constantly increasing number of high-potency, 
low-dosage drugs being developed emphasizes the neces- 
sity for obtaining proper distribution of particles within 
a batch. 


One of the most potent products of this type in wide 
use today is cyanocobalamin (vitamin B-12), which is 
marketed in several protected forms so as to prevent 
instability of the cyanocobalamin in the presence of 


Table I-Mesh Distribution of Vitamin Formulations 


Wet 
Mesh Granulated, Dry Blend, 


On 16 
On 20 
On 30 
On 40 
On 60 
On 80 
On 1 0 0  
On 140 
On 200 
On 325 
Passes 325 


- 4 . 8  
13.4 - 
11.2 
10.3 
20.6 


3 .9  
7 . 6  


0 . 6  
5 . 4  


1 5 . 8  
12.1 
7 . 6  


1 3 . 3  8 .0  
10.0 
3 .7  
1 .2  


11.6 
6 . 9  


32.0 
__ ___ 
100.0 100.0 


certain other active components or their degradation 
products. The quantity of protected vitamin B-12 neces- 
sary to provide the required potency-per-unit dose is 
extremely low and is usually in the range of 0.05 to 
0.15 


The purpose of this investigation is to  compare some 
of the distribution properties of three commercially 
available, protected forms of vitamin B-12. These prop- 
erties are examined in multiple vitamin formulations 
prepared by wet granulation and by direct compression 
methods. 


Presently, there are three methods of assay available 
for vitamin B-12 in multicomponent tablets: micro- 
biological (lo), radiotracer (1 l), and cyanide measure- 
ment (12). 


These methods, although valid, do not present a 
precise picture of the distribution of the vitamin in the 
final dosage, since the sample required is in excess of a 
single dose. 


The tracer method requires a sample size sufficient to 
contain 200 to  400 mcg. of the vitamin, thus encom- 
passing as many as 400 dosage units. The result, there- 
fore, is an average potency-per-unit dose. 


The microbiological procedure, although not as 
precise as the previous method, requires a minimum of 
five doses for proper sampling. Thus, as with the tracer 


in relation to  the total batch. 


Table 11-Blender Sampling 


Counts/min./mg.' 
1 in Gelatin 1 Resinate 0.1 in Gelatin 
WGb DBc WG DB WG DB 


Topright 15.67 12.11 20.02 13.82 21.12 12.42 
Top left 16.91 11.98 20.09 13.05 22.16 12.45 
Bottom 16.54 11.94 19.38 13.71 20.82 11.88 


a Conversion based on sample weight. * Wet granulation. c Dry blend. 
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Table 111-Distribution of Vitamin B-12 Forms in Wet Granulated Formulation 


--- _____ Counts Per Minute Per Milligram of Tablet Weight -- 
7 - , ~ _ _ _ _  Endo __-___ - Beginning ____ - <  Middlea- 


1 Gelatin 1 % Resinate 0.1 % in Gel. 1 z Gelatin 1 z Resinate 0.1 z in Gel. I Gelatin 1 % Resinate 0.1 % in Gel. 
~~ 


15.19 
14.95 
14.88 
14.80 
14.91 
15.25 
15.54 
14.71 
14.94 
15.31 
15.24 
15.29 
15.08 
14.98 
15.02 
15.23 
15.66 
14.99 
1 5 . 0 0  
15.23 


~~ 


18.10 
17.68 
17.55 
17.90 
17.57 
18.35 
17.07 
17.79 
18.50 
17.28 
17.67 
17.49 
18.00 
17.83 
18.15 
16.82 
18.71 
17.81 
17.51 
18.02 


~ ~~ 


17.05 13.14 
17 74 13.40 
17.37 13.21 
16.51 13.38 
16.71 13.14 
16.91 13.33 
16.86 13.54 
17.21 12.81 
17.35 12.97 
16.57 13.22 
16.72 13.61 
17.25 13.30 
17.07 13.47 
16.94 13.09 
16.51 13.51 
15.85 13.42 
16.86 13.39 
17.02 13.23 
16.77 13.13 
17.40 13.14 


16.69 
15.87 
16.79 
16.16 
17.27 
16.93 
17.22 
15.92 
16.02 
16.12 
16.66 
16.66 
16.32 
17.03 
16.64 
16.63 
16.69 
16.62 
16.57 
16.93 


14.65 
15.18 
14.37 
14.36 
14.58 
14.71 
14.20 
14.62 
14.97 
14.65 
14.69 
14.42 
14.57 
14.86 
14.29 
14.70 
14.57 
14.46 
14.77 
15.08 


~~~~ 


12.41 15.64 
12.64 15 30 ~~ 


i 2 .79  15.64 
13.01 14.94 
12.73 15.33 
12.42 15.29 
12.56 15.34 
12.46 16.11 
12.66 15.59 
12.61 1 5 . 0 0  
12.94 15.38 
13.01 15.83 
12.46 14.19 
12.71 14.49 
i 2 . 7 i  i 4 . 8  
12.60 15.95 
12.30 15.21 
12.70 15.21 
12.89 16.17 
12.59 15.91 


~ 


13.74 
13.93 
13.91 
14.26 
14.16 
14.87 
14.29 
13.96 
14.44 
14.97 
14.38 
14.43 
13.92 
14.66 
14.08 
13.99 
14.27 
14.00 
14.83 
13.96 


Portion of compression cycle. 


method, only an average potency-per-dosage unit is 
obtained. 


The cyanide measurement method, while being one 
of the most sensitive chemical methods for cyano- 
cobalamin, is not specific because other nonvitamin 
materials may also liberate trace amounts of cyanide. 


Although the last two procedures could be adapted 
to single tablet assays, the time required for each deter- 
mination is excessive. 


For this study, the protected cyanocobalamin forms 
were radioactively labeled, permitting rapid, precise 
measurements of the vitamin B-12 content on a unit 
dose. 


EXPERIMENTAL 


Preparation of Radioactive Materials-Cyan~cobalamin-~~Co 
solution, USP,'equivalent to 50 and 500 pc., respectively, of radio- 
activity wasusedin thepreparationofthe0.1 %land 1 %3cyanocobal- 
amin in gelatin products by adding it to the solution prior to the 
drying process. 


Commercially available 1 cyanocobalamin on resin4 was 
slurried for 8 hr. with USP 57C0 cyanocobalamin solution, equiva- 
lent to 500 pc. of the radioactive compound, and dried overnight at 
40" in a circulating air oven. The dried powder was passed through 
an 80-mesh standard sieve to break up any soft agglomerates which 
formed. Mesh analysis performed before and after labeling revealed 
that no change in particle size was evident. 


Preparation of Basic Formulations-The distributive properties of 
the cyanocobalamin forms were studied in each of two vitamin 
formulations: (a )  a granulated formula, prepared by wet granulation 
procedures, representing a formulation having diversified particle 
size; (h)  a dry blend, directly compressible, representing a formula- 
tion of materials in the fine-particle-size range. 


The mesh distribution of each of the formulations is shown in 
Table I. 


Mixing Evaluation-The procedure for blending the labeled com- 
pounds varied only with respect to the premix step. 


In the case of the granulation, 85 g. of finer-than-80-mesh material 
was removed by screening. The radioactive material was added to 


1 Merck & Co., Inc., Rahway, N. J. 
* 0.1 % cyanocobalamin in gelatin, Merck & Co., Inc., Rahway, N. J. 


4 Stablets, Type I, Chas. Pfizer & Co., Inc., New York, N. Y. 
Stabicote, Merck & Co., Inc., Rahway, N. J. 


the fines, coarsely blended, passed through a &mesh screen, and 
reblended for 5 min. in a rotating bottle. 


The premix for the direct compression formulation was prepared 
by coarsely blending the labeled material with 95 g. of the mixture 
containing vitamins and diluents normally added after a milling 
operation, passing this blend through a 30-mesh screen, and re- 
blending for 5 min. in a rotating bottle. 


Final blending of all formulations was accomplished by adding 
the premix to approximately half of the material in a Twin Shell 
blender,6 blending for 5 min., adding the remainder of the formula, 
and blending an additional 10 min. 


Samples equivalent to the theoretical tablet weight were then 
removed for counting from the top and bottom sections of the 
blender to determine the efficiency of the operation. 


Each formulation was compressed on a Rotary B-2 tableting 
machine6 at a maximum speed of 700 tablets per minute. 


Once the theoretical tablet weight was attained, samples were 
removed from the beginning, middle, and end of the tableting run. 
Twenty tablets were selected at random from each of the three 
samples and individually weighed on a single-pan Mettler balance. 


All radioactivity counts were made on a Model SC 530 gamma 
~pectrometer.~ 


RESULTS AND DISCUSSION 


The quantities of radioactivity were utilized in the preparation of 
the labeled forms to provide a minimum of 5000 counts per minute 
when 5 mcg., plus a 10% excess of cyanocobalamin, were incor- 
porated per tablet. 


The degree of mixedness of each of the formulations prior to 
compression, as shown in Table 11, reflects satisfactory blending in 
all cases. 


A radioactive count was performed on tablet samples before and 
after disintegration in water to ascertain counting efficiency in the 
dry state as opposed to the wet state. Since the radioactivity count 
on both samples varied by less than I % ,  all future counts were 
made on intact tablets. Each sample counted in duplicate for 1 min. 
yielded 6000-7500 counts, with a 10-min. background count of 
1OOO. The average count was corrected for background interference 
and converted to counts per minute per milligram of tablet weight 
to provide an accurate determination of the distribution of the 
vitamin B-12 form on a unit weight basis. The results are show& 
Tables 111 and IV. 


Patterson-Kelly, E. Stroudsburg, Pa. 


Tracer-Lab, Division of Laboratory for Electronics, Inc., WaItham, 
6 Stokes Division, Pennsalt Chemical Co., Warminster, Pa. 


Mass. 
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Table IV-Distribution of Vitamin B-12 Forms in Dry Blend Formulation 


Counts Per Minute Per Milligram of Tablet Weight 7 


Enda - Beginning0 7 1  Middlea 7 ,  


1 Gelatin 1 % Resinate 0.1 % in Gel. 1 %  Gelatin 1 % Resinate 0.1 % in Gel. 1 % Gelatin 1 % Resinate 0.1 % in Gel. 


11.87 13.85 13.81 12.14 14 05 13-69 12-10 13.61 13.68 ~ ~ . - .. 


11.79 i4.86 13.66 12.13 13.23 13.64 12.34 i3.91 13.92 
12.13 13.84 13.74 12.21 13.85 13.89 12.00 13.44 13.85 
11.84 13.53 13.89 11.62 14.38 13.83 12.51 13.69 14.03 
12.07 13.92 13.79 11.84 14.19 13.92 12.14 13.26 13.87 
11.82 13.79 13.74 11.82 13.84 13.66 12.28 13.64 13.96 
11.76 
12.05 
11.87 
12.17 
12.03 
12.13 
12.07 
12.30 
11.77 
12.28 
12.19 


14.35 
14.02 
13.20 
13.66 
14.52 
13.93 
13.69 
13.94 
13.78 
13.96 
14.52 


13.78 
13.61 
13.71 
13.61 
13.64 
13.90 
13.81 
13.64 
13.61 
13.67 
13.73 


11.89 
12.46 
11.99 
12.00 
12.11 
11.94 
12.12 
12.21 
11.91 
11.92 
12.27 


13.92 
14.12 
13.80 
13.43 
13.54 
13.10 
13.56 
14.36 
14.47 
14.37 
13.85 


13.54 
14.00 
13.72 
13.78 
13.72 
13.69 
13.79 
13.67 
13.99 
13.78 
13.69 


~~ ~ 


12.03 
11.90 
12.31 
12.04 
12.14 
12.10 
12.11 
12.22 
11.87 
12.04 
11.94 


13.41 
13.86 
14.08 
14.23 
13.44 
14.03 
13.69 
13.48 
14.50 
13.40 
13.48 


13.81 
13.80 
14.02 
13.72 
14.03 
13.75 
13.94 
13.72 
13.82 
13.99 
13.85 


12.03 13.57 13.83 11 85 14.10 13.94 11 -87 14.08 13.84 
12.00 
11.87 


13.61 
13.41 


~ 


13.51 
13.52 


~~ 


11.95 
11.97 


i4.09 
13.34 


13.85 
13.73 


i 2 . i i  
12.11 


i3.67 
13.88 


13.88 
13.93 


Portion of compression cycle. 


Table V-Variances by Formulation by Position in Batch 


Position 1 % Gelatin 1 % Resinate 0.1 Gelatin 


Wet Granulated Formulation 
Beginning 0.0573 0.2129 0.1709 
Middle 0.0408 0.1653 0.0655 
End 0.0398 0.2737 0.1275 


Dry Blend Formulation 
Beginning 0.0287 0.1640 0.0127 
Middle 0.0363 0.1637 0.0158 
End 0.0270 0.1060 0.0120 


The variances by formulation and position in batch were cal- 
culated from the data and are shown in Table V. The analysis of 
variance for each formulation was made on the logarithms of the 
individual cell variance and is shown in Table VI. Statistically 
significant differences in variation were exhibited between formula- 
tions. These differences in variability were of such high levels of 
significance that individual F ratios were computed for the three 
types of formulations. In all cases, the difference in variability 
between the 1 % gelatin products and the 1 % resin adsorbate was 
more statistically significant than that between the 1 % and the 0.1 % 
gelatin products. 


The significantly lower variability of the 0.1 2 product, as com- 
pared to the 1% gelatin form in the dry mix formulation, may 
probably be attributed to  a dilution effect caused by the tenfold 
increase in quantity required to obtain the same potency. This may 
also be true for the significantly lower variability in both formula- 
tions obtained for the 0.1 % gelatin product, as compared to the 1 
resinate. Table VII depicts the significance levels of the F ratios. 
These were computed from the ratios of the variances shown in 
Table V. 


Table VI-Analysis-of-variance Calculations on  the Logarithms 
of the Variances 


Source of Variation DF SS MS F 


Wet Granulated Formulation 
Position of batch 2 0.08139 0.04069 3.30 
Formulation 2 0.68376 0.34188 25.65 
Pos. X form. 4 0.04932 0.01233 
Total 8 0.81447 


Dry Blend Formulation 
Position of batch 2 0.03191 0.01595 7.03 
Formulation 2 1.62227 0.81113 238.22 
Pos. X form. 4 0.00911 0.00227 
Total 8 1.66329 


Table VII-Significance Levels of F Ratios 


1 ’Z Gelatin 1 ’Z Gelatin 0.1 ’Z Gelatin 


Posit ion 


,” ,” I I  


us. 1 % us. 0.1 % us. 1 z 
Resinate Gelatin Resinate 


Wet Granulated Formulation 
Beginning 99.5% 97.5% <75.0% 


End 99.9% 99.0% 95.0% 
Middle 99.59;: 90.0% 97.5% 


Dry Blend Formulation 
Beginning 99.9% 95.0% 
Middle 99.9% 95.0% 
End 99.5% 97.5% 


99.9% 
99.9% 
99.9% 


It is interesting to note that in comparing the actual variances for 
both 1 %  products, the individual position values for the resin 
product were about 4 to 7 times greater than those for the gelatin 
product. 


SUMMARY AND CONCLUSIONS 


Three commercially available protected vitamin B-12 products 
were labeled with 67C0 cyanocobalamin. Each was then blended 
with both a granulated and a dry mix vitamin formulation and 
compressed into tablets. 


The distribution characteristics for each form were evaluated by 
measuring the radioactivity of individual tablets obtained from 
different portions of the compression run. 


Statistical analysis of the data showed that in all cases, variations 
in 57C0 labeled cyanocobalamin content throughout both formula- 
tions were significantly lower for the 1 % gelatin product than for 
the resin product, indicating that it distributes more uniformly in 
tablet formulations. 


gelatin 
form was also less than its 0.1 % counterpart. For the dry blend, 
however, the variation in the 0.1 % product was lower, although 
the difference was less significant than that found when the two 
1 % products were compared. A significantly lower variability was 
also evident in both formulations for the 0.1 % gelatin product, as 
compared to the 1 % resinate. 


These latter results may possibly be attributed to the fact that 
the quantity requirement of the 0.1 % product is 10 times that of the 
1 % material. 


For the granulated formulation, the variation of the 1 
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Metabolic Fate of 2,3,5-Triiodobenzoic Acid in Laying Hens 


SUSAN G. ROWLES, GORDON S. BORN, JOHN E. CHRISTIAN, and WAYNE V. KESSLER 


Abstract IJ The whole body retention, distribution, and metabolism 
of ~arboxyl-~C-labeled 2,3,5-triiodobenzoic acid (TIBA*) were 
studied in five laying hens. A single oral dose of TIBA* showed a 
22-hr. biological half-life. No organ concentration of TIBA* was 
noted. TIBA* and seven labeled metabolites were found in excreta 
collected 6 to 12 hr. after the dose, with TIBA* representing the 
major end product. TIBA* and four labeled metabolites were 
detected in excreta collected during the 78 to 90-hr. interval; the 
metabolites occurred in greater proportion than did TIBA* in this 
sample. 


Keyphrases 0 2,3,5-Triiodobenzoic acid (TIBA), ~arboxyl-~~C- 
labeled-metabolic fate 0 Distribution, metabolism, whole body 
retention-TIBA, ~arboxyl-~~C-labeled 0 Metabolites-TJBA, 
~arboxyl-~~C-labeled Thick-layer chromatography-separation, 
identification 


Greer and Anderson (1) reported that treatment of 
soybean plants with 2,3,5-triiodobenzoic acid (TIBA) 
at the beginning of flowering resulted in an increased 
seed yield due to two major types of effects. Their 
studies showed that TIBA caused the plants to change 
from vegetative to reproductive development more 
rapidly and also caused morphological changes which 
permitted more efficient utilization of sunlight by the 
plants. Since a residue of TIBA remains in soybeans 
grown from treated plants (2), the potential environ- 
mental health hazard of TIBA should be investigated 
prior to the general usage of the compound in agricul- 
ture. For this reason, a study of the retention, distribu- 
tion, and metabolism of TIBA in laying hens was of 
interest. 


Ice et al. (3, 4) employed TIBA labeled with 1311 in 
Position 2 (TI*BA) for metabolism studies in rats and 
lactating animals. In both studies, a significant thyroid 
concentration of 1311 was noted, and metabolism by 


deiodination was indicated. In rats and in lactating 
animals, the whole body retention of TI*BA was 
characterized by a two-component system. 


Ware and Barker ( 5 )  administered carboxyl- 14C- 
labeled TIBA (TIBA”) orally to rats and found TIBA* 
and/or its labeled metabolites in all organs analyzed. 
Excretion of the compound was primarily through the 
urine, in which both TIBA and 2,5-diiodobenzoic acid 
were detected. 


The metabolism of TIBA by chickens was investi- 
gated by Barker et al. (6) who employed TIBA labeled 
with lZsI in Positions 3 and 5. They found that 90% 
of the orally administered radioactivity was excreted 
within 48 hr. and that TIBA and 2,5-diiodobenzoic acid 
were present in the excreta. The same investigators 
dosed chickens and pigs with unlabeled TIBA and de- 
tected, by using gas chromatography, the presence of 
TIBA, 2,s-diiodobenzoic acid, and 3,5-diiodobenzoic 
acid in the chicken brains and in the thyroids of both 
chickens and pigs. 


EXPERIMENTAL 


Administration of TIBA*-Carb~xyl-~~C-labeled TIBA (TIBA*) 
was available from the work reported by Spitznagle (2) and was 
purified immediately prior to use in this study by a method similar 
to that reported by Jarboe (7). An ethanolic solution of the impure 
TIBA* was applied to thick-layer plates (1.0 mm.) of purified 
silica gel1 which were then developed three times each (12 cm. per 
development) in petroleum ether (30 to 60” fraction)-propionic 
acid (10: 1 v/v) (8). The silica containing the pure TIBA*, located 
on the chromatograms by autoradiography, was removed from the 
plates and extracted with anhydrous ethyl ether, using a continuous 
extraction apparatus. The ether was allowed to evaporate at room 


1 Adsorbosil-1 with 10 % binder, Applied Science Laboratories, 
State College, Pa. 
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determined at intervals of from 5 to 20 min. during periods up to  
120 min. 


As can be seen in Fig. 8, the addition of DMSO to solutions of 
3.3 X M benzalkonium chloride in saline slows the rate of 
hemolysis, with 15 concentrations of DMSO being more effective 
than 5 %  concentrations in this effort. Thus, whereas earlier data 
seemed to indicate that 15% DMSO actually had the ability to 
reduce or even prevent preservative-induced hemolysis, the present 
results show that it is a time-related phenomenon. The same pattern 
of data was obtained in experiments using DMSSphenol and 
DMSO-chlorhexidine diacetate systems. This would seem to rein- 
force the premise that DMSO exerts a cellular effect on the erythro- 
cyte which results in a reduction in the rate of preservative-induced 
hemolysis. 


Work soon to be reported from this laboratory shows that erythro- 
cytes take up DMSO from solution and resist attempts to remove it 
by washing. Gerhards and Gibian (5) found that in human blood 
about 3 0 z  of injected DMSO is bound to plasma protein and 25 
to the formed elements of the blood, the remainder remaining free. 
Thus, it is not unlikely that the attachment of DMSO to the erythro- 
cyte in some manner affects the vulnerability of the cell toward the 
preservative agents or alters the permeability barriers of the cell 
affecting the permeation of the preservative agents into the cell or 
the exit of hemoglobin from the cell. 


Spectral Studies-Preliminary studies of the UV absorption 
spectra of three preservatives, benzalkonium chloride, chlorhexi- 
dine diacetate, and m-cresol. alone and in combination with 
DMSO, were performed to indicate whether or not there is a 
likelihood of a chemical interaction between DMSO and the 
preservative agents. The preservatives and DMSO were studied at 
concentration combinations found to be most inhibitory on pre- 
servative-induced hemolysis during the present work. Preliminary 


Interaction of Amine Drugs with a 
Ion-Exchange Resin 


SAUL BORODKIN and MARTIN H. YUNKER 


Abstract 0 The interaction of polacrilin potassium, the salt of a 
polycarboxylic acid ion-exchange resin, with 11 amine drugs was 
studied. All drugs showed maximum interaction at pH 4.5-5.5. 
Tertiary amines exhibited a much greater affinity for the resin 
than primary, secondary, and quaternary amines. Selectivity coef- 
ficients were used to express the degree of interaction, with experi- 
ments showing that these values remain constant over wide varia- 
tions in resin, drug, and alkali metal concentrations. Rate studies 
demonstrated that both adsorption of drug onto the resin and 
elution from the resin are very rapid. The rapid elution rates, along 
with decreasing resin affinity for amine drugs above pH 6.0, in- 
dicate that the presence of polacrilin potassium in a dosage form 
should not affect total drug availability in the gastrointestinal 
tract. 


Keyphrases 0 Polacrilin potassium-interaction, amine drugs 
Amine drugs-interaction, polycarboxylic acid ion-exchange resin 
[7 Ion-exchange chromatography-separation [7 UV spectro- 
p hotometry-analysis 


The use of synthetic polycarboxylic ion-exchange 
resins in pharmacy and medicine has been quite exten- 
sive. Their use in congestive heart failure and edema 
(l), isolation and purification of streptomycin and 
other drugs (2), and analysis of drugs (3) is well docu- 


data suggest that complexes were not formed. However, more 
complete studies to rule out complex formation need yet to be made. 


In conclusion, the evidence collected more strongly suggests that 
DMSO interferes with the hemolytic activity of antimicrobial preser- 
vatives through a direct action on the erythrocyte or by alteration of 
its permeability barriers rather than by chemical interaction with the 
various preservative agents. Further, the degree of this interference 
is dependent upon the concentrations of both the preservative and 
DMSO and also upon the length of exposure to these agents. 
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Polycarboxylic Acid 


mented. Adsorbates of amine drugs with carboxylic 
ion-exchange resins for sustained release (4-7) and 
taste coverage (8) have been prepared, although to a 
lesser extent than complexes with sulfonic acid resins. 


Because of their unusually large swelling capacities, 
polymethacrylic carboxylic acid ion-exchange resins 
have found usage in pharmacy as tablet disintegrants. 
Van Abbe and Rees (9) reported on the effectiveness of 
polacrilin potassium' as a disintegrating agent, while a 
later patent (10) describes the use of a similar resin in the 
acidic form for the same purpose. Being cation ex- 
changers, however, these insoluble polymers have the 
capability of adsorbing amine drugs, thus possibly 
interfering with drug availability and assay. This po- 
tential incompatibility may have limited the use of these 
resins as tablet disintegrants to some extent. 


The present investigation was undertaken to study 
the interaction between amine drugs and polacrilin 
potassium. Eleven commonly used drugs were selected 
to include primary, secondary, tertiary, and quaternary 


'Amberlite IRP-88, Rohm and Haas Co., Philadelphia, Pa. Pre- 
viously sold as Amberlite XE-88. 
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Table I-Drugs Used in Study 


\ 


A,,% 
(0.08 N 
HCI). 


0 


Drug 


1 


I I I I I 


pKan mp 


Phenylpropanolamine hydrochloride 9.4 257 
Ephedrine base 9.5 257 
Pseudoephedrine hydrochloride 9.7 257 
Desoxyephedrine hydrochloride 9.5 257 
Carbinoxamine maleate 8.1 262 
Quinidine sulfate 8 .8  280 
Methapyrilene hydrochloride 8.8 312 
Chromonar hydrochloride 8 .3  320 
Dextromethorphan hydrobromide 8 . 3  278 
Thiamine mononitrate -b 245 
Neostigmine bromide -6 260 


~ ~ _ _ _  ~ 


The pKa's for carbinoximine and chromonar were determined in 
this laboratory by potentiometric titration while the others were ob- 
fained from the literature. Only the pKa for the most basic amine group 
in the molecule is listed. b Thiamine and neostigmine are quaternary 
amines. 


amines. Although the primary goal of this study was to 
assess the extent of the potential incornpatability in 
regard to the use of carboxylic acid resins as disin- 
tegrating agents, it was believed that the approach taken 
and information generated might also be useful for 
other ion-exchange resin applications. 


EXPERIMENTAL 


Resin-Polacrilin potassium is the potassium salt of a weakly 
acidic cation-exchange resin with a polymethacrylic acid-divinyl- 
benzene matrix having a particle size range of 1W500 mesh. A 
single lot was used in all experiments. Assays showed a potassium 
content of 5.38 meq./g., a total exchange capacity of 6.97 meq./g., 


14 


12 


10 


- 
9 2 8  
9 


6 


6.0 7.0 2.0 3.0 4.0 5.0 
PH 


Figure 2-Effect o f p H  on drug distribution ratio. Key: e, metha- 
pyrilene HCl ( I  mg./ml.) f polacrilin K (10 mg.lml.); 0, chro- 
monar HCI ( I  mg./ml.) f polacrilin K (10 mg./ml.); and 0, car- 
binoxamine maleate (0.25 mg./ml.) + polacrilin K (2.5 mg./ml.). 


and a water content of 18.0% (Karl Fischer). 
Drugs-Table I lists the drugs used in this study. Other salt 


forms would be expected to behave similarly. The UV absorbance 
maxima used in their analysis and the pKa's are included. 


Equilibrium Studies-To establish the relationship between inter- 
action of a drug and pH, a series of 12-14 solutions was prepared to 
contain 200 mg. drug (except for carbinoxamine maleate where 50 
mg. was used), 1.8 g. of sodium chloride (isotonic saline concentra- 
tion), and various predetermined amounts of hydrochloric acid 
in 200 ml. of solution. Each solution was added to a 300-ml. bottle 
along with constant amount (0.5-5.0 g. depending on the drug) 
of polacrilin potassium, and the bottles were rolled at 24-25". To 
improve accuracy, the resin-drug ratios in these experiments were 
much higher than would normally be used in tablets. After 24 hr. 
the pH was determined, the resin was separated by filtration, and 
the drug concentration in the filtrate was determined by UV ab- 
sorbance using a Beckman DU spectrophotometer after the re- 
quired dilution with 0.08 N HCI. In the case of chromonar, the 
samples were drawn after 4 hr. as a precaution because of the drug's 
reported instability. Rate studies with other drugs indicated that 
adsorption should be close to equilibrium after that time period. 


, 


2 


1 


2 3 4 5 6 7 
PH 


Figure 3-Effect of pH on drug distribution ratio. Key: e, phenyl- 
propanolamine HCI ( I  mg./ml.) f polacrilin K (25 mg.lml.); 0, 
ephedrine ( I  mg./ml.) + polacrilin K (25 mg./ml.); and 0, thia- 
mine mononitrate ( I  mg./ml.) + polacrilin K (10 mg./ml.). 
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Figure &-Effect o f p H  on drug distribution ratio. Key: @, desoxy- 
ephedrine HCI ( 1  mg./ml.) + polacrilin K (25 mg./ml.); 0, pseudo- 
ephedrine HCI ( 1  mg./ml.) + polacrilin K (25 mg.lml.); and U, neo- 
stigmine bromide ( 1  mg./mE.) i- polacrilin K (10 mg./ml. j. 


The procedures used to determine the effects of alkali metal, 
resin, and drug concentrations were identical to the above except 
for varying concentrations of the component being studied. To 
ensure the constant pH required in each series, fine adjustments 
were made with HCl after 4 and 6 hr. 


In the temperature study experiments, the equilibrations were run 
in flasks equipped with mechanical stirrers and submerged in con- 
stant-temperature baths. 


Relationship between Degree of Resin Dissociation, 01, and pH 
(Fig. 5)-A series of 13 solutions was prepared to  contain 1.8 g. 
of sodium chloride and various predetermined amounts of HCI 
(for an equilibrium pH range of 2.5-7.5) in 200 rnl. of solution. 
Each solution was added to a 300-ml. bottle along with 2.0 g. of 


-1.6 -1.2 -0.8 -0.4 0 +0.4 
log a / l  - a 


Figure 5-Relationship between pH and polacrilin K dissociation in 
0.154 M NaCI(n = 2.28,pKa = 6.60). 
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Figure 6-Effect of p H  on the selectivity coefficient. Key: @, 
methapyrilene; 0, chromonar; and 0, pseudoephedrine. 


polacrilin potassium and the bottles were rolled at 24-25 O as in the 
equilibrium studies. After 24 hr., the pH of each mixture was de- 
termined and the resin was separated from the solution phase by 
filtration. The resin was then reslurried in 200 ml. of 1 N HC1 for 
2 hr. to elute the cations that had remained in the resin phase. 
Aliquot samples (20 ml.) were pipeted from both the equilibrium 
and acid elution solutions and evaporated to constant weight under 
an IR lamp. Since the solids were a mixture of sodium and potas- 
sium chlorides in the molar ratio 154 to  54, the weight concentra- 
tions were converted to  equivalents per liter by dividing by the 
weighted average molecular weight (62.63). The concentrations in 
the equilibrium and elution solutions were equal to [MIs and [w,, 
respectively. Their sum varied from 205-209 meq./l. (theoretical 
208) at the 13 different pH’s. The fraction of resin in the dissociated 
form, a, was obtained by dividing [MIv by the total exchange capac- 
ity of the polacrilin (69.7 rneq.11.). 


Rate Studies-In the adsorption rate studies, 500 ml. of buffer 
containing 0.154 eq. of sodium was prepared by dissolving 1.94 g. 
of dibasic sodium phosphate and 19.2 g. of monobasic sodium 
phosphate in water. Ten grams of polacrilin potassium was added 
and the pH of the slurry was adjusted to 5.5tk5.60 with HC1 over 
a 4-hr. period. One gram of drug was dissolved in 500 ml. of water 
and the solution was added to initiate adsorption. The slurry was 


Table 11-Selectivity Coefficients (K& at Various pH’s 


Drug ’ 4.5 5.0PH 5 . 5  6.0‘ 


Phenylpropanolamine 
Desoxyephedrine 
Ephedrine 
Pseudoephedrine 
Carbinoxamine 
Chromonar 
Quinidine 
Methapyrilene 
Dextromethorphan 
Thiamine 
Neostigmine 


2.48 2.67 2.13 1.45 
7.44 5.81 3.80 2.38 
5.37 4.49 2.77 1.72 
5 . 5 5  3.87 2.61 1.64 


267 236 131 49.2 
151 77.7 17.1 15.4 
353 308 208 116 
179 122 61.9 24.4 
276 196 112 68.6 


52.5 44.3 23.7 9.03 
6.42 4.22 2.22 1.14 
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Figure I-Effect of alkali metal concentration on drug distribuiion 
ratio. Key: @, methapyrilene HCl ( 1  mgJml.), polacrilin K (10 
mg.lml.1, NaCl(0-1.283 meq./ml.), pH 5.3; and 0, dextromeihorphan 
HBr (1  mg./ml.), polacrilin K (10 mg./ml.), NuCE (0-0.616 meq./ml.), 
pH5.1.  


stirred at 25" for 4 days with methapyrilene and dextromethorphan 
and for 2 weeks in the case of carbinoxamine and quinidine. Ten- 
milliliter samples were removed at 2, 5, 10, and 30 min.; 
at 1, 4, and 24 hr.; and at the end of the run. The solution phase 
was filtered from the resin and assayed for drug by UV spectroscopy. 
In the elution rate studies, 1 g. of methapyrilene hydrochloride, 


1.94 g. of dibasic sodium phosphate, and 19.2 g. of monobasic 
sodium phosphate were dissolved in enough water to make 1 1. 
Ten grams of polacrilin potassium was added, the pH was ad- 
justed to 5.5 with HCI, and the slurry was stirred for 24 hr. at 25". 
The resin, containing approximately 8 2 . 0 z  of the drug, was filtered 
from the solution and added to  1 1. of fresh buffer solution con- 
taining 0.154 meq./ml. of sodium. The pH 6.8 elution-rate run 
used a buffer containing 18.8 g. of dibasic and 1.86 g. of monobasic 
sodium phosphate. The buffer in the pH 5.4 study contained 1.94 
g. of dibasic and 19.2 g. of monobasic sodium phosphate. Stirring 
was continued at 25 O for 24 hr. with samples being removed after 
2, 5,  10, and 30 min. and after 1 ,  3,  and 24 hr. The solution phase 
was filtered from the resin and assayed for drug by UV spectroscopy. 
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Figure &-Relationship of alkali metal distribution ratio to drug dis- 
tribution ratio. Key: @, methapyrilene at pH 5.3 ( K M ~  = 77.2); 
and 0, dextromethorphan a tpH5.I  ( K D I ~  = 295). 
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Figure 9-Effect of polacrilin potassircm concentration on drug 
distribution ratio, methapyrilene HCI (1  mg./ml.), KCI (0.154 meq.1 
ml.), polacrilin K(1.25-30.0 mg./ml.),pH5.4, KarD = 50.4. 


RESULTS AND DISCUSSION 


Effect of pH-Figures 1-4 show the effect of pH on the interaction 
at equilibrium between polacrilin potassium and the eleven drugs 
tested. Drug interaction is expressed as a distribution ratio, drug in 
resin phase, [D], ,  divided by drug in solution phase, [D] , ,  both ex- 
pressed as meq./ml. of solution. Although the extent of interaction 
varied considerably with the drug, in all cases the ratio showed a 
maximum at pH 4.5-5.5. The sharp decrease in complexation below 
pH 4.5 is apparently caused by the diminishing number of anionic 
sites on the resin due to its low dissociation constant. The decreas- 
ing interaction above pH 5.5, despite the greater ionization of the 
resin, can be attributed to a decreasing affinity of the polacrilin 
for amine drugs relative to alkali metal cations. The increasing 
portion of drug in the unionized form may contribute to this. 
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Figure 10-Effect of drug concentration on interacrion, methapyril- 
ene HCl (0.42-10.08 meq./l.), polacrilin K (10 mg.lml.), NaCI 
(0.154 meq.lml.),pH = 5.4, KxD = 50.9. 
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Table 111-Rates of Equilibration at 25" 


Drug 


Drug in 
Resin Phase after 


Process PH 2 min. 1 hr.a 4 hr. 24 hr. Final 


Methapyrilene Adsorption 5.5 71.7 79.8 80.7 82.0 82.3* 
Dextromethorphan Adsorption 5.6 64.5 75.9 77.1 79.2 79. 2b 
Carbinoxamine Adsorption 5.5 86.9 93.2 95.1 95.1 94. 8c 
Quinidine Adsorption 5.5 80.3 86.0 87.9 89.7 89. 6c 
Methapyriliiie Elution 6.8 68.7 64.9 62.1d 63.4 
Methapyrilene Elution 5.4 90.5 89.5 89.1" 89.0 - 


- 


a Results of samples a t  5, 10, and 30 min. were all intermediate between the 2-min. and 1-hr. percentages, * Sampled after 4 days. c Sampled 
after 3 weeks. Sampled at  3 hr. 


Although the drug distribution ratio is a convenient term for 
expressing drug interaction, it will vary with drug, resin, and sodium 
ion concentrations, as well as with pH. This is demonstrated in 
Fig. 1 where two different resin concentrations were used with 
dextromethorphan. Samuelson (3) suggests the use of a selectivity 
coefficient to express the relative affinities of resins for different 
cations. In this study the selectivity coefficient, K M ~ ,  would be 
defined by the following equation: 


where [MI,  and [MI,  represent the concentrations, in meq./ml., 
of alkali metal in the solution and resin phases, respectively. The 
alkali metal concentration includes both the sodium from added 
sodium chloride and potassium contributed by the polacrilin potas- 
sium, with the sodium ion predominating. The selectivity coeffi- 
cients would be expected to remain constant with variations in 
drug, resin, and metal concentrations, although it does change with 
PH. 


Calculations of selectivity coefficients from the distribution ratios 
found in Figs. 1-4 require accurate estimations of [MI,  ( [MIB can 
be obtained by difference once [MI,  is known). Since the meq. of 
alkali metal in the resin phase is approximately equal to the meq. 
of ionized sites on the resin, less those occupied by drug cations, 
the following equation may be written: 


[MI,  = a[Re] - [ D l ,  (Eq. 2) 
where a is the fraction of total resin equivalents in the dissociated 
form while [Re] is the resin concentration expressed in meq. total 


25 35 45 55 65 
TEMPERATURE 


Figure 11-Effect of temperature on the drug distribution ratio, 
methapyrilene HCI ( I  mg./ml.), polacrilin K (10 mg./ml.), NaCl 
(0.154meq./ml.). Key: .pH4.6,andOO,pH5.3. 


exchange capacity per ml. of solution. Gustafson (1 1) has demon- 
strated that polymethacrylic carboxylic ion-exchange resins follow 
the empirical relationship: 


pH = pKa + n log 2? 1 -a 


where pKa is an apparent dissociationconstant which changes with 
ionic strength, while n is a sezond constant specific for the resin and 
independent of ionic strength. The linear relationship obtained be- 
tween pH and log oll1-a (Fig. 5 )  shows that polacrilin potassium 
follows Eq. 3. The values from this experiment allow calculation 
of selectivity coefficients from the drug distribution ratios shown in 
Figs. 1-4 using Eqs. 1-3. 


The relationship between the selectivity coefficients and hydrogen 
ion concentration was obtained by plotting log KhlU uerms pH 
for each drug. Figure 6 shows some typical results. In all cases the 
relationship appeared linear between pH 5.5 and 7.5 with slopes of 
0.5-1.0. This linearity indicates that the selectivity coefficient is 
proportional to a power (equal to the slope) of the hydrogen ion 
concentration. Results below pH 5 .5  were inconsistent in that max- 
ima, levelings, and nonlinear increases were observed in the graphs. 


Comparison of Drugs-Table I1 shows the selectivity coefficients 
obtained for each drug at pH 4.5, 5.0, 5.5, and 6.0. Since all drugs 
should be essentially in the cationic form at the pH's used, the 
considerable variations in selectivity coefficients between drugs 
cannot be attributed to their dissociation constants. The differences 
are more likely related to steric and resonance effects within the 
drug cation. Nevertheless the magnitude of the selectivity coeffi- 
cients can be related to the degree of nitrogen substitution. The five 
tertiary amine drugs (dextromethorphan, methapyrilene, quinidine, 
carbinoxamine, and chromonar) showed substantially greater in- 
teraction than the other six drugs. At pH 5.0, the average selectivity 
coefficient for the tertiary amines was approximately 40 times 
greater than the average for the three secondary amine drugs 
(ephedrine, pseudoephedrine, and desoxyephedrine). Phenylpro- 
panolamine, the only primary amine studied, showed the smallest 
interaction. The two quaternary amine drugs varied somewhat in 
their behavior. Neostigmine gave a selectivity coefficient similar to 
the secondary amine drugs while the value for thiamine was inter- 
mediate between secondary and tertiary amines. 


Effects of Alkali Metal, Resin, and Drug Concentrations-The 
relationship between the drug distribution ratio and the sodium 
ion concentration is shown in Fig. 7 for methapyrilene and dextro- 
methorphan. Similar curves were obtained with the other drugs 
tested. To show that these results are consistent with the selectivity 
coefficient relationship (Eq. I), the drug distribution ratios were 
plotted against the calculated alkali metal ratios (Fig. 8). Since 
Eq. 1 may be rearranged to  


the linearity obtained demonstrates that the selectivity coefficients 
remain constant over a wide alkali metal concentration range. 
[MI, and [m, were calculated from Eqs. 2 and 3, with the varia- 
bility of pKa with ionic strength being estimated from Gustafson's 
relationship (1 1). 


Experiments in which the potassium ion concentration was varied 
gave similar results to those obtained with sodium ion variation. 
Potassium gave approximately the same selectivity coefficients. 
The similarity indicates that small changes in the potassium-sodium 
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ratio within a system should have negligible effect on drug distribu- 
tion ratios. 


Figure 9 shows the effect of polacrilin potassium concentration 
on the methapyrilene distribution ratio. The distribution ratio was 
plotted against the calculated [n.il,/[n.il. to attain the linearity pre- 
dicted by Eq. 4. The results show that the selectivity coefficient also 
remains constant over a wide range of resin concentration. 


In evaluating the effect of drug concentration, a plot of the meth- 
apyrilene distribution ratio versus [mv/[Mls showed deviation from 
linearity at low drug concentration. However a straight line was 
obtained when the concentration of resin-adsorbed drug, [D]? ,  
was plotted against [D]*[M],/[MI, (Fig. 10). Although the linearity 
is consistent with Eq. 1, the intercept is not. Apparently the total 
drug adsorbed is the sum of that adsorbed according to the selec- 
tivity coefficient relationship plus a constant: 


This constant, which becomes significant only at very low drug-resin 
ratios, can be attributed to a small quantity of drug bound to the 
resin by forces other than ionic bonding. 


Effect of Temperature--The effect of temperature on the meth- 
apyrilene distribution ratio at two different p H s  is shown in Fig. 11. 
The decrease in drug-resin interaction with rising temperature is in 
agreement with Samuelson’s generalization (3) that an increase in 
temperature results in a decrease in ion selectivity. 


Rate of Equilibration-Although the large size of the drug cations 
might be expected to affect exchange kinetics, the rate of equilibra- 
tion was found to be quite rapid, both for adsorption and elution. 
Table 111 summarizes the results of rate studies at 25”. The lack of 
significant change after 24 hr. in the adsorption runs emphasizes 
the fact that equilibrium is attained in that time. 


The rapid exchange rates are consistent with the results reported 
by Kunin (12) for carboxylic ion-exchange resins. He noted that, 
although the exchange rate in going from acid to metal cycle is 
slow and may require weeks for completion, attainment of equilib- 
rium in going from one metal cycle to another occurs in minutes or 
hours. Since the latter process most closely resembles both ad- 
sorption onto polacrilin potassium (potassium to drug cycle) 
and elution from the resin (drug to sodium cycle) the rapid rates 
are not surprising. Further, the fine particle size of polacrilin potas- 
sium might contribute significantly to acceleration of the exchange 
rates. 


The rapid exchange rates along with the selectivity coefficient 
results indicate that the presence of polacrilin potassium in a dosage 
form should have insignificant effect on the total drug availability. 
Although appreciable resin adsorption of drug may occur in the 
gastrointestinal tract during pH 4.5-6.0 exposure, rapid desorp- 
tion should result as the adsorbate passes into the higher pH of the 
small intestine. The decreased selectivity coefficients at higher pH 
along with the rapid elution rates ensure drug availability. Even in 
the pH 4.5-6.0 range, continuous absorption of drug into the blood 
would result in elution from the resin. The higher temperatures 
that would be encountered in the body compared with the 24-25’ 


data obtained in this study would promote greater drug availa- 
bility, both through lower selectivity coefficients and faster exchange 
rates. 


SUMMARY AND CONCLUSIONS 


1. The interaction between amine drugs and polacrilin potassium 
follows the selectivity coefficient relationship. It would be expected 
that other carboxylic acid ion-exchange resins would behave simi- 
larly. 


2. Tertiary amines show a greater affinity for polacrilin potassium 
than other amine drugs. In all cases, maximum interaction occurs at 


3. The rapid elution rates, along with decreasing interaction 
above pH 6.0, indicate that the presence of polacrilin potassium in 
a dosage form should not affect total in vivo availability. It is ques- 
tionable whether any significant delay in absorption would occur. 


4. The high selectivity coefficients obtained with some drugs 
indicate that precautions must be taken in assaying for amine drugs 
in the presence of polacrilin potassium. Buffers above pH 7.0 or 
below pH 3.0 or solutions with high cation concentrations may be 
used to effect complete drug elution. 


pH4.5-5.5. 
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Structure-Activity Relation in Organophosphorus-Inhibited 
Acetylcholinesterase Reactivators 111: Methiodides of 
Hydroxyimino Derivatives of Pyridylethanes 


PALMARISA FRANCHETTI*, MARIO GRIFANTINI, and MARIA L. STEIN 


Abstract 0 The methiodides derived from 2-hydroxyimino-l- 
pyridyl-ethan-1-ones, 2-hydroxyimino-l-pyridyl-l-hydroxyethanes, 
and 1,2-di(hydroxyimino)-l-pyridylethanes were tested as reactiva- 
tors of phosphorylated acetylcholinesterase. The most active mem- 
ber, 2-hydroxyimino-l-(2'-pyridyl)-ethan-l-one, displays a rate of 
reactivation, in the case of tetraethyl pyrophosphate poisoning, 
slightly higher than that of the well-known reactivator 2-hydroxy- 
iminomethyl- 1-methyl-pyridinium iodide. 


Keyphrases 0 Acetylcholinesterase reactivators-structure-activity 
relationship 0 Pyridylethane derivatives (methiodide salts)- 
synthesis 0 Reactivators-organophosphorus-inhibited acetyl- 
cholinesterase 


It has recently been shown (1, 2) that methiodides of 
pyridine oximes, containing the ketoxime group on a 
position of the side chain one carbon atom distant from 
the ring, are able to reactivate organophosphorus- 
inhibited acetylcholinesterase. The compounds hitherto 
considered were 2-hydroxyimino derivatives of 1 -pyri- 
dylethanes further substituted in position 2 by phenyl or 
amide groups; because these groups can shield the 
hydroxyimino group in relation to the active site of the 
enzyme, it was of interest to replace them with hydro- 
gen. 


Therefore, the methiodides derived from the three 
isomers of each of the following types of bases were 
synthesized: anti-2- hydroxyirnino-1 -pyridyl-ethan- 1 - 
ones (I), 2-hydroxyimino- 1-pyridyl- 1 -hydroxyethanes 
(II), and an&l,2-di(hydroxyimino)- 1-pyridylethanes 
(111). 


Ia, b,c IIa, b,c IIIU, 11, c 
u = Z-pyridyl- h = 3pyridyl- c = 4-pyridyl- 


Wilson et al. (3) have already examined the reactivat- 
ing property of the methiodide salts of 1-(3 '-pyridy1)- 
2-hydroxyimino-ethan-1-one and 1-(4'-pyridyl)-2-hy- 
droxyimino-ethan-1-one, finding them less active than 
2-hydroxyiminomethyl-1-methyl-pyridinium iodide (2- 
PAM). The picolinic isomer is a new compound, and its 
synthesis makes it possible to correlate the activities of 
the three isomeric methiodides (IVa-c) to their 
structure. It should be noted that Wilson et al. have 
proposed for Products Ib and Ic the configuration syn to 
the keto group; however, the authors find that Ib and Ic, 
like the new Compound Ia, form complexes with copper 
and nickel salts and, by reaction with hydroxylamine, 
give the anti-1,2-di(hydroxyimino)- 1-pyridylethanes. The 


anti-configuration should therefore be assigned to all 
the isomers I(4). 


The methiodide salts of Compounds I1 and I11 were 
synthesized to ascertain how the biological activity 
varies with changing of the carbonyl adjacent to the 
ring. 


EXPERIMENTAL' 


anti- 2 - Hydroxyimino - 1 -(2'-pyridyl) -ethan - 1 -one @)-To a 
stirred solution of 12 g. of isopentyl nitrite, cooled with ice, 2.3 g. 
of Na dissolved in 50 ml. of anhydrous EtOH was added dropwise. 
Stirring was continued for 12 hr.; 250 ml. of water was then added 
and the solution was extracted with ether. The water solution was 
acidified to pH 5-6 with dilute acetic acid and extracted with ethyl 
acetate; after evaporation of the solvent, the residual oil was chro- 
matographed on silica gel, eluting with ethyl acetate. By evaporation 
of the first eluates, a product was obtained which was recrystallized 
from benzene; m.p. 113-115". 


Anal.-(C7H6N20z) C,H,N. Az:H (log E): 254 mp (4.06). 
The product gives colored precipitates with copper and nickel 


salts. 
anti-1-Hydroxy-1-pyridyl-2-hydroxyiminoethanes (IIa-c)-To 


0.3 g. of sodium borohydride in 4 ml. of water and 5 ml. of 
methanol, 1 g. of the corresponding a-hydroxyiminoketone in 20 
ml. of methanol was added dropwise with stirring. After 2 hr. the 
solution was neutralized with dilute acetic acid and reduced under 
vacuum to one-fourth of its original volume. The solution was ex- 
tracted with ethyl acetate, and the products were purified by chro- 
matography on silica gel (ethyl acetate-methanol, 80 :20) followed by 
crystallization from ethyl acetateethyl ether; m.p. IIa 111-112', 
I16 99-101 O, and IIc 97-99 '. 


Anal.--(C7H~NzOz) C,H,N. 
anti-1,2-Di(l1ydroxyimino)-l-pyridylethanes (IIIa-c)-One gram 


of Compound I was refluxed for 2 hr. with 0.55 g. of hydroxylamine 
hydrochloride in 30 ml. of EtOH. The solution was then diluted with 
water, made basic with aqueous NaHC03, and extracted with ethyl 
acetate. The residue obtained after evaporation of the solvent was 
crystallized from EtOH; m.p. IIIn 143-145', IIIb 173-175", and 
IIIc 184-187". 


Ad.--(GH7NaOz) C,H,N. 
The anti-configuration of the dioximes was established on the basis 


of the red-orange colored complexes obtained with the nickel salts 


N-Methyl Pyridinium Iodides (Table 1)-The Products IVa and 
Va were obtained by heating the corresponding bases in anhydrous 
EtOH with methyl iodide at 60" for 48 hr. in sealed vessels; the 
residue obtained by evaporation of the solvent was washed with 
ethyl acetate and crystallized. The Products Vb, VIa, VI6, and VIc 
were obtained in a similar manner, performing the reaction in 
acetone at room temperature; Vc was obtained from IIc in ether 
after 10 days of reaction. Products Va and Vc were very hygroscopic. 


All the quaternary salts were subjected to biological assay. The 
in uitro reactivating velocity of acetylcholinesterase inhibited by 
tetraethyl pyrophosphate (TEPP) or diisopropyl phosphorofluori- 
date (DFP) was measured according to  the technique described 


(5). 


~ ~~~ 


1 Melting points are uncorrected. When no unusual spectral features 
were observed with the compounds described, no absorption peaks 
are reported. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for these elements were within 
k0.4 % of the theoretical values. 
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Table I-1-Methylpyridinium Iodides 


No. Compd. 
~~ 


Crystn. M.p. Formula Anal. 


MeKO-MeOH 142-143” 


Va H d ; -  I1 II Me2C0 102-104” 
a C - C H  


1Va 


‘OH 
Vb MeOH-EtpO 13G132” A 


L G ~ C H - C H  MeKO 115-1 17” I I1 v c  


VIU 
H I C / ~ -  OH N, 


MeOH-EtO Ac 183-185” on 


VIb @C-CH MeOH-EtOAc 156-1 58 
HJC/ l ! / l  


VIC I- myN NLon MeOH-EtOAc 178-1 80 O 


Table 11-Reactivation of Inhibited Bovine Erythrocyte Acetylcholinesterase by Means of Oximes IV-VI (pH 7.4 and 25 ‘ ) a n b  


Inhibiting Group 
--Diethy1 phosphoryl--. --Diisopropyl phosphoryl- 


Relative Relative 


Constant 
Oximes (Iodides), Rate Rate 


5 x 10-3 M pKa‘ pKa” kobs. Constant kobi. 


2-PAM 7.9 1.1 x 10-2 1 1 . 7  x 10-3 1 
IVa 6.3 1.6 X 1.47 8.3 x 10-4 0.49 
IVb (2) 7.2 1.3 X 1.21 4.5 x 10-4 0.26 
IVC (2) 7.1 4 .1  x 10-3 0.38 8.1 x 10-4 0.47 
Va 9 . 8  None - None - 
Vb 9 . 9  None - None - 
VC 9.8 None - None - 


VIa 7.3 9.8 2.6 X 0.23 1.4 x 10-4 0.08 
VIb 8.1 9.3 9.2 x 10-4 0.08 1 . 3  x 10-4 0.075 
V I C  7.5 8.7 1 . 8  x 10-3 0.16 1.2 x 10-4  0.07 


a kobs. is in min.-l. * pKa values were obtained by potentiometric titration and, for overlapping values. by application of the calculation method due 
to Noyes, as given by Albert and Serjeant (7). 


by Ashani et a/. (6). The results are shown in Table 11, together with 
the values of pKa for the same compounds. 


RESULTS AND DISCUSSION 


The values of the hydrolysis rate in Table I1 indicate that pyridine 
derivatives, containing a hydroxyimino group in the fl-position of 
the side chain, show reactivating ability. This is particularly evident 
in the series of Compounds IV. Among the three positional isomers 
the most active is the picolinic derivative, which, together with the 
nicotinic one, has an activity slightly higher than that of 2-PAM in 
the case of TEPP poisoning. The nearly equivalent activity for the 
two isomers is remarkable, in contrast to what is observed with the 
pyridine aldoxime methiodides where the nicotinic isomer is inactive 
(8). For DFP-poisoned acetylcholinesterase, the three isomers show 
nearly equivalent activity. 


Structural modifications of the carbonyl group lead to a diminu- 
tion of activity that can be ascribed to the different nucleophilicity of 
the hydroxyimino groups. This is particularly evident in the series of 
Compounds V; reduction of the carbonyl function to an alcoholic 
one results in a strong diminution of acidity, which is probably 
responsible for the inactivity of these compounds. The introduction 
of a second hydroxyimino group generally leads to  less active com- 
pounds in comparison to the ketones. 


From these results, compared with those discussed in the preced- 
ing notes (1, 2), it is possible to conclude that voluminous groups 
attached to the terminal carbon atom of the side chain in this type 
of compound decrease the ability to reactivate inhibited acetyl- 
cholinesterase; a shielding effect on the active site of the enzyme by 
the phenyl and arylamide groups present in the compounds de- 
scribed in preceding notes can then be postulated. 
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Metabolic Fate of 2,3,5-Triiodobenzoic Acid in Laying Hens 


SUSAN G. ROWLES, GORDON S. BORN, JOHN E. CHRISTIAN, and WAYNE V. KESSLER 


Abstract IJ The whole body retention, distribution, and metabolism 
of ~arboxyl-~C-labeled 2,3,5-triiodobenzoic acid (TIBA*) were 
studied in five laying hens. A single oral dose of TIBA* showed a 
22-hr. biological half-life. No organ concentration of TIBA* was 
noted. TIBA* and seven labeled metabolites were found in excreta 
collected 6 to 12 hr. after the dose, with TIBA* representing the 
major end product. TIBA* and four labeled metabolites were 
detected in excreta collected during the 78 to 90-hr. interval; the 
metabolites occurred in greater proportion than did TIBA* in this 
sample. 


Keyphrases 0 2,3,5-Triiodobenzoic acid (TIBA), ~arboxyl-~~C- 
labeled-metabolic fate 0 Distribution, metabolism, whole body 
retention-TIBA, ~arboxyl-~~C-labeled 0 Metabolites-TJBA, 
~arboxyl-~~C-labeled Thick-layer chromatography-separation, 
identification 


Greer and Anderson (1) reported that treatment of 
soybean plants with 2,3,5-triiodobenzoic acid (TIBA) 
at the beginning of flowering resulted in an increased 
seed yield due to two major types of effects. Their 
studies showed that TIBA caused the plants to change 
from vegetative to reproductive development more 
rapidly and also caused morphological changes which 
permitted more efficient utilization of sunlight by the 
plants. Since a residue of TIBA remains in soybeans 
grown from treated plants (2), the potential environ- 
mental health hazard of TIBA should be investigated 
prior to the general usage of the compound in agricul- 
ture. For this reason, a study of the retention, distribu- 
tion, and metabolism of TIBA in laying hens was of 
interest. 


Ice et al. (3, 4) employed TIBA labeled with 1311 in 
Position 2 (TI*BA) for metabolism studies in rats and 
lactating animals. In both studies, a significant thyroid 
concentration of 1311 was noted, and metabolism by 


deiodination was indicated. In rats and in lactating 
animals, the whole body retention of TI*BA was 
characterized by a two-component system. 


Ware and Barker ( 5 )  administered carboxyl- 14C- 
labeled TIBA (TIBA”) orally to rats and found TIBA* 
and/or its labeled metabolites in all organs analyzed. 
Excretion of the compound was primarily through the 
urine, in which both TIBA and 2,5-diiodobenzoic acid 
were detected. 


The metabolism of TIBA by chickens was investi- 
gated by Barker et al. (6) who employed TIBA labeled 
with lZsI in Positions 3 and 5. They found that 90% 
of the orally administered radioactivity was excreted 
within 48 hr. and that TIBA and 2,5-diiodobenzoic acid 
were present in the excreta. The same investigators 
dosed chickens and pigs with unlabeled TIBA and de- 
tected, by using gas chromatography, the presence of 
TIBA, 2,s-diiodobenzoic acid, and 3,5-diiodobenzoic 
acid in the chicken brains and in the thyroids of both 
chickens and pigs. 


EXPERIMENTAL 


Administration of TIBA*-Carb~xyl-~~C-labeled TIBA (TIBA*) 
was available from the work reported by Spitznagle (2) and was 
purified immediately prior to use in this study by a method similar 
to that reported by Jarboe (7). An ethanolic solution of the impure 
TIBA* was applied to thick-layer plates (1.0 mm.) of purified 
silica gel1 which were then developed three times each (12 cm. per 
development) in petroleum ether (30 to 60” fraction)-propionic 
acid (10: 1 v/v) (8). The silica containing the pure TIBA*, located 
on the chromatograms by autoradiography, was removed from the 
plates and extracted with anhydrous ethyl ether, using a continuous 
extraction apparatus. The ether was allowed to evaporate at room 


1 Adsorbosil-1 with 10 % binder, Applied Science Laboratories, 
State College, Pa. 
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Table I-The Retention of Orally Administered TIBA* and/or 
Its Radioactive Metabolites by Laying Hens 


Time, % Standard z 
hr. Excretion" Error Retention* 


6 
12 
18 
24 
30 
42 
54 
66 


17.3 1.9 
20.1 3.0 
9.3 2.1 


82.7 
62.6 
53.3 


14.4 0 .8  38.9 
7.5 1 .o 31.4 


1 1 . 3  2.1 
6.5 2.7 
2.5 0.7 


20.1 
13.6 
11.1 


78 3.2 0.9 7.9 
90 1.4 0 .3  6.5 
96 1.8 1.2 4.7 


a Quantity excreted since previous sample collection; mean of five 
animals. b Calculated from the accumulated mean excretion data. 


Table 11-The Distribution of TIBA* and/or Its Radioactive 
Metabolites 96 hr. after Oral Administration to Laying Hens 


Tissue 


x x 1 0 - 4  
of Dose/g. Standard 
of Tissue" Error 


Brain 
Breast muscle 
Fat 
Gizzard 
Heart 
Kidney 
Liver 
Thigh muscle 
Thyroid 


2.7 
6.0 
2.8 
7.8 


11.9 
36.3 
9.8 
6.6 
7.4 


0 .4  
1.3 
0 . 3  
2.6 
3.7 


11.8 
2.8 
2.0 
0 . 9  


Mean of five hens. 


temperature, giving crystals of purified TIBA*. The radiochemical 
purity of the purifiedTIBA* was greater than 99%, as determined by 
thin-layer chromatography, autoradiography, and 14C assay of the 
chromatogram. 


Five laying single comb white leghorn hens were given, by oral 
intubation, a single dose of a 2.23% solution ofTIBA* in ethanol 
and glycerin ( I  : 1 v/v). This dose contained 7.7 mg. of TIBA* and 
57.1 pc of 


Sample Collection and Analysis-The animals were housed in- 
dividually in metabolism cages and were supplied a breeder laying 
mash and tap water adlibiturn. Total excreta samples were collected 
from each hen at 6, 12, 18, 24, 30, 42, 54, 66, 78, 90, and 96 hr. 
Eggs were collected immediately after they were laid and were hard- 
cooked prior to analysis. The animals were sacrificed by decapitation 
96 hr. after the dosage, and samples of the brain, breast muscle, fat, 
gizzard, heart, kidney, liver, thigh muscle, and the thyroids were 
obtained. Representative aliquots of the excreta, egg albumin, 
egg yolk, and tissue samples were digested with a 1 A4 methanolic 
solution of hyamine hydroxide2 and mixed with 15 ml. of a liquid 
scintillator containing: PPO, 10.0 g. ; naphthalene, 80.0g.; p-xylene, 
143 ml.; p-dioxane, 429 ml.; and a sufficient quantity of 2-ethoxy- 
ethanol to make 1 1. The samples were then assayed for 14C in an 
internal sample liquid scintillation spectrometer. Internal stan- 
dardization with benzoic acid-lC was employed to correct for 
quenching. Sample-counting efficiencies of approximately 5 0 z  
were obtained. 


Metabolism-Twelve-gram aliquots of the 6 to 12-hr. and 78 to 
90-hr. excreta samples from the one hen whose egg-laying pattern 
was most regular were extracted separately with anhydrous ether 
using a continuous extraction apparatus. After a 48-hr. extraction 
period, 60 of the I4C present in the samples was extracted. Follow- 
ing this extraction, portions of the extracted samples were then 
hydrolyzed separately with 85 o-phosphoric acid and 2 N nitric 
acid. Less than 2 z  of the remaining 14C could be extracted from 
the acid-treated samples with ether. 


per kilogram of body weight. 


2 A methanolic solution of hyamine hydroxide prepared according to  
Bruno (9) from Hyamine 10-X crystals, Rohm & Haas, Philadelphia, Pa. 
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Table 111-The Relative Occurrence of TIBA* and Its Radioactive 
Metabolites in Ether-Extracted Excreta Samples" 


Location of Relative % Occurrence 
Radioactive 6 to 12-hr. 78 to 90-hr. 
Zone (R, )  Identity* Extract Extract 


0.00 5.1 8.9 
0.08-0.10 1.4 0 . 6  


0.19 1 .0 
0.31-0.35 TIBA 52.6 10.2 
0.424.48 2,3-DIBA 1.7 3.2 


- 


0.56 0 . 3  - .~ 


0.714.75 2,s-DIBA 29.6 69.4 
0.89 3,s-DIBA 4.3 - 


~ ~~ ~~~ 


a Determined by thick-layer chromatography on purified silica gel 
plates (1 mm.) developed in petroleum ether (30 to 60" fraction)- 
propionic acid (10 to 1 v/v). * Based on cochromatography with refer- 
ence standards. 


The ether extracts were concentrated and applied to thick-layer 
(1.0 mm.) plates of purified silica gel. The plates were developed 
three times each (12 cm. per development) in petroleum ether (30 to 
60" fraction)-propionic acid (10: 1 v/v) (9), air-dried, and auto- 
radiographed. Reference standards of unlabeled TIBA and six 
suspected metabolites were chromatographed simultaneously on 
the same plates and were then visualized by spraying with a 0.1 z 
solution of bromocresol green in acetone. 


The radioactive zones located by autoradiography were scraped 
individually from the chromatograms and added to 18 ml. of a 
scintillator mixed thoroughly, andassayed for 14C to determine 
their relative occurrence. 


RESULTS AND DISCUSSION 


The retention of TIBA* and/or its labeled metabolites at various 
intervals following oral administration of TIBA* is given in Table 
1. Mathematical analysis of these data suggests that TIBA* and/or 
its labeled metabolites have a single component retention system 
with a biological half-life of approximately 22 hr. This is in con- 
trast to the two-component systems observed in studies using 1311-  


labeled TIBA (3, 4). At the end of the 96-hr. study, 95.3% of the 
administered '*C was recovered in the excreta. 


Very small quantities of TIBA* and/or its labeled metabolites 
were detected in the tissues, as shown in Table 11. At the end of the 
96-hr. study, the maximum l4C level detected in any tissue corre- 
sponded to less than 0.004% of the administered dose per gram of 
tissue. Fairly wide variations of tissue 14C levels were noted among 
the five animals, as seen by the magnitude of the mean standard 
errors reported in Table 11. This may be due in part to the very low 
level of activity present in all tissues and to biological variation 
among the hens. No organ concentration of I4C was noted. This 
result is significant because of its contrast to studies in rats, cows, 
and goats which showed that the thyroid concentrated 1311-labeled 
TIBA and/or its labeled metabolites, most probably in the form of 
I 3 l 1 -  ion (3, 4). 


The level of I4C present in all eggs collected during the 96-hr. 
study was very low. The maximum amount of 14C detected in any 
yolk or albumin fraction corresponded to less than 0.008% of the 
administered dose per gram of egg fraction. 


The TIBA* and its labeled metabolites present in the 6 to 12-hr. 
excreta extract were separated by thick-layer chromatography into 
eight fractions corresponding to four unknowns, TIBA, 2,3- 
diiodobenzoic acid (2,3-DIBA), 2,s-diiodobenzoic acid (2,5-DIBA), 
and 3,s-diiodobenzoic acid (3,SDIBA). The ether extract of the 
78 to 90-hr. excreta sample contained two unknowns, TIBA, 2,3- 
DIBA, and 2,5-DIBA, as determined by thick-layer chroma- 
tography. The relative occurrence of TIBA* and its labeled metabo- 
lites in the excreta extracts is given in Table I l l .  These results show 
that the major labeled compound detected in the 6 to 12-hr. excreta 
sample was TIBA, which accounted for 52.6% of the ether extracted 
radioactivity. Metabolites present in smaller quantities included 


~ 


3 A 4 %  w/w solution of Cab-0-Sil Thixotropic Gel Powder, Packard 
Instrument Co., Downers Grove, Ill,, and the liquid scintillator described 
above. 







2,5-DIBA, 3,5-DIBA, and 2,3-DIBA. TIBA was present in the 
78 to 90-hr. sample in a smaller proportion than in the 6 to 12-hr. 
sample, and accounted for only 10.2% of the extracted l4C. How- 
ever, the metabolites occurred in larger proportions in the later 
sample. The results of the metabolite study indicate that TIBA 
is metabolized to a significant extent by deiodination. 


SUMMARY 


In the authors’ opinion, TIBA has a low probability of becoming 
an environmental health hazard for a number of reasons. Other 
investigators have reported the following: TIBA is applied to 
soybeans in very small quantities and only a minute fraction of the 
amount applied can be detected in the harvested beans; the toxicity 
of TlBA is relatively low in humans; and the major portion of 
TlBA ingested orally by rats, cows, goats, and chickens is excreted 
rapidly. The work reported here also shows rapid excretion of 
TIBA in chickens, and no egg or organ concentration of the com- 
pound. 
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N-acyl Derivatives of Bis-(4-aminophenyl) 
Disulfide and its Thiolsulfinate 


WILLIAM 0. FOYE and JOSEPH P. SPERANZA 


Abstract 0 Bis-(4-aniinophenyl)-sulfone and several N,N’-diacyl 
derivatives have shown appreciable activity as antimalarials. 
With the assumption that a molecule more readily cleaved to a 
p-arninophenyl sulfur or oxidized sulfur anion, as a potential 
anti-PAB substance, might be a more effective antimalarial, a 
series of N,N’-diacyl derivatives of bis-(4-aminophenyl) disulfide 
was synthesized. Oxidation with peroxide followed by acylation 
gave the corresponding thiolsulfinates. Antimalarial activity was 
found for bis-(4-p-acetamidobenzenesulfonamidophenyl) disulfide 
and N,N’-bis-(a-aminoacyl) derivatives of bis-(4-aminophenyl)- 
sulfone. 


Keyphrases n Bis-(4-aminophenyl) disulfide and thiosulfinate- 
N-acyl derivatives synthesis 0 Antimalarial activity-bis-(4-amino- 
phenyl) disulfide derivatives 1R spectrophotometry--structure 0 
UV spectrophotometry-structure 


Diaminodiphenylsulfone (DDS) (1) and its N,N’- 
diacetyl derivative (2) have both shown appreciable 
antimalarial activity, particularly against strains of P. 
falciparum resistant to chloroquine and other widely 
used antimalarials. Evidence has been found to suggest 
that these compounds are effective by interfering with 
the utilization of PABA by the parasites (3). If this is 
the case, then compounds more readily cleaved in vivo 
to a p-aminophenyl sulfur or oxidized sulfur moiety 
might interfere more effectively with PABA utilization. 
Accordingly, a series of N,N’-diacyl derivatives of 
bis-(4-aminophenyl) disulfide and S-oxidized deriva- 
tives has been prepared for antimalarial evaluation. 


Other disulfides, including 5,5’-diacetamido-8,8’-di- 
quinolyl disulfide, have shown antimalarial activity 


Bis-(4-aminophenyl) disulfide was obtained by the 
procedure of Price and Stacy (6), in which sodium 
4-aminophenylmercaptide was oxidized by 30 hydro- 
gen peroxide to the disulfide. The product showed the 
expected IR absorption bands for an aromatic amine, 
in addition to two sharp bands at  1175 and 1065 cm.-’. 
Bredereck (7) has attributed the presence of these bands 
in aromatic disulfides to the disulfide linkage and a 
1,4-disubstituted aromatic ring, respectively. However, 
aliphatic disulfides have shown similar peaks in the 
1050-1250 cm.-l region which were believed due to CH 
wag on the carbon adjacent to sulfur (8). UV absorp- 
tion showed a peak at 256 mp, characteristic of disul- 
fides (9), with a shoulder at 290-295 mp. 


Peroxide oxidation of aliphatic disulfides has led to  
formation of thiolsulfinates, thiosulfonates, and a-di- 
sulfones, depending on reaction conditions (10). Also, 
percamphoric acid oxidation of alkyl or aryl disulfides 
gave mixtures of disulfides, thiolsulfinates, and thiol- 
sulfonates (1 1). With bis-(Caminophenyl) disulfide, 
peroxide oxidation gave only the thiolsulfinate, even 
on long standing. Heating resulted in decomposition. 
IR absorption of the product showed a peak at 1050 
cm.-’, in addition to those present for the disulfide, 
which is characteristic of thiolsulfinates (8, 12). UV 


(4, 5).  
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Effect of Age on Intestinal Absorption 
of Riboflavin in Humans 


WILLIAM J. JUSKO, GERHARD LEVY,* and SUMNER J. YAFFE 


Abstract IJ The development of gastrointestinal absorption func- 
tion in humans was studied using riboflavin, a vitamin which is 
absorbed by a site-specific (proximal small intestine) and saturable 
transport process. Oral doses of 150 mg./m.z body surface area of 
riboflavin-5’-phosphate were administered in solution to subjects 
ranging in age from 0.25 to 40 years. The urinary recovery of the 
vitamin increased significantly (from 6 to 12% of the dose) over 
this age range. The ratio of maximum excretion rate to dose and 
the time of occurrence of the maximum excretion rate were indepen- 
dent of age. The kinetics of riboflavin elimination also did not show 
any appreciable change with age. These observations suggest that, 
in the age range studied, younger subjects retain the vitamin at 
intestinal absorption sites for a shorter period of time than do older 
subjects. This appears to be due to decreased intestinal transit rate 
with increasing age. Prompt release of drugs from pharmaceutical 
dosage forms seems therefore even more important in children 
than in adults in order to  assure adequate absorption. 


Keyphrases IJ Riboflavin absorption-intestinal 0 Age effect- 
riboflavin intestinal absorption 0 Kinetic equations-urinary 
excretion parameters relationship, gastrointestinal absorption 0 
Elimination half-life, riboflavin-age effect 


There is little biopharmaceutical information avail- 
able to aid in the design of oral dosage forms for in- 
fants and children. Of the various physiologic charac- 
teristics which might change with age, those related to 
gastrointestinal absorption are among the least studied. 
Several recent reviews have pointed to the need for 
quantitative studies of intestinal absorption function at  
various ages (1-3). 


In the course of investigations of factors affecting the 
gastrointestinal absorption of riboflavin (4) and ribo- 
flavin-5’-phosphate (5) in man, it was found that this 
vitamin is absorbed in the proximal small intestine by a 
saturable transport process. The absorption of ribo- 
flavin can therefore serve as an index of gastrointestinal 
transit rate since absorption only occurs while the 
vitamin is in the proximal small intestine. Since the 
gastrointestinal absorption of drugs administered in 
solid dosage forms can be impaired if the solid drug is 
not dissolved before or during passage through the 
small intestine (6), the results of absorption studies with 
riboflavin are applicable in general terms to other 
drugs inasmuch as their absorption is affected by the 
rate of gastrointestinal transit. The use of riboflavin is 
particularly advantageous in this study involving in- 
fants and children since the absorption of this vitamin 
can be assessed from urinary excretion data (4, 5). 


THEORETICAL 


In order to understand more clearly the relationship of urinary 
excretion parameters (time course of excretion rates and urinary 
recovery) to gastrointestinal factors involved in absorption by a 
specialized transport process (maximum absorptive capacity 
and intestinal transit rate), it is useful to  evolve mathematical 


relationships for a simple pharmacokinetic model which is consis- 
tent with the proposed mechanism of intestinal absorption. 


If a substance is absorbed by a saturable specialized process in 
the small intestine and the dose administered (X,) is large enough 
to saturate the absorption process, then the rate of absorption can 
be considered to be zero order ( Vmax.). Assuming the body to be a 
single compartment and the rate of elimination to  be first order 
( k ~ ) ,  the appropriate pharmacokinetic model is: 


ke 
Vmax. , xu 


XB---+ X&f XA ---+ 


km 
Scheme I 


where X represents amounts of drug, subscripts refer to amount 
absorbed (A) ,  amount in the body ( B ) ,  and amount eliminated via 
urine (U), and by metabolism and/or extrarenal routes (M), 
and X, >> XA. First-order rate constants for the elimination pro- 
cesses are represented by k, and k, and : 


kE = ke f k,  0%. 1) 


-d&/dt = vmsx. (Eq. 2) 


dXe/dt = vmax. - kE * XB (Eq. 3) 


dXu/dt = ke * XE (Eq. 4) 


The differential equations which are applicable are: 


While absorption is occurring, solution of these equations for XB 
yields: 


XB = (vmex./kz) [1 - eXp ( - k ~  * t)] (Eq. 5) 


and-from Eqs. 4 and 5, it can be seen that: 


dXu/dt = (V,.,. . k,/kE) . [l - exp (-kE * t)] (Eq. 6)  


The maximum amount of drug in the body, ( X B ) ~ ~ , . ,  occurs when 
Eq. 3 equals zero or: 


(XB)msx. = Vm.x./b (Eq. 7) 


and the corresponding maximum urinary excretion rate, (dXu/ 
dt)max., from Eqs. 4 and 7 is therefore: 


(dXu/dt)max. Vmax. * ke/kE (Eq. 8) 


The actual peak excretion rate (ER,) will be proportional to V,,,. 
(Eq. 8) only after absorption at V,,,. has proceeded over a period 
of at least 4 elimination half-lives, i.e., when: 


exp(--kE - 1) + 0 


so that Eq. 5 reduces to Eq. 8. If the time of occurrence (t,) of 
ER, is <4. tilt, then V,,,. can be determined by rearranging Eq. 6 
to yield: 


vrnsx. = (E& * kE/ke)/[l - eXP(-kE * tdl (Eq. 9) 


The amount of drug absorbed (XA) ,  from Eq. 2, is: 


X A  = vmax. * tg (Eq. 10) 


where r, is the time during which drug absorption proceeds. This 
equation shows that two intestinal factors can modify the amount 
of drug absorbed under the conditions of the model: (a) the maxi- 
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Figure 1-Urinary excretion rate as a function of time affer oral 
admitlistration of 150 mg./m.2 riboflavin to a human subject. 


mum absorption rate (Vmax.), and (b)  the residence time of drug at 
the absorption site ( t& Since the urinary recovery of drug is propor- 
tional to the amount absorbed: 


(Eq. 11)  Xum = X A  . ke/kE 


it will also be dependent on the contribution of V,,,,,. and t ,  to 
intestinal absorption of the drug. 


Although the kinetics of absorption and excretion of riboflavin 
are more complex than the theoretical model, the mathematical 
relationships developed here will facilitate interpretation of the 
experimental results. 


EXPERIMENTAL 


Thirteen male and 10 female human subjects in apparent good 
health served as test subjects. The age of the subjects ranged from 
3 months to 40 years. After an overnight fast, each subject received 
an oral dose of 150-mg. riboflavin, administered as riboflavin-5’- 
phosphate1 (FMN), per square meter of body surface area. The 
surface area was calculated from the weight and height of each 
subject by the method of Dubois and Dubois (7). The vitamin was 
given in 15 to 40 ml. of aqueous solution immediately following a 
standard breakfast consisting of 30 g. cereal and 250 ml. milk or 
formula per square meter surface area. An equal volume of orange 
juice was usually mixed with the FMN solution to mask the taste. 
Urine was usually collected in older children and adults at 0.5-hr. 
intervals for 4 hr., I-hr. intervals for the next 4 hr., and then at 
convenient intervals for a total of 36 hr. The subjects were moder- 
ately hydrated with oral fluids during the course of experiments to 
maintain adequate urine output. Studies on infants and children 
were carried out at the Children’s Hospital of Buffalo under medical 
supervision. A plastic urine collection device was taped to the 
genital region of the infants and permitted quantitative collection of 
samples. The subjects were required not to take any drugs or vita- 
min preparations for at least 3 days prior to or during the experi- 
ments. 


Total riboflavin in urine was determined fluorometrically by 
methods previously described (4, 5). An 18- to 24-hr. blank urine 
collection was obtained in each subject, and all data were cor- 
rected for blank values. 


RESULTS 


The typical time course of urinary excretion rate of riboflavin 
after oral administration of FMN is shown in Fig. 1 .  From such 
excretion data, the following parameters were determined for each 
subject: half-lives of elimination, urinary recovery, peak excretion 
rate, and time of occurrence of the peak excretion rate. 


Sodium riboflavin-5’-phosphate, Lot No. 414085, Hoffmann-La 
Roche, Nutley, N. J. 
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The results shown in Fig. 1 indicate that the decline in urinary 
excretion rate was biexponential but the initial “rapid” phase with 
a half-life of about 1.4 hr. accounts for elimination of most of the 
vitamin. A smaller fraction of the excreted vitamin was recovered 
in the urine during the terminal “slow” phase. To estimate the rapid 
and slow half-lives of elimination, semilogarithmic plots of amount 
of riboflavin remaining unexcreted as a function of time were con- 
structed. Typical results obtained in four of the younger subjects 
are shown in Fig. 2. After the absorptive phase, which affects the 
first four hours of elimination, the decline in excretion was resolved 
into the rapid and slow phases by the method of residuals (8). 
The data are shown for the younger subjects because these were 
generally more variable than results obtained in older children 
and adults. This is partially due to the difficulty in ensuring complete 
urine voiding at the desired collection times for such subjects. 


The relationship of the rapid and slow half-life of elimination 
to age of the subjects is shown in Fig. 3. In this and subsequent 
plots and statistical treatments, the logarithm of age was used. 
The rapid half-life of elimination exhibits a limited range of values, 
averaging 1.4 hr., and neither the least-squares regression nor the 
correlation coefficient shows any significant change of this param- 
eter with age. The mean values, least-squares regression slopes and 
intercepts, correlation coefficients, and statistical calculations for 
this parameter, as well as others to be considered, are summarized 
in Table I. The slow half-life of elimination was quite variable but 
shows a barely statistically significant ( p  = 0.05) tendency to 
increase with age. Tests were repeated in five of the subjects as 
shown in Fig. 3. In four of these, where the age of the subject was 
similar in both tests, an average of the pairs of parameters was used 
with the mean of the logarithm of age in the statistical calculations. 


There was a statistically significant ( p  < 0.01) increase in urinary 
recovery of riboflavin with age (Fig. 4), from a mean of about 6% 
at 0.25 years to about 12% at 40 years of age. Since the dose of ribo- 
flavin administered (150 mg./m.2) was greatly in excess of that 
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Figure 2-Amount of riboflavin remaining unexcreted (0 )  as a 
function of time in four children. The rapid half-life of elimination was 
determined (0) from the postabsorptive data using the method of re- 
siduals by extrapolating (dashed line) the linear slow phase of elimina- 
tion to the ordinate. Sex, age, and weight of the subjects are shown. 







Table I-Statistics of Various Riboflavin Absorption and Elimination Parameters as a Function of the Logarithm of Age 


--Correlation Coefficient-- 
----Least-Squares Linear Regression-- Signifi- 


95 Confidence cance 
Parameter Mean, SD Intercepta Slope Limits of Slope r I Level 


Rapid half-life, hr. 1 .35(0.60) 1.42 -0.197 -0.582 to 0.187 -0.161 0.82 50 
Slow half-life, hr. 14.1 4.18 0.20 to 8.17 0.395 2.16 95 
Percent urinary recovery 8.34 2.22 1.00 to 3.44 0.570 3.33 99 
Peak excretion rate/dose 0.254(0.073) 0.245 0.032 -0.010 to 0.075 0.280 1.33 80 
Time of peak excretion rate, hr. 2.18(0.89) 2.33 -0.458 -1.04 t00.128 -0.280 1.27 75 


b 


b 


a Intercept on parameter axis a t  age = 1 yr. b Significantly age dependent. 


which can be absorbed (4, 5) ,  the percent urinary recovery of the 
vitamin was correspondingly low. 


The relationship of the peak excretion rate of riboflavin to the 
age of the subjects is shown in Fig. 5. The actual peak excretion 
rate was divided by the dose of riboflavin administered to permit 
comparison of the data over the entire age range. This parameter 
shows a slight and statistically insignificant (p = 0.2) tendency to 
increase with age. The value chosen for the peak excretion rate for 
the individual subjects is the average of the three highest excretion 
rates found. This method was chosen to reduce bias caused by 
occasional high excretion rate values resulting from incomplete 
voiding of an earlier sample by the younger subjects. The use of 
only the single highest values yielded a slope of essentially zero and 
indicated therefore no change with age. 


The time of occurrence of the peak excretion rate is plotted as a 
function of age in Fig. 6 and shows a slight, but insignificant ( p  = 
0.25), tendency to decrease with age.2 


DISCUSSION 


The intestinal absorption of riboflavin was studied as a function 
of age in normal subjects under conditions where maximum absorp- 
tion of the vitamin will occur (i.e., with food). The dose is at least 
five times greater than that needed to saturate the absorption 
process (4,5) which accounts for the relatively low urinary recovery 
of riboflavin (Fig. 4). Because of the large dose employed, an 
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Figure 3-Relationship between the rapid and slow half-life of elim- 
ination and the age (logarithmic scale) of the subjects. Squares and 
circles represent male and female subjects, respectively. Dashed 
lines connect repeated tests in the same subject and the solid line 
shows the least-squares regressionjit of the data (Table I). 


2 The difference in the number of data points shown in Figs. 3-6 is 
due to the lack of availability of some of the values, usually because of 
not frequent enough urine collections, particularly in the younger sub- 
jects. 


assumption that riboflavin absorption occurs at a maximum rate 
( Vmax.) during the early times after administration appears justified. 


The urinary recovery of riboflavin shows a definite, though small, 
increase with age of the subjects (Fig 4). As shown in the Theoretical 
section, the increase in urinary recovery is a direct measure of the 
effect of age on intestinal absorption providing that the elimination 
kinetics of the vitamin are not also altered in the age range studied 
(Eq. 11). The kinetics of elimination of riboflavin are complex, 
but the data suggest that the renal excretion of the vitamin does not 
significantly change with age. A biexponential decline in elimination 
of riboflavin was found (Fig. 2), but it can also be seen (Fig. 1) 
that most of the vitamin is excreted during the phase characterized 
by a rapid half-life. This parameter remained essentially constant 
over the age range studied (Fig. 3). Although the slow half-life of 
elimination showed a tendency to increase with ape, this phase 
contributed less than 3 0 z  to the overall urinary recovery of ribo- 
flavin. Furthermore, since the urinary excretion of the vitamin was 
only followed for 36 hr., it is probable that the age dependency of the 
slow half-life would cause the urinary recoveries of riboflavin to be 
even greater in the older subjects if urine was collected over a longer 
time period. Also, the length of the slow half-life relative to the 
duration of urine collections limits considerably the accuracy of this 
parameter. 


Two factors should primarily affect the intestinal absorption of a 
substance such as riboflavin under the conditions of this study: 
the maximum absorptive capacity and the intestinal transit rate 
(Eq. 10). Since the peak excretion rate to dose ratio (Fig. 5) ,  the 
time of its occurrence (Fig. 6), and the rapid half-life of elimination 
(Fig. 3) all seem unaffected by age, it may be concluded that the 
maximum absorptive capacity of riboflavin, when corrected for 
body surface area, is probably quite constant in the age range 
studied (Eq. 9). It therefore appears that an age-dependent increase 
in retention of the vitamin at intestinal absorption sites is respon- 
sible for the increased urinary recovery of riboflavin with age. 
This may be primarily due to decreased intestinal transit rate in 
older subjects. The possibility that the relative length of intestine 
capable of absorbing riboflavin increases with age cannot be ruled 
out although the age independence of V,,,. and I ,  do not support 
this possibility. 


Although the vitamin was administered as FMN in the present 
study, there is extensive evidence showing that FMN is rapidly 
and almost completely dephosphorylated to free riboflavin in the 
small intestine (S). The specialized transport process appears to 
involve subsequent rephosphorylation of riboflavin to FMN in the 
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Figure &Relationship between the percent urinary recofiery of 
riboflavin and age of the subjects. Symbols are defined as in Fig. 3. 
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intestinal wall ( 5 ,  9). The possibility that conversion of the oral dose 
of FMN to riboflavin could be rate-limiting in the absorption 
process appears to be ruled out by identical urinary excretion 
data obtained after oral administration of either form of the vitamin 
(4, 5). The lack of change in the peak excretion rate to dose ratio 
with age and the observation (9) that the activity of intestinal 
phosphatases decreases rather than increases with age (at least in 
the rat) further rule out the FMN dephosphorylation rate as a 
factor causing increased absorption of riboflavin with age. 


The dependence of absorption on age and intestinal transit rate 
is not unique for riboflavin. D-Xylose, used commonly in clinical 
tests of intestinal absorption (lo), exhibits absorption characteristics 
very similar to riboflavin. This sugar appears to be absorbed by a 
specialized process chiefly in the duodenum and proximal jejunum 
(10, 11). Lanzkowsky et al., using both urinary excretion (12) and 
blood level (13) measurements, have shown a significant (twofold) 
increase in D-xylose absorption over an age range similar to that 
used in this study. Barreiro et a/ .  (14) have further demonstrated 
a correlation of D-xylose absorption with intestinal transit time 
using direct measurements of intestinal motility in human subjects. 


Many physiologic factors can influence drug absorption from the 
gastrointestinal tract (15). but little information is available on their 
role at various ages. A number of intestinal enzymes exhibit age- 
dependence in activity (1). Bender (16) has described a pronounced 
decrease in splanchnic blood flow in  the elderly. Gastric emptying 
rate, though dependent on numerous factors and usually quite 
variable, is considered to be relatively constant throughout the 
childhood growth period (17). Intestinal secretions, the segmental 
activity of the bowel, the type of intestinal motility, the degree of 
vascularity, and the relative length of the intestine could also vary 


0 with age (1, 2, 9) and affect drug absorption. The increase i n  ribo 
flavin absorption with age may, in part, be related to one or more 
of these factors which may also alter the apparent retention of the 
vitamin at intestinal absorption sites. 


The results of this study should not be extrapolated to ages 
outside of the age range investigated. Bender (18) has cited possible 
factors which may account for decreased specialized intestinal 
absorption of several compounds in the elderly and it is known that 
many physiologic processes undergo rapid quantitative changes 
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Independence of Antimineralocorticoid and Catatoxic 
Effects of Various Steroids 


B. SOLYMOSS, M. KRAJNY*, and S. VARGA 


Abstract 0 Several steroids were assayed by means of Kagawa’s 
test to determine whether the catatoxic or detoxifying effect de- 
pends upon antimineralocorticoid potency. In adult male rats, 
ethylestrenol, norbolethone, progesterone, triamcinolone, pred- 
nisolone, and hydroxydione were found free of antimineralocorti- 
coid effects at the dose of 1 mg. Similar results were obtained in 
young female rats pretreated with as much as 10 mg. of these 
steroids. Thus, this type of nonspecific resistance-increasing effect 
of certain steroids appears to be unrelated to antimineralocorticoid 
potency. 


Keyphrases 0 Steroids-antimineralocorticoid, catatoxic effects, 
independence Antimineralocorticoid activity-steroids 0 
Catatoxic activity-steroids 0 Atomic absorption spectroscopy- 
analysis 


Recently it was observed in this laboratory that pre- 
treatment with antimineralocorticoid or anabolic ste- 
roids diminishes the anesthesia induced by pentobar- 
bital, progesterone, or hydroxydione and prevents the 
toxicity of digitoxin, dimethylbenz(a)anthracene, indo- 
methacin, and a large variety of unrelated compounds 
(1-3). This protection is at least partly due to  the induc- 
tion of drug-metabolizing enzymes since spirono- 
lactone, norbolethone, or ethylestrenol increases the nic- 
otinamide adenine dinucleotide phosphate (NADPH)- 
dependent aliphatic hydroxylation of pentobarbital and 
hexobarbital as well as the N-dealkylation of aminopy- 
rine in the hepatic microsomes (4,5). 


The pharmacologic classification of steroid hormones 
and their derivatives is based upon the fact that some of 
their actions are separable and independent whereas 
others are merely inseparable subordinate manifesta- 
tions of one of these basic activities (1,6). The stimula- 
tion of drug-metabolizing enzymes has already been at- 
tributed to different hormonal actions. In studying the 
role of androgens, Quinn et al. (7) observed that the 
enzymatic degradation of hexobarbital is faster in males 
than in females. Booth and Gillette (8) found that the 
activation of drug-metabolizing enzymes by testoster- 
one derivatives more closely parallels their anabolic 
than their androgenic activity. Regarding the role of 
female sex hormones, it was found that chronic treat- 
ment of ovariectomized rats with progesterone increases 
the hepatic detoxification of chlorpromazine (9). Rem- 
mer (1  0) noted that glucocorticoids also influence the 
enzymatic degradation of drugs. 


It is of interest whether the catatoxic effect of steroids 
is dependent on one of their specific hormonal proper- 
ties. Obviously, not all these steroids share androgenic, 
anabolic, luteoid, or glucocorticoid activities. How- 
ever, depending on dosage and under special circum- 
stances, anabolic steroids and progesterone can reveal 
antimineralocorticoid properties (1 1). To determine 
whether the antimineralocorticoid activity is a common 


function of catatoxic steroids, the authors investigated 
the effect of norbolethone, ethylestrenol, and progester- 
one as well as of triamcinolone or prednisolone in 
Kagawa’s test (12), and compared the results with the 
classic antimineralocorticoid action of spironolactone 
and SC-11927. The hormonally inactive hydroxydione 
was used as a control. In a repetition of this experiment 
on young female rats, the steroids were administered in 
the same manner and at  the same dosage as in the previ- 
ous detoxification studies (1-5). 


MATERIALS AND METHODS 


First Experiment-One hundred and forty-four male Sprague- 
Dawley rats of the Holtzman Farms (Madison, Wis.) with a mean 
initial body weight of 150 g. (range 140-160 g.) were bilaterally 
adrenalectomized, under ether anesthesia, by the lumbar route and 
maintained on sucrose and tap water. Approximately 24 hr. post- 
operatively the rats were divided and treated as indicated in Table I. 
Sodium chloride1 (2.5 ml. of 0.85 % solution), desoxycorticosterone 
acetate (DOC-Ac)~ (6 or 12 mcg. in 0.2 ml. Mazola corn oil), as well 
as spironolactone, SC- 1 1927, ethylestrenol, norbolethone,6 
progesterone and prednisolone,6 triamcinolone? or hydroxydiones 
(1 mg. in 0.5 ml. Mazola corn oil) were administered subcutaneously. 


The bladder of the animal was emptied by applying slight pres- 
sure before placing four or five of them in a metabolic cage. During 
the period of urine collection, no food or water was provided. Void- 
ing was again induced at the end of a 4-hr. period for complete 
recovery of urine. Using the Unicam SP 90 atomic absorption 
spectrophotometer, pooled specimens were analyzed three times for 
total sodium and potassium excretion (13); these values were used 
for the calculation of the log (Na X 10)/K ratio. Blocking activity 
was measured by reversal of the Na/K effect of DOC, as described 
by Kagawa (12). 


Second Experiment-One hundred and seventeen female Sprague- 
Dawley rats of the Holtzman Farms with a mean initial body weight 
of 100 g. (range 90-110 g.) were divided and treated as indicated in 
Table I1 immediately after adrenalectomy. Spironolactone, SC- 
11927, ethylestrenol, norbolethone, progesterone, triamcinolone, 
prednisolone, or hydroxydione was administered twice daily for 3 
days (10 mg. in 1 ml. HzOger 0s). Groups 13-22 were maintained on 
Purina Laboratory Chow and 0.85 NaCl as drinking fluid during 
the first 2 days of this pretreatment; on the 3rd day they received 
sucrose cubes and tap water. Approximately 72 hr. postoperatively, 
the pretreatment was followed by the administration of NaCI, DOC, 
and various steroids as well as by urine collection and electrolyte 
determinations, as described in the first experiment. 


The differences between the Na/K excretion values were statisti- 
cally evaluated by variance analysis. 


RESULTS 


The end-point for antimineralocorticoid activity is based on the 
log urinary Na/K ratio, which may reflect various changes in the in- 


1 Fisher Scientific Co. 
Ciba Co. Ltd. 


a G.  D. Searle & Co. 
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Table I-The Effect of Various Steroids on Desoxycorticosterone Acetate-Induced Urinary Electrolyte Excretion in Kagawa's Test 


Treatmentc--- 
Number DOC- Urinary Excretionb log Na X 


Ac, -- pequiv. of-- 10/K Ratio 
Group Animals Steroid, I mg. mcg. Na K in Urine 


1 37 - - 9 m  231) 1.63 


? f 


2 
3 
4d 


_. 
9 


27 
9 


- 
- 
Soironolactone 


~ -- 
6 770" 


12 590" 
12 790" 


-- - 
360" i ,330 
400" 1.  17c 
3 20 1 .  39e 


5 9 SC- 1 1927 12 760" 3 I0 1.  39e 
6 18 Ethylestrenol 12 480" 360 1.13 
7 9 Norbolethone 12 340" 260 1.11 
8 9 Progesterone 12 370" 270 1.14 
9 9 Triamcinolone 12 860e 1590" 0.73. 


10 9 Prednisolone 12 910" 1790" 0.71e 
11 9 Hydroxydione 12 620 400 1.08 


a In addition all animals were adrenalectomized 24 hr. earlier and were injected with 2.5 ml. 0.85 % NaCl S.C. a t  the beginning of urine 
collection. b Total electrolyte excretion in sample of nine animals. c = p < 0.05 as compared with Group 1. d Groups 4-7 received the most 
potent catatoxic steroids. e = p < 0.05 as compared with Group 3.  


dividual cations. Accordingly, Tables I and I1 list both Na and K 
means in order that distinctive electrolyte effects of the steroids can 
be surfaced for interpretation. 


First Experiment (Table 1)-Compared with the adrenalectomized 
controls (Group I), 6 mcg. of DOC-Ac (Group 2) lowered the urinary 
log (Na X 10)/K ratio and 12 mcg. (Group 3) was even more active 
( p  <0.05 as compared with Group 2). As expected, both spironolac- 
tone (Group 4) and SC-11927 (Group 5 )  reversed the effect of 12 
mcg. DOC-Ac. No significant antimineralocorticoid activity was 
revealed by ethylestrenol (Group 6), norbolethone (Group 7), 
progesterone (Group 8), or hydroxydione (Group 11). Triamcino- 
lone (Group 9) and prednisolone (Group 10) even further dimin- 
nished the urinary Na/K ratio, already decreased by 12 mcg. 
DOC-Ac (Group 3). 


Second Experiment (Table 11)-In comparison to the adrenalec- 
tomized controls (Group 12), 6 mcg. of DOC-Ac (Group 13) also 
significantly lowered the urinary log (Na X 10)/K ratio in young 
female rats, and 12 mcg. (Group 14) was still more active ( p  < 0.05 as 
compared with Group 13). Spironolactone (Group 15) or SC-11927 
(Group 16) counteracted the effect of 12 mcg. DOGAc (Group 14). 
None of the other steroids (Groups 17-22) revealed antimineralo- 
corticoid properties. 


DISCUSSION 


Kagawa (1 1) showed that the influence of spironolactone and its 
derivatives on renal electrolyte excretion is due to a specific an- 
tagonism of mineralocorticoid effects. Thus, as expected, spirono- 
lactone and SC-11927 reversed the action of 12 mcg. DOC-Ac in 
both experiments. 


It was demonstrated that high doses of testosterone and of many 
of its derivatives have antimineralocorticoid properties; 18,19-dinor- 


testosterone proved to be active even in small amounts (1 1 ) .  Under 
the experimental conditions reported here, ethylestrenol or nor- 
bolethone failed to show antimineralocorticoid activity, even when a 
high-dose level was maintained over several days as in the second 
experiment. Progesterone also proved to possess a DOC-Ac block- 
ing potency similar to that of spironolactone; however, it also 
resembled DOC-Ac in its effect on electrolyte excretion when given 
alone and in large doses (14). This complex action and the differ- 
ences in dosage might explain why progesterone failed to exhibit 
antimineralocorticoid effects in the experiments. In agreement with 
expectations, triamcinolone, prednisolone, or hydroxydione was 
completely devoid of any antimineralocorticoid activity in both 
experiments. After the administration of triamcinolone or pred- 
nisolone, there was a marked decrease in urinary log (Na X 1O)/K 
ratio in male (first experiment) but not in female rats (second experi- 
ment). This is probably due to the rats receiving large doses of these 
steroids for 3 days, thus leading to potassium depletion; therefore, 
in the actual Kagawa test the last dose of triamcinolone or predni- 
solone did not so markedly influence potassium excretion. 


The lack of correlation between the anabolic, androgenic, 
luteoid, or glucocorticoid activity of some steroids and their re- 
sistance-increasing effect against various compounds was obvious 
without detailed investigations. The present results demonstrate that 
even under the experimental conditions used in the detoxification 
experiments (1-5), the highly active microsomal enzyme inducers, 
ethylestrenol and norbolethone, do not share the antimineralo- 
corticoid activity of spironolactone and its derivatives. It is note- 
worthy that spironolactone pretreatment prevents the anesthetic 
effect of progesterone, DOC-Ac, and hydroxydione, even after 
bilateral nephrectomy (15). Thus, the catatoxic effect of spirono- 
lactone is also manifest under conditions in which its classic anti- 
mineralocorticoid property could not play any role. 


Table 11-The Effect on Kagawa's Test of High Doses of Various Steroids Administered to Young Female Rats 


Treatment" 
Number DOC- Urinary Excretionb log Na X. 


Group Animals Steroid, 10 mg. mcg. Na K in Urine 
of Ac, --pequiv. of-- 10/K Ratio 


- - 1250 450 1.44 
- 6 1010" 520 1.  29c 


12 18 
9 


14 18 - 12 800" 63OC 1.llC 
13 


15d 9 Spironolactone 12 1320" 480" 1 .44e 
16 9 SC-11927 12 1300" 510" 1.41' 
17 18 Ethylestrenol 12 940" 700 1.13 
18 9 Norbolethone 12 590" 480 1.09 


21 9 Prednisolone 12 950" 830" 1.06 


19 9 Progesterone 12 630" 480 1.12 
20 9 Triamcinolone 12 1090" 850" 1.11 


22 9 Hydroxydione 12 750 630 1.08 
~ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _____ 


a In  addition all animals were adrenalectomized 72 hr. earlier and then treated with steroids (10 mg. twice daily) and given 2.5 ml. 0.85 % NaCl 
S.C. a t  the beginning of urine collection. b Total electrolyte excretion in sample of nine animals. c = p < 0.05 as compared with Group 12. d Groups 
15-18 received the most potent catatoxic steroids. e = p < 0.05 as compared with Group 14. 
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These results support the view that the catatoxic action of differ- 
ent steroids is not subordinate to any presently known specific 
hormonal action (1). 
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Subcutaneous Absorption Kinetics of Benzyl Alcohol I1 


BERTON E. BALLARD and EFRAIM MENCZEL* 


Abstract 0 Under multiple-dosing conditions at a subcutaneous 
site, equations were derived which permit one to estimate the 
number of doses, n, required to  approach within f 1 %  (or any 
other fixed fraction) of the asymptotic minimum level: n 3.3219 
[ ( ~ o . s ) / T ]  log,, Q, where Q > + 1.  Here to.6 i s  the absorption half-life 
of benzyl alcohol from a subcutaneous absorption cell, 7 is the dosing 
interval, Q (always positive) equals (a - l)/((~ - 1), (Y equals 
Bt!JBZin. (and is 0.99 or 1.01 in this example), and p equals 
B”/Bzin., where B” equals Bi - Bm. Definitions: B,!& = amount 
of benzyl alcohol in the cell per unit area of subcutaneous tissue 
one 7 after the nth dose, B&. = asymptotic minimum amount of 
benzyl alcohol in the cell per unit area, Bi = initial dose of benzyl 
alcohol per unit area, and Bm = constant maintenance dose of 
benzyl alcohol per unit area (Bi > Bm). The benzyl alcohol dis- 
appears from the cell in an apparent monoexponential manner. 


Keyphrases 0 Benzyl alcohol-subcutaneous absorption 0 
Kinetics-benzyl alcohol, subcutaneous absorption 0 Equations- 
dosage numbers/subcutaneous area for asymptotic minimum level 


In a recent report from this laboratory (I), a multiple- 
dosing procedure was used in connection with a study 
of the subcutaneous (s.c.) absorption kinetics of benzyl 
alcohol (BA) dissolved in normal saline (NS). The BA 
in NS solution was contained in a glass absorption cell 
affixed to the moist S.C. tissue of an anesthetized rat by 
a silicone adhesive. The solution was kept homogeneous 
by means of a vibrating stirrer. The use of this cell made 
it possible to control the area of S.C. tissue exposed to 
the drug solution at all times and to sample the cell’s 
contents periodically. 


Although the number of doses per unit area (p.u.a.) 
of S.C. tissue needed to approach within * I %  of the 
asymptotic minimum value were shown in Table IV 
of the previous report (l), details of the mathematical 
calculations were omitted. The purpose of this note is 
to derive the equations needed to make this estimation. 


THEORETICAL 


Under multiple-dosing conditions, where the mean volume of 
drug solution in the cell was nearly constant throughout the ex- 
periment, and the drug was administered at the times zero, T ,  2 ~ , 3 7 ,  
. . . , the following equation can be derived (1): 


where Bc in this case is the amount of drug in the cell p.u.a. just 
after the administration of the nth dose p.u.a. In Eq. 1 it is assumed 
that the drug disappears from the cell in an apparent monoex- 
ponential manner and the initial dose p.u.a., Bi, equals the constant 
maintenance dose(s) p.u.a., Bm, in magnitude. Thus 


B‘ = Bi = Bm (Eq. 2) 


The term P in Eq. 1 is the mean penetration coefficient having the 
units of time-’, n is the integer number of initial and maintenance 
doses administered, and T is the constant dosing time interval. 


When Bi is larger than Bm, then 


Bi = B“ + Bm (Eq. 3) 


where B” is the amount of drug p.u.a. in the cell administered along 
with Bm as a part of the initial dose p.u.a. and Bi > Bm. The amount 
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2,5-DIBA, 3,5-DIBA, and 2,3-DIBA. TIBA was present in the 
78 to 90-hr. sample in a smaller proportion than in the 6 to 12-hr. 
sample, and accounted for only 10.2% of the extracted l4C. How- 
ever, the metabolites occurred in larger proportions in the later 
sample. The results of the metabolite study indicate that TIBA 
is metabolized to a significant extent by deiodination. 


SUMMARY 


In the authors’ opinion, TIBA has a low probability of becoming 
an environmental health hazard for a number of reasons. Other 
investigators have reported the following: TIBA is applied to 
soybeans in very small quantities and only a minute fraction of the 
amount applied can be detected in the harvested beans; the toxicity 
of TlBA is relatively low in humans; and the major portion of 
TlBA ingested orally by rats, cows, goats, and chickens is excreted 
rapidly. The work reported here also shows rapid excretion of 
TIBA in chickens, and no egg or organ concentration of the com- 
pound. 


REFERENCES 


( I )  H. A. L. Greer and I. C. Anderson, Crop Sci., 5,229(1965). 
(2) L. A. Spitznagle, J. E. Christian, A. J. Ohlrogge, and C. E. 


Breckenridge, Jr., J. Pharm. Sci., 57, 764(1968). 


(3) R. D. Ice, C. E. Breckenridge, Jr., and J. E. Christian, ibid., 
55,497(1966). 


(4) R. D. Ice, J. E. Christian, and M. P. Plumlee, ibid., 57, 399 
(1968). 


(5) J. H. Ware and W. M. Barker, Fed. Am. Soc. Exptl. Biol., 
annual meeting paper 2652,1966. 


(6) W. M. Barker, D. J. Thompson, and J. H. Ware, personal 
communication, International Minerals and Chemical Corp., 
Skokie, Ill., 1966. 


(7) R. H. Jarboe, J. B. Data, and J. E. Christian, J .  Phurm. Sci., 
57, 323(1968). 


(8 )  A. G. Ebert and J. H. Ware, personal communication, 
International Minerals and Chemical Corp., Skokie, Ill., 1965. 


(9) G. A. Bruno, M.S. thesis, Purdue University, Lafayette, 
Jnd., 1960. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 18, 1969, from the Department of Bionucleonics, 
School of Pharmacy and Phurmucul Sciences, Purdue University, 
Lufuyette, IN 47907 


Accepted for publication September 10, 1969. 
This research was conducted under the auspices of the Institute 


for Environmental Health Studies. 


N-acyl Derivatives of Bis-(4-aminophenyl) 
Disulfide and its Thiolsulfinate 


WILLIAM 0. FOYE and JOSEPH P. SPERANZA 


Abstract 0 Bis-(4-aniinophenyl)-sulfone and several N,N’-diacyl 
derivatives have shown appreciable activity as antimalarials. 
With the assumption that a molecule more readily cleaved to a 
p-arninophenyl sulfur or oxidized sulfur anion, as a potential 
anti-PAB substance, might be a more effective antimalarial, a 
series of N,N’-diacyl derivatives of bis-(4-aminophenyl) disulfide 
was synthesized. Oxidation with peroxide followed by acylation 
gave the corresponding thiolsulfinates. Antimalarial activity was 
found for bis-(4-p-acetamidobenzenesulfonamidophenyl) disulfide 
and N,N’-bis-(a-aminoacyl) derivatives of bis-(4-aminophenyl)- 
sulfone. 


Keyphrases n Bis-(4-aminophenyl) disulfide and thiosulfinate- 
N-acyl derivatives synthesis 0 Antimalarial activity-bis-(4-amino- 
phenyl) disulfide derivatives 1R spectrophotometry--structure 0 
UV spectrophotometry-structure 


Diaminodiphenylsulfone (DDS) (1) and its N,N’- 
diacetyl derivative (2) have both shown appreciable 
antimalarial activity, particularly against strains of P. 
falciparum resistant to chloroquine and other widely 
used antimalarials. Evidence has been found to suggest 
that these compounds are effective by interfering with 
the utilization of PABA by the parasites (3). If this is 
the case, then compounds more readily cleaved in vivo 
to a p-aminophenyl sulfur or oxidized sulfur moiety 
might interfere more effectively with PABA utilization. 
Accordingly, a series of N,N’-diacyl derivatives of 
bis-(4-aminophenyl) disulfide and S-oxidized deriva- 
tives has been prepared for antimalarial evaluation. 


Other disulfides, including 5,5’-diacetamido-8,8’-di- 
quinolyl disulfide, have shown antimalarial activity 


Bis-(4-aminophenyl) disulfide was obtained by the 
procedure of Price and Stacy (6), in which sodium 
4-aminophenylmercaptide was oxidized by 30 hydro- 
gen peroxide to the disulfide. The product showed the 
expected IR absorption bands for an aromatic amine, 
in addition to two sharp bands at  1175 and 1065 cm.-’. 
Bredereck (7) has attributed the presence of these bands 
in aromatic disulfides to the disulfide linkage and a 
1,4-disubstituted aromatic ring, respectively. However, 
aliphatic disulfides have shown similar peaks in the 
1050-1250 cm.-l region which were believed due to CH 
wag on the carbon adjacent to sulfur (8). UV absorp- 
tion showed a peak at 256 mp, characteristic of disul- 
fides (9), with a shoulder at 290-295 mp. 


Peroxide oxidation of aliphatic disulfides has led to  
formation of thiolsulfinates, thiosulfonates, and a-di- 
sulfones, depending on reaction conditions (10). Also, 
percamphoric acid oxidation of alkyl or aryl disulfides 
gave mixtures of disulfides, thiolsulfinates, and thiol- 
sulfonates (1 1). With bis-(Caminophenyl) disulfide, 
peroxide oxidation gave only the thiolsulfinate, even 
on long standing. Heating resulted in decomposition. 
IR absorption of the product showed a peak at 1050 
cm.-’, in addition to those present for the disulfide, 
which is characteristic of thiolsulfinates (8, 12). UV 


(4, 5).  
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absorption was found at  254 mp, but lacked the shoulder 
at 290 mp of the disulfide. 


Oxidation of bis-(4-nitrophenyl) disulfide at room 
temperature with 30 peroxide returned only starting 
material, but in refluxing acetic acid, an oxidation prod- 
uct was obtained. A low yield of bis-(4-nitrophenyl) 
sulfone was isolated; this result agrees with previous 
observations on the oxidation of either p-nitrothio- 
phenol (13, 14) or bis-(4-nitrophenyl) disulfide (15) 
where only the sulfone was isolated. This unexpected 
product has been attributed both to the presence of 
bis-(4-nitrophenyl) sulfide as an impurity ( 1  5 )  and to  
cleavage of the C-S bond (14). 


Since the toxicity of bis-(4-aminophenyl) sulfone was 
diminished by N-acylation (16), various acylation 
products of bis-(6aminophenyl) disulfide and its 
thiolsulfinate were prepared. These included the 
acetyl, methanesulfonyl, p-toluenesulfonyl, p-acetamido- 
benzenesulfonyl, glycyl, a-phthalimidoacyl, and N-car- 
bodithioate. Previously, introduction of a-aminoacyl 
and a-phthalimidoacyl groups reduced the toxicity of 
bis-(4-aminophenyl) sulfone without affecting anti- 
tubercular activity appreciably (17). The dithiocarba- 
mate of bis-(baminophenyl) disulfide was obtained in the 
presence of a large excess of triethylamine, and showed 
characteristic IR absorption at  990 and 1010 cm.-' for 
the dithiocarbamate group (18). Similar IR absorption 
was shown by the dithiocarbamate of the thiolsulfinate, 
but confirming analytical data were not obtained for 
this compound. 


Antimalarial Test Results-Antimalarial screening in 
mice using Plasmodium berghei has been carried out by 
the Walter Reed Army Institute of Research and re- 
ported to us by Dr. D. P. Jacobus. Bis-(4-p-acetamido- 
benzenesulfonamidophenyl) disulfide effected a cure in 
one of five mice (60-day survival) (three dying of drug 
toxicity) at a dose of 640 mg./kg. No activity was found 
for bis-(Caminophenyl) disulfide, bis-(4-p-tolylsulfon- 
amidophenyl) disulfide or the bis-(N-phthalimidoacetyl), 
bis-[N-(2-phthalimido-3-phenyl)-propionyl] or bis-(N- 
carbodithioate) derivatives of bis-(4-aminophenyl) di- 
sulfide. Also, of the thiolsulfinates, the 4-acetamido- 
phenyl, 4-methylsulfonamidophenyl, 4-phthalimidoace- 
tamidophenyl, and 4-(2-phthalimido-3-phenyl)-propion- 
amidophenyl derivatives were inactive. 


The bis-glycyl and bis-phenylalanyl derivatives of 
DDS, previously prepared ( 1  7), were described as 
curative, however. Bis-(4-nitrophenyl) sulfone was also 
curative. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen were done by Weiler 
and Strauss, Oxford, England. Sulfur analyses were done by Parr 
bomb peroxide fusion. Melting points were taken on a Mel-Temp 
block and are uncorrected. IR absorption spectra were obtained 
with a Perkin-Elmer model 137B spectrometer. 
Bis-(4-phthalimidoacetamidophenyl) Disulfide-To a solution of 


2.5 g. (0.01 mole) of bis-(4-aminophenyl) disulfide (6) in 50 ml. of 
dry pyridine at 0" was added with stirring 4.5 g. (0.02 mole) of 
phthalimidoacetyl chloride (19) during a period of 10 min. The 
mixture was stirred for 4 hr. at O", and the resulting solution was 
poured into 250 ml. of cold water containing 25 ml. of sulfuric acid. 
The solid product was collected, washed with water, and digested 
in a mixture of 2-ethoxyethanol and water (4:1), giving 2.8 g. 
(45 %) of cream-colored solid, m.p. 302-305 O (dec.). 


And-Calcd. for C32H22N,06S2: C, 61.74; H,  3.57; N, 8.99; 
S, 10.29. Found: C,  62.13; H, 3.44; N, 9.19; S, 10.83. 


Bis-(4-aminoacetamidophenyl) Disulfide Dihydrochloride-To a 
suspension of 0.62 g. (0.001 mole) of bis-(4-phthalimidoacetamido- 
phenyl) disulfide in a mixture of 20 ml. of dimethylformamide and 
5 ml. of water was added with stirring 3.0 ml. (0.0026 mole) of 
alcoholic hydrazine hydrate (1 M).  Stirring was continued for 1 hr. 
and concentrated hydrochloric acid was added dropwise to distinct 
acidity. Water (50 mi.) was added, the mixture was chilled, and 
phthalazine-1,4-dione was removed. The filtrate was distilled under 
reduced pressure to a volume of 10 ml., methylene chloride was 
added, and the precipitate was collected and recrystallized from 
dilute hydrochloric acid, giving 0.1 g. of yellow solid, m.p. 255-257" 
(dec.). 


And-Calcd. for Cl6H2,CI,N4O2S2: C, 44.14; H, 4.63; N, 12.87. 
Found:C,43.51;H,4.65;N,13.35. 
Bis-[4-(2-phthalimido-3-phenyl)-propio~midophenyl] Disulfide- 


To a solution of 2.5 g. (0.01 mole) of bis-(Caminophenyl) disulfide 
in 50 ml. of dry pyridine at 0" was added with stirring 6.4 g. (0.02 
mole) of 2-phthalimido-3-phenylpropionyl chloride (19) during 10 
rnin. The reaction was carried out as above, and 4.5 g. (56x)  of 
pale yellow product was obtained; m.p. 267-269" (dec.). 


S, 7.98. Found: C. 68.89; H, 4.30; N, 7.05; S, 8.24. 
Bis-(4-methanesuIfonmidophenyI) Disulfide-To a solution of 


0.73 g. (0.003 mole) of bis-(Caminophenyl) disulfide in 15 ml. of 
dry pyridine was added with stirring 1 .O ml. (0.012 mole) of methane- 
sulfonyl chloride. The mixture was stirred for 15 min. and poured 
into cold water, and the precipitate was collected and digested in 
hot 95% ethanol, giving 1.0 g. (83%) of pale pink solid, m.p. 


And-Calcd. for CIaHlGNzO4Sa: C ,  41.57; H, 3.99; N, 6.93; S, 
31.70.Found:C,41.23;H,3.78;N,7.10; S,31.90. 
Bis-(4-p-tolylsulfonamidophenyl) Disulfide-To a solution of 1.25 


g. (0.005 mole) of bis-(4-aminophenyl) disulfide in 20 ml. of dry pyr- 
idine at 0" was added with stirring 1.91 g. (0.01 mole) of p-toluene- 
sulfonyl chloride during 10 min. The reaction was carried out in 
the same fashion as with the phthalimidoacyl chlorides. The red 
solid which separated from dilute sulfuric acid was purified by dis- 
solving in 5 sodium hydroxide solution, filtering, neutralizing 
with 5% hydrochloric acid, and removing all material which pre- 
cipitated above pH 7. The resulting cream-colored solid was col- 
lected, giving 2.2 g. (80%), m.p. 300" (dec.). 


And-Calcd. for CL6H24N204S2: C,  56.09; H, 4.34; N, 5.03. 
Found: C, 56.24; H,  4.61; N, 5.11. 
Bis-(4-p-acetamidobenenzenesulfonamidophenyl) Disulfid+To a 


solution of 2.5 g. (0.01 mole) of bis-(4-aminophenyl) disulfide in 40 
rnl. of dry pyridine at 0" was added with stirring 4.7 g. (0.02 mole) 
of p-acetamidobenzenesulfonyl chloride during 10 min. The reac- 
tion was carried out as in the previous case, and 2.5 g. (40%) of 
cream-colored solid was obtained, m.p. 140" (with previous soften- 
ing). 


Aim[.-Calcd. for C&26N40&: C, 52.33; H, 4.08; N, 8.72; s, 
19.96. Found: C, 52.27; H, 3.99; N, 8.72; S, 20.18. 


Bis-(triethylammonium) Bis-[4-amino-(N-carbdithioate)-phenyl] 
Disulfide-To a solution of 2.5 g. (0.01 mole) of bis-(4-aminophenyl) 
disulfide in 25 ml. of absoluteethanol was added a 15-moleexcess of 
carbon disulfide and 10-mole excess of triethylamine at room tem- 
perature. Afterthe mixture wasstirred and refrigerated overnight,the 
supernatant liquid was discarded and the residual oil was mixed 
repeatedly with ether-acetone (3 : 1). The oil was spread thinly on an 
evaporating dish, placed under vacuum, and the resulting yellow 
solid was triturated with ether-acetone (3 : I )  and filtered, giving 3.2 
g. (52%) of product, m.p. 94-96". 


Aid-Calcd. for G6H42N&: C, 51.80; H, 7.02; N, 9.29. Found: 
C, 52.06; H, 6.78; N, 8.98. 


4-Aminophenyl 4-Aminobenzenethiolsulfinate-To a solution of 
5.0 g. (0.02 mole) of bis-(4-aminophenyl) disulfide in 50 ml. of 95% 
ethanol was added an excess of 30% hydrogen peroxide. The flask 
was stoppered and allowed to stand at room temperature for 1 week. 
The precipitate was collected and purified by digesting in hot 95 % 
ethanol, giving 3.6 g. (69%;) of golden-brown product, m.p. 140- 
142". 


Anal.-Calcd. for Cl2H12NSOS2: C, 54.50; H, 4.58; N, 10.60. 
Found: C, 55.04; H,  4.82; N, 10.78. 


The dihydrochloride was obtained by addition of absolute 
ethanol to its aqueous solution; m.p. 235" (dec.). 


Anal.-Calcd. for C ~ ~ H S ~ N ~ O & :  C, 68.80; H, 4.27; N, 6.97; 


2 I 2-2 15 '. 
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Anal.-Calcd. for ClzH,,ClzN20Sz: C, 42.73; H, 4.18; N, 8.31. 
Found: C, 42.90; H, 3.83; N, 8.12. 


CPhthalimidoacetamidophenyl 4-Phthalimidoacetamidobenzene- 
thiolsulfinate-To a mixture of 20 ml. of dimethylformamide and 
20 ml. of pyridine at 0" were added 1.32 g. (0.005 mole) of4-amino- 
phenyl 4-aminobenzenethiolsulfinate and 2.24 g. (0.01 mole) 
of phthalimidoacetyl chloride (19) during 10 min. The reaction was 
carried out in the same manner as for the corresponding disulfide, 
and 1.0 g. (32%) of product was obtained, m.p. 258-263" (dec.). 


Anal.-Calcd. for C32H22N40&: C, 60.19; H,  3.47; N, 8.78. 
Found: C, 59.95; H,  3.75; N, 8.51. 
4-(2-Phthalimido-3-phenyl)-propionamidophenyl 4-(2-Phthalimi- 


do-3-phenyl)-propionamidobenzenethiolsulfinat~To a mixture of 20 
ml. of dimethylformamide and 20 ml. of pyridine at 0" were added 
1.32 g. (0.005 mole) of 4-aminophenyl4-aminobenzenethiolsulfinate 
and 3.1 5 g. (0.01 mole) of 2-phthalimido-3-phenylpropionyl 
chloride (19) during 10 min. The reaction was carried out as in the 
preceding case, and 3.3 g. (78%) of pale yellow product was ob- 
tained; m.p. 268-271' (dec.). 


Anal.-Calcd. for C46H34N40&: C, 67.45; H, 4.19; N, 6.84. 
Found: C, 67.52; H, 4.43; N, 6.93. 


4-Acetamidophenyl 4-Acetamidobenzenethiolsulfinate-To a solu- 
tion of 1.32 g. (0.005 mole) of 4-aminophenyl 4-aminobenzene- 
thiolsulfinate in 20 ml. of dimethylformamide was added an excess 
of acetic anhydride. The mixture was stirred for 15 min. and poured 
into cold water; further stirring coagulated the product. It was col- 
lected and recrystallized from glacial acetic acid, giving 1.0 g. 
(60%) of yellow solid, m.p. 200" (dec.). 


And-Calcd. for Cl6Hl6NZ0&: C, 55.15; H, 4.63; N, 8.04. 
Found: C, 55.08; H, 4.59; N, 8.26. 


4-Methanesulfonamidophenyl 4-Methanesulfonamidobemene- 
thiolsulfinate-To a solution of 0.4 g. (0.0015 mole)of 4-aminophenyl 
4aminobenzenethiolsulfinate in 30 ml. of dry pyridine was added with 
stirring 0.5 ml. (0.006 mole) of methanesulfonyl chloride. The mix- 
ture was stirred for 15 min. and poured into cold water; the yellow 
product (0.47 g., 7573 was collected; m.p. 205-208" (dec.). 


Anal.--Calcd. for C14H16N205S4: C, 39.98; H, 3.83; N, 6.66. 
Found: C, 40.65; H, 3.90; N, 7.20. 


Bis-(4-nitrophenyl) Sulfone-To a refluxing solution of 15.4 g. 
(0.05 mole) of bis-(4-nitrophenyl) disulfide (Eastman Organic Chem- 
icals) (recrystallized from glacial acetic acid) in 100 ml. of glacial 
acetic acid was added 6.0 ml. of 30% hydrogen peroxide. An ad- 
ditional 6.0 ml. of 3 0 z  hydrogen peroxide was added after 2 hr. 
The reaction mixture was allowed to cool after 12 hr. of refluxing, 
and the precipitate was isolated. The pale yellow crystals were 
washed several times with water and dried in wcuo, giving 1.5 g. 
(1Oz) of product, m.p. 251-255" (lit. 252-253") (14,15). 


Anal.-Calcd. for C12H8N206S: C, 46.75; H,  2.62; N, 9.09; S ,  
10.40. Found: C, 47.04; H,  2.78; N, 9.17; S, 10.90. 
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Synthesis of Potential Antimalarials: Primaquine Analogs 


S. M. TALATI, M. R. LATHAM, E. G. MOORE, G. W. HARGREAVES, and 
C. DeWITT BLANTON, Jr.” 


Abstract 0 A series of 8-aminoquinolines, analogous to prim- 
aquine and carrying a substituent in position two, have been syn- 
thesized by standard methods and tested for activity against Plas- 
modium berghei in mice. The results of preliminary biological tests 
are reported. 


Keyphrases 0 8-Aminoquinolines-synthesis 0 Antimalarial 
activity-8-aminoquinolines 0 TLC-separation 0 IR spectro- 
photometry-identity 


Quinoline quinones may offer a lead in the search 
for better antimalarials, since the mechanism of action 
for the important 6-methoxy-8-aminoquinolines ap- 
pears to involve their in vivo conversion to the quino- 
line-o-quinone (1, 2). Pamaquine-5,6-quinone (1) is ap- 
parently identical with a product isolated from the 
feces of chickens which have been fed the drug (3, 4), 
and this metabolite has been reported to be 16 times as 
active as the parent in vitro ( 5 ,  6). It is likely, therefore, 
that the antiplasmodial activity (Plasmodium gallin- 
aceum) was associated with the metabolic intermediate. 
Thus, the high in vitro antimalarial activities of 6-hy- 
droxypentaquine, pentaquine-5,6-quinone, and pama- 
quine-5,6-quinone, in contrast to the in vitro inactivity of  
pentaquine (11) and pamaquine (HI), lend support to 
Schonhofer’s theory (7-9) that the in vivo action of the 
8-aminoquinolines upon the erythrocytic or tissue stages 
of malaria plasmodia is due to the quinonoid products 
to which these drugs are converted by the host. 


Much of the early work directed toward the synthesis 
of various 5,6-quinones was apparently abandoned be- 
cause of compound instability. However, a clue to a 
technique for stabilizing the quinoline-o-quinone may 
be found in a paper by Holmes (lo), involving introduc- 
tion of a 2-hydroxyl function into the quinoline nucleus. 
Furthermore, the introduction of such a group suggests 
a modification which might be made in the 8-amino- 
quinolines in order to lower toxicity. Holmes (10) 
speculated that the oxidative detoxication of quinine 
by rabbit liver, far from indicating, as usually assumed, 
the advantage of blocking the 2-position of the quino- 
line antimalarials, might equally well be construed as an 
argument in favor of deliberately introducing an oxygen 
at this position. Specifically, it appears possible that 
substances which are structurally related to the %amino- 
quinoline drugs, and which are both quinoline quinones 
and carbostyrils, might exhibit a desirable combination 
of low toxicity and high antimalarial activity. 


This report describes experiments directed toward 
the synthesis of substituted 8-aminocarbostyril-5,6- 
quinones (IV) with particular attention given to the 
synthesis of analogs of primaquine (V), as this agent is 
among the more active 8-aminoquinoline antimalarials. 
The target compounds (IV) were not obtained, but a 
series of 2-benzyloxy- or 2-hydroxy-6-alkoxy-8-(amino- 


0 


I 
HN-R’ 


I; R = H, R.’ = -CH(CH,)(CH2)3N(C,H,)z 
IV; R=OH,  R’=-CH(R”XCHz)nNHz 


R” = H, CH, n = 1-4 


II; R = -(CHZ),NHCH(CH.& 
III; R=-CH(CHJ(CHZ)3N(C2H5)2 
V; R = -CH(CHJ(CHZ),NHz 


alky1amino)quinolines were successfully prepared. These 
represent a new group of 8-aminoquinolines, which are 
the immediate precursor of the carbostyril-o-quinones. 


To achieve the synthesis of the desired carbostyrils, 
it was necessary to prepare 2-benzyloxy-6-alkoxy-8- 
aminoquinoline (VI) (1 I), followed by incorporation 
of an appropriate side chain at position-8 (VII, VIII) 
(11, 12) and cleavage of the ether (IX) (11) or ethers 
(X) (11, 13) (see Scheme I). Theoretically, oxidation 
(1 ,  10) of this latter product (IX or X) should give the 
carbostyril-o-quinone (XI). Present evidence (IR, ele- 
mental analysis, molecular weight, etc.) suggests that 
the quinoline nucleus was destroyed in attempts to 
prepare the carbostyril-5,6-quinones. 


In addition to the 6-methoxy derivatives, the authors 
have prepared several 6-ethoxy derivatives, since re- 
ports (13) in the literature indicate that ethyl ethers are 
more readily cleaved to the hydroxyl compound. The 
nature of the substituent on the 8-amino function was 
varied by incorporating different homologs of the 
alkylamino moiety (VIII), as well as some arylalkyl 
amino moieties (XII) (see Scheme 11). 


As cleavage of the 2-benzyloxy analogs produced 
erratic results during attempted hydrogenolysis to the 
2-hydroxy analogs (IXa-e) (1 1) ,1  a 2-methoxy analog 
(VIII6) was prepared in hope of achieving simultaneous 
acid cleavage of the 2,6-dialkoxy moieties (X). Pre- 
liminary experiments for this latter reaction have not 
been successful. 


PHARMACOLOGICAL RESULTS 


Test Methods-The compounds were tested against P. berghei 
in mice and P. gaIlinaceum in chicks and P.  gallinaceum in mos- 
quitos.a 


1 Only one of the 2-hydroxy-6-alkoxy-8-aminoquinoline derivatives 


2 These test data were suppl~ed by the Walter Reed Army Institute of 
was obtained by this procedure-uiz., IXd. 
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RO 


W O R ’  - CHO 


I 
NH2 


VIa; R = CH3, R’ = C6H5CH2- 
b; R=CzH5,R’=CGH,CH,- 
c;  R = CzH5, R’ = CH, 


\ XIIa; R = 
b ; R  = 


p-amino 
m-ammo 


V“ (a--.U) 


R =  H, CH, 
n = 1-4 Xllc; R = p-nitro 


Scheme I1  
RO 


D O R !  mosquito test by Dr. E. J.  Gerberg, Insect Control and Research, 
Inc., Baltimore, Md. (17). 


Testing Results-Table I summarizes the results of the Com- 
pounds VIIIa-e. Chloroquine, quinine, and primaquine are 
included for comparison. The other compounds discussed in this 
paper are not included because they were found inactive in these 
test systems. 


Compound VIIIa was also tested as a prophylactic agent by Dr. 
King. It was found inactive at  480 mg./kg. while primaquine 
demonstrated activity at 90 mg./kg. 


None of the compounds was active in the mosquito test. 


I 


I 
NH 


R”-CH-(CH,),-NH, 
2 HI 


VIII (a-e) 


EXPERIMENTAL 


All melting points were taken on a Mel-Temp capillary melting 
point apparatus and are uncorrected. The microanalyses and molec- 
ular weight determinations were by Galbraith Laboratories, Inc., 
Knoxville, Tennessee. IR spectra were determined with a Perkin- 
Elmer model 137 Infracord. TLC was performed on plates coated 
with silica gel G and Eastman chromatogram sheets, type 6060. 


6-Methox y-S-nitroquinolineand 6-Ethoxy-S-nitroquinoline(XIJIk 
These quinolines were prepared from 4-methoxy-2-nitroaniline and 
4-ethoxy-2-nitroaniline by the procedure of Mosher et al. (18) or 
by the procedure of Yale et al. (19). (6-Methoxy-8-nitroquinoline 
was also purchased from Winthrop Laboratories, N. Y . )  


Table I-Increase in Mean Survival Time (Days) 


Dosage, mg./kg. 7 


P. 
gallinaceurn 
in Chicksb -P. berghei in Micen- 


Compound 40 1 60 640 1 20 
Mice were infected by two routes: (a) intraperitoneal injection of 


parasitized blood, and (b) intraperitoneal injection of a sporozoite 
suspension. The first test was conducted by Dr. L. Rane, University 
of Miami (14-16) and the other by Dr. Maurice King, Illinois In- 
stitute of Technology.3 


The testing in chicks was also conducted by Dr. Rane4 and the 


VIIIa 1 . 7  
1 . 7  


3 .5  
3.3 


6 . 4  


6.8  
6.4” 
9 . 5  (3/5)f 
7 .6  


15.7“ 
10.2d 
Inactive 
Inactive 
(5 /5 ) f  


VIIIb 
VIIIC 
VIIId 


- 


0.5  
0.5 
4 .6  
1.2 
4.5 


3 .9  (2/5)’ 
4 . 1  


10.0 
3 . 4  
8.8 (215)’ 


VIIIe 
Chloroquine 
Quinine 
Primaquine 


phosphate 


3 The detailed test method will be published elsewhere. Mice were 
treated with drug on Days-I, 0, and 1 days of infection. Blood smears for 
parasite determination are made on Days 6, 10, 14, and 21 after infec- 
tion. Drug effectiveness was evaluated by comparing the mean para- 
sitemia of the drug-treated group to that of the nondrug-treated con- 
trols at slideDay 14. A value of Less than 0.25 of the control value was 
considered for activity. Primaquine was active under these conditions. 


4 Chicks (9-12 days old) were infected with a uniform disease fatal to 
100% of untreated controls within 3-4 days. Compounds under test 
were dissolved or suspended in peanut oil and administered subcu- 
taneously or per 0s immediately after infection of the chicks. An in- 
crease of 100% in survival time was considered to be the minimum 
effective response to the antimalarial activity of a drug. Chicks that 
survived for 30 days were recorded as cured. 


a A compound is considered to be active if the mean survival time of 
the treated group is more than double the mean survival time of the 
control group ( 5  animals were used in a group). Controls normally 
live 6-7 days. b Controls normally live 3-3.5 days. c Curative for one 
animal. d Curative for two animals. 6 At 140 mg./kg. f Drug toxicity is 
considered the cause of death when treated animals die before controls; 
fractions in parentheses represent toxicity death over total animals in 
treated group. 
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Table 11-Substituted 8-(Phthalimidoalkylaniino)quinolines (VII) 
~ ~~ 


Structure Yield, -Anal., %--- 
(VIU R R' R" n M.p. 73 Calcd. Found 


CtjHjCHz- 


CtjH5CHz- 


CtjH 5CHz- 


CH3- 
CtjHsCHz- 


CH3 


H 


H 


H 
H 


121-123 


117 


139-140 


101-102 
65-68 


25-37 


46.5 


42 


500 
38c 


C, 72.73 
H,  5.86 
N, 8.47 
C, 72.04 
H, 6.00 
N, 8.69- 
C ,  72.30 
H, 5.60 
N, 8.75b 


C, 72.48 
H,  5.97 
N, 8.58 
C, 71.95 
H, 5.82 
N, 8.54 
C, 72.41 
H,  5.86 
N, 5.75 


Q Molecular weight calculated for 483; found 947. (Dimer calculated mol./wt. = 966.) b Molecular weight calculated for 481 ; found 493. c This inter- 
mediate not analyzed at this step. 


6-Methoxy-8-nitroquinoline and 6-Ethoxy-8-Ntroquinoline Meth- 
iodides (X1V)-The quaternization procedure of Mislow and 
Koepfli (11) was utilized. The yield of the 6-methoxy derivative 
(XIVa) was 9Ck98z of theory, melting at 143-144" (lit. m.p. 
149 "). 6-Ethoxy-8-nitroquinoline methiodide (XIVb) was pre- 
pared in a crude yield of 9873 and, after recrystallization from 
butanol, melted at 143-145'. 
6-Methoxy-l-methyl-8-Ntro-2-quinolone and 6-Ethoxy-1-methyl- 


8-nitro-2-quinolone (XV)-The crude methiodides (XIV) were 
oxidized by the procedure of Mislow and Koepfli (11). 6-Methoxy- 
l-methyl-8-nitro-2-quinolone (XVu), prepared in a 61.5 % yield, 
melted at 190-191 (lit. m.p. 18&187"). 6-Ethoxy-l-methyl-8- 
nitro-2-quinolone (XVb) was recrystallized from methanol to give 
a 50% yield, m.p. 154-155". (If pure methiodide was used, the 
yield could be raised to 87%.) 
2-Chloro-6-methoxy-8-nitroquinoline and 2-Chloro-6-ethoxy-S- 


nitroqninoline (XVItChlorination of the quinolone (XV) was 
carried out by the procedure of Mislow and Koepfli (11). The 2- 
chloro-6-methoxy derivative (XVIa) was obtained in a 71 % yield, 
m.p. 224-226" (lit. m.p. 225-226'). 2-Chloro-6-ethoxy-8-nitro- 
quinoline (XVIb) was prepared in a 77% yield, m.p. 162-162.5". 


And-Calcd. for C11HoCINz03: C, 52.28; H, 3.56; N, 11.09. 
Found: C, 52.30; H, 3.60; N, 10.92. 


6-Methoxy-8-nitrocarbostyril and 6-Ethoxy-8-nitrocarbostyril 
(XV1I)-Hydrolysis of the chloro compounds (XVI) was accom- 
plished using the procedure of Mislow and Koepfli (11). The 6- 
methoxy derivative (XVIIa) melted at 209-211" (lit. m.p. 210- 
211"). The ethoxy derivative (XVIIb) was obtained in a yield of 
76% and melted at 162-164'. 


And-Calcd. for C1lHlaNzO,: C, 56.39; H, 4.30; N, 11.87. 
Found: C, 56.18; H,4.33; N, 11.90. 
2-Benzyloxy-6-methoxy-8-Ntroquinohe and 2-Benzyloxy-6- 


ethoxy-8-nitroquinoline (XVIII-The carbostyrils (XVII) were 
benzylated by standard procedures (1 1). The 6-methoxy derivatives 
(XVIIIa; 6576% yield) melted at 137-139" (lit. m.p. 139-140"). 


Table 111-Substituted 8-(Aminoalkylamino)quinolines (VIII) 


2-Benzyloxy-6-ethoxy-8-nitroquinoline (XVIIIb), obtained in a 
52% yield, melted at 125-126". 


Anal.-Calcd. for CI8Hl6N2O4: C, 66.66; H, 4.93; N, 8.64. Found: 
C, 66.82; H, 4.83; N, 8.62. 
2-Benzyloxy-6-methoxy-8-aminoquinoline and 2-Benzyloxy-6- 


ethoxy-8-aminoquinoline (VIj-Reduction of the nitro compound 
(XVIII) was accomplished by the procedure of Mislow and Koep- 
fli (11). Yields of 4&60z were obtained for the 6-methoxy deriva- 
tive (VIa), which melted at 84-85" (lit. m.p. 8687"). 2-Benzyloxy- 
6-ethoxy-8-aminoquinoline, obtained as a gray powder (74 %), 
melted at 120-122". 


And-Calcd. for Cl8Hl8N2OZ: C, 72.98; H, 6.08; N, 9.46. Found: 
C, 73.54; H, 6.37; N, 9.27. 


Sample revealed only one spot on TLC (silica gel G plate eluted 
with chloroform-ethanol, 15 : 1). 


Preparation of 2-Methoxy-6-ethoxy-8-Ntroquinoline ( X I X e T o  a 
solution of 23.85 g. of 6-ethoxy-8-nitrocarbostyril (XVIIb) in 500 
ml. of hot 2.5 N sodium hydroxide was added 200 ml. of dimethyl- 
sulfate in 25-ml. portions, the solution being basified after each 
addition. On cooling, light-yellow needles crystallized out. Recrys- 
tallization from ethanol gave a product which had three spots on 
TLC. The material was placed on an alumina column and eluted 
with benzene-chloroform, chloroform-ethanol, and ethanol. Frac- 
tion I (benzene-chloroform) gave 12.8 g. of shining yellow plates, 
m.p. 128-129". Fraction I1 (chloroform-ethanol) gave 4.4 g. of 
yellow needles, m.p. 155-156". The melting point and IR spec- 
trum revealed that the product from Fraction I1 was identical to 
l-methyl-6-ethoxy-8-nitro-2-quinolone (XVb). The last fraction 
gave a small amount of starting material, m.p. 164165". The prod- 
uct from Fraction I was recrystallized as the 2-methoxy-6-ethoxy-8- 
nitroquinoline. This product was homogeneous on TLC (benzene- 
chloroform, 15 : 3). 


And-Calcd. for ClZHlzNzOa: C, 58.06; H,  4.83; N, 11.29. 
Found: C, 57.95; H, 4.92; N, 11.15. 


Structure -Anal., %- 
(VIII) R R' R" n M.p. Yield Calcd. Found 


C,  42.51 a CzzHzJzN30z CH3 CtjHsCHz- CH3 3 125 dec. 7 4 9 2  C,  42.35 
H, 4.71 H, 4.67 


N, 6.76 N, 6.66 
C, 41.17 b C Z ~ H Z ~ I Z N ~ O Z  CzHs CGHsCHz- H 2 119-120 85 C, 41.52 


dec. H. 4.45 H. 4.41 


dec. H; 4.33 H, 4.56 
N, 7.91 N, 7.80 


e C Z Z H Z , ~ N ~ O ~  CHI CtjHsCHz- H 4 92-95 dec. 79.1 C, 42.55 C, 42.27 
H, 4.71 H, 4.98 
N, 6.86 N, 6.56 


= This compound (VIIIb) was also,prepared as the monohydrated diphosphate salt. Calcd. for CZ~H~IN~OIIPZ:  C, 44.62; H, 5.84; N, 7.43. Found: 
C, 44.59; H, 6.29; N, 7.43. b Percent iodine: calcd., 41.68; found, 41.68. 
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If care was taken to ensure complete solution of the 6-ethoxy-8- 
nitrocarbostyril before addition of the dimethylsulfate, it was 
possible to raise the yield of desired product. In one case, tetrahy- 
drofuran was employed to facilitate solution in the hot alkali solu- 
tion (65-70”). With this modification, the procedure gave 86.69;: 
2-methoxy-6-ethoxy-8-nitroquinoline, m.p. 125-1 26”. 
2-Methoxy-6-ethoxy-8-aminoquinoline (VIc)-A suspension of 2- 


methoxy-6-ethoxy-8-nitroquinoline was reduced on the Parr ap- 
paratus with platinum oxide. The product, which melted at 140- 
143” (72z), was used in the next step without elemental analysis 
(preparation of VlIId). 


Preparation of N-(Bromoalky1)phthalmides (XX)-The pro- 
cedure of Elderfield et al. (20) was employed. [N-(3-Bromopropyl)- 
phthalimide was obtained commercially.] 


Preparation of 2-Benzyloxy(or methoxy)-6-methoxy(or ethoxy)-S- 
(phtha1imidoalkylamino)quinolines (VIla-e, Table 11)-The pro- 
cedure of Elderfield (20) was slightly modified for this condensa- 
tion. A solution of 0.08 mole of 2-benzyloxy(or methoxy)-6- 
methoxy(or ethoxy)-8-aminoquinoline, 0.4 mole of sodium acetate, 
and 0.08 mole of the appropriate N-(bromoalky1)phthalimide in 
300 ml. of 66% ethanol was refluxed for 3 days. An additional 
quantity of the phthalimide (0.08 mole) was added on the second 
day and 0.4 mole of sodium acetate was added each day. The pH 
was maintained near 7-8. A dark-brown oil separated from the 
reaction. The reaction mixture was cooled, diluted with 600 ml. of 
water, saturated with potassium carbonate, and extracted with 
ether. (Any solid, which appeared, was collected with the ether 
fraction.) The ether extract was concentrated to one-half its original 
volume and chilled to give a yellow precipitate. [In some cases, it 
was necessary to dry the ether extract (MgS04), evaporate to dry- 
ness, and add anhydrous ether to achieve a precipitate.] The product 
which dissolved in the ether was found to be a mixture of starting 
materials. This procedure generally yielded a product of sufficient 
purity for the next step-TLC showed the product to be homoge- 
neous. Analytical samples were prepared by recrystallization from 
95 ethanol or aqueous DMF (see Table I1 for physical data). 


Preparation of 2-Benzyloxy(or methoxy)-6-methoxy(or ethoxy)-8- 
(aminoalky1amino)quinoliie Dihydriodides (VIIIu-e, Table II1)- 
The procedure of Mosher (12) was utilized. In some cases, the 
phthalimido product was not readily soluble in ethanol, and solu- 
tion was achieved by the addition of chloroform. TLC showed the 
product to be homogeneous (methanol-diethylamine, 19:l) (see 
Table 111 for physical data). 


Preparation of 6-Ethoxy-8-(3-aminopropylamino)carbostyr~l 
Monoacetate ( I X b F A  solution of 2-benzyloxy-6-ethoxy-8-(3- 
aminopropy1amino)quinoline was reduced on the Parr apparatus 
with palladium oxide. The product was isolated as the mono- 
acetate and recrystallized from absolute ethanol to give light-yellow 
needles (47.7%), m.p. 183-184” (IR 3450, 1670, 1610, and 1550 
cm.-’). 


Anal.-Calcd. for C16H23N30cl: C, 58.22; H, 7.16; N, 13.08. 
Found: C, 58.00; H, 7.33; N, 12.87. 


2 - Benzyloxy - 6 - methoxy - 8 - (4 - amino - 1 - methylbutylamino) 
quinoline (VIIIa) and 2-benzyloxy-6-methoxy-8-(4-aminobutyl- 
amino)quinoline (VIIIc) were subjected to similar reaction condi- 
tions, but the analytical data were inconclusive and structural as- 
signments have not been made at this time. 


(VIIIa to IXa) Anal.-Calcd. for CI5HzlNa02. CH3COOH (IXa) : 
C, 61.07; H, 7.18; N, 12.57; mol. wt. 334. Found: C, 57.29; H, 
6.89; N, 13.35; mol. wt. 210 (CH20H). 


(VIIIc to IXc) And-Calcd. for CI4Hl9N3O2~CH8COOH (IXc): 
C, 60.00; H, 6.87; N, 13.12. Found: C, 55.06; H, 6.70; N, 13.49. 
In one experiment, attempts were made to isolate the carbostyril 


as the hydriodide salt. It was not possible to obtain a product that 
was homogeneous on TLC. 


Anal.-Calcd. for CI5H2,N3O2.2HI: C, 33.96; H, 4.15; I, 48.21; 
N, 7.92. Found: C, 36.44; H,4.54; I, 46.22; N, 7.10. 


Attempted Preparation of 2,6-Dihydroxy-8-(3-aminopropyl- 
amino)quinoline (X)-A solution of 8 g. (0.022 mole) of 2-benzyloxy- 
6-ethoxy-8-(3-aminopropylamino)quinoline in 50 ml. of methyl 
cellosolve was heated and stirred with 80 ml. of 48 9;: hydrobromic 
acid at 120-130” for 4 hr. The solvent was evaporated, in uacuo, 
to give the hydrobromide which was suspended in water and 
neutralized with sodium bicarbonate to give a product of unknown 
structure. This substance was recrystallized from pyridine-water to 
give yellow platelets, m.p. 202-203 O. IR spectrum indicated ether 
cleavage, showing a band at 1680 cm.-’, characteristic for carbonyl 


absorption. However, molecular weight and elemental analysis did 
not correlate with calculated values. TLC showed the product to be 
homogeneous (methanol-diethylamine, 15 :2). 


Anal.-Calcd. for ClzHlsN302: C, 61.80; H, 6.43; N, 18.02; 
mol. wt., 233. Found: C, 70.90; H, 7.33; N, 11.83; mol. wt. (DMF), 
480. 
2-Benzyloxy-6-methoxy-8-(4-aminobenzylamino)quinolhe Dihy- 


drochloride (XII)-This procedure was adapted after that of Tipson 
and Clapp (21). Two grams (0.007 mole) of 2-benzyloxy-6-methoxy- 
8-aminoquinoline was mixed with 1.5 g. of pnitrobenzaldehyde in 
25 ml. of DMF and 5 drops of piperidine. This mixture was al- 
lowed to stand for l hr. with stirring after heating just briefly on a 
water bath. The solution was then shaken on the Parr apparatus, 
under hydrogen, with platinum oxide until 3 p.s.i. of pressure 
had been lost. Filtration of the catalyst and dilution of the filtrate 
with water gave a greenish-yellow product. This substance was 
dissolved in ether, dried, and treated with charcoal before removal 
of the drying agent. Hydrogen chloride was passed through the 
ethereal solution to  give a product melting at  225-227” (78z  yield). 
TLC revealed only one spot (methanol-diethylamine, 19 : 1) (IR 
3400, 2850, 1610, and 1580 cm.-I). Analytical sample recrystallized 
from ethanol-ether. 


Anal.-Calcd. for CZ4Hz1N302~2HC1: C, 62.88; H, 5.46; N, 9.17. 
Found: C, 62.76; H, 5.61; N, 9.20. 


It was possible to isolate and characterize the intermediate, 2- 
benzyloxy-6-methoxy-8-(p-nitrobenzylideneamino)quinoline, m.p. 


Anal.-Calcd. for CZ4Hl9N3O4: C, 69.73; H, 4.60; N, 10.16. 
Found: C, 69.65; H, 4.73; N, 9.92. 


2 - Benzyloxy - 6 - methoxy - 8 - (3 - aminobenzy1amino)quinoline 
dihydrochloride (XIIb), m.p. 149-152”, was prepared by a similar 
procedure. 


Anal.-Calcd. for C24H21N302-2HC1 (XII6): C, 62.88; H,  5.46; 
N, 9.17. Found: C, 62.68; H, 5.32; N, 9.09. 


11 8-122” (XIIC). 
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Odor Threshold and Gas-Chromatographic Assays of Vaginal Odors: 
Changes with Nitrofurazone Treatment 


A. DRAVNIEKS, B. K. KROTOSZYNSKI, L. KEITH*, and I. M. BUSH* 


Abstract 0 Although vaginal disorders are frequently accompanied 
by malodors, the efficiency of drugs to reduce the malodors by 
reducing the infection has been difficult to  estimate. Recently, 
techniques have become available for combining sensory and gas- 
chromatographic approaches to compare odor intensities of com- 
plex vapor mixtures. These techniques were applied to vaginal 
odors. An apparatus was devised to collect vaginal vapors in a form 
suitable for odor-revelant gas-chromatographic analyses, as well 
as for odor-threshold determinations. Odor changes in vaginal 
vapors upon treatment with nitrofurazone vaginal suppositories 
were studied on five patients with several types of disorders (hema- 
turia, endometritis, and stress incontinence). The distribution of 
odorous components in the gas chromatograms reflected, through 
disappearance of many malodorous peaks, a significant reduction 
in the content of the malodorous volatile compounds in the vaginal 
vapors. Odor-threshold measurements were conducted in an ap- 
paratus where nonodorous methane tracer and a hydrogen-flame 
ionization detector were used to measure the degree of vapor dilu- 
tion needed to reach the threshold, using the ASTM odor-threshold 
test design combined with EDao statistics. These measurements 
similarly indicated that odors were reduced by the drug. 


Keyphrases 0 Vaginal odor threshold, intensity-analysis IJ 
Odors, vaginal-threshold, intensity determination 0 Nitrofurazone 
effect-vaginal odors 0 GLC-analysis 


It is usually noted that a reduction in bacterial popu- 
lation in suitable media is accompanied by a reduction in 
the odors. Odor reduction is often subjectively observed 
when the antibacterial agent nitrofurazone is used in 
the treatment of vaginal disorders accompanied by 
malodor. In the absence of a satisfactory method for 
quantitative or precise qualitative assay of odors, such 
observations have remained in the form of testimonials. 


Recently, techniques have become available for more 
detailed studies of the odors in complex mixtures. These 
techniques are based on combinations of psychophysical 
(sensory) and gas-chromatographic methods, the latter 
providing means for collecting and separating the 
components of odorous vapors. In the present work 
these techniques were adapted to assay the vaginal odors 
and their changes upon treatment with an antibacterial 


1 Furacin Vaginal Suppositories, Eaton Laboratories, Division of the 
Norwich Pharmacal Co. 


preparation. Odor thresholds of vaginal vapors were 
also determined. 


PRINCIPLES OF ODOR MEASUREMENT 


The odor results from interaction of vapors with the observer’s 
chemoreceptors (primarily olfactory and to  some extent tri- 
geminal). Substances differ in odor thresholds, i.e., in the lowest 
concentrations in air at which the odors of their vapors can be 
detected. Observers also differ in sensitivity (olfactory acuity), so 
that odor thresholds are represented not by sharp concentration 
levels but rather by concentration zones, within which the thresholds 
for different observers can vary severalfold. To a lesser extent, 
thresholds as estimated by the same observer may vary from time to 
time. 


Above threshold levels, odor intensity increases in proportion to a 
fractional power (0.2-0.7) of the odorant concentration in air. These 
relations are expressed in Stevens’ law (1,2): 


= k (c - Cthr.)z (Eq. 1 )  


where Z is psychophysical odor intensity, k is a coefficient (small for 
weak odors, large for strong odors), C is concentration of the odor- 
ant in air, Cthr. is threshold concentration of the odorant, and x is an 
exponent. The values of k, Cthr., and x are not necessarily related. 
Corollaries of this expression are: (a) odor intensity experienced by 
an observer does less than double when the odorant’s concentration 
is doubled; e.g., for x = 0.5, the concentration must increase by a 
factor of 4 to increase the intensity by a factor of 2; (b)  if an 
odorant A has smaller values of k and x than another odorant B, an 
undiluted A can smell weaker than undiluted B, while diluted A can 
smell stronger than similarly diluted B; (c)  since the highest possible 
concentration of an odorant is at its saturation pressure, odorants 
with low x ,  or high threshold and an average x ,  may never reach very 
high odor intensity. 


Odor-threshold values, therefore, do not necessarily indicate the 
undiluted odor intensity; rather, the odor of a lower threshold 
odorant will be noticed farther from the source than will that of a 
higher threshold odorant. In addition, above the threshold, the 
character of the odor can be objectionable, as with the malodors, or 
acceptable, as with fragrances. 


The composition of odorous vapors of biochemical origin is com- 
plex, with many odorants participating. Odorants present at sub- 
threshold concentrations can summate (sometimes even syner- 
gistically) to reach threshold and can modify the character of odors 
of other substances which are present at suprathreshold levels. In 
odor assay, therefore, all those substances that are present at 
levels exceeding reasonable fractions, e.g., one-tenth of their thresh- 
old concentrations, must be considered. Gas-chromatographic tech- 
niques permit the delivery of separated components for sensory 
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These results support the view that the catatoxic action of differ- 
ent steroids is not subordinate to any presently known specific 
hormonal action (1). 
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Subcutaneous Absorption Kinetics of Benzyl Alcohol I1 


BERTON E. BALLARD and EFRAIM MENCZEL* 


Abstract 0 Under multiple-dosing conditions at a subcutaneous 
site, equations were derived which permit one to estimate the 
number of doses, n, required to  approach within f 1 %  (or any 
other fixed fraction) of the asymptotic minimum level: n 3.3219 
[ ( ~ o . s ) / T ]  log,, Q, where Q > + 1.  Here to.6 i s  the absorption half-life 
of benzyl alcohol from a subcutaneous absorption cell, 7 is the dosing 
interval, Q (always positive) equals (a - l)/((~ - 1), (Y equals 
Bt!JBZin. (and is 0.99 or 1.01 in this example), and p equals 
B”/Bzin., where B” equals Bi - Bm. Definitions: B,!& = amount 
of benzyl alcohol in the cell per unit area of subcutaneous tissue 
one 7 after the nth dose, B&. = asymptotic minimum amount of 
benzyl alcohol in the cell per unit area, Bi = initial dose of benzyl 
alcohol per unit area, and Bm = constant maintenance dose of 
benzyl alcohol per unit area (Bi > Bm). The benzyl alcohol dis- 
appears from the cell in an apparent monoexponential manner. 


Keyphrases 0 Benzyl alcohol-subcutaneous absorption 0 
Kinetics-benzyl alcohol, subcutaneous absorption 0 Equations- 
dosage numbers/subcutaneous area for asymptotic minimum level 


In a recent report from this laboratory (I), a multiple- 
dosing procedure was used in connection with a study 
of the subcutaneous (s.c.) absorption kinetics of benzyl 
alcohol (BA) dissolved in normal saline (NS). The BA 
in NS solution was contained in a glass absorption cell 
affixed to the moist S.C. tissue of an anesthetized rat by 
a silicone adhesive. The solution was kept homogeneous 
by means of a vibrating stirrer. The use of this cell made 
it possible to control the area of S.C. tissue exposed to 
the drug solution at all times and to sample the cell’s 
contents periodically. 


Although the number of doses per unit area (p.u.a.) 
of S.C. tissue needed to approach within * I %  of the 
asymptotic minimum value were shown in Table IV 
of the previous report (l), details of the mathematical 
calculations were omitted. The purpose of this note is 
to derive the equations needed to make this estimation. 


THEORETICAL 


Under multiple-dosing conditions, where the mean volume of 
drug solution in the cell was nearly constant throughout the ex- 
periment, and the drug was administered at the times zero, T ,  2 ~ , 3 7 ,  
. . . , the following equation can be derived (1): 


where Bc in this case is the amount of drug in the cell p.u.a. just 
after the administration of the nth dose p.u.a. In Eq. 1 it is assumed 
that the drug disappears from the cell in an apparent monoex- 
ponential manner and the initial dose p.u.a., Bi, equals the constant 
maintenance dose(s) p.u.a., Bm, in magnitude. Thus 


B‘ = Bi = Bm (Eq. 2) 


The term P in Eq. 1 is the mean penetration coefficient having the 
units of time-’, n is the integer number of initial and maintenance 
doses administered, and T is the constant dosing time interval. 


When Bi is larger than Bm, then 


Bi = B“ + Bm (Eq. 3) 


where B” is the amount of drug p.u.a. in the cell administered along 
with Bm as a part of the initial dose p.u.a. and Bi > Bm. The amount 
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of drug in the cell p.u.a. at any time, Ec, can be calculated from Let 


where r is clock time starting at zero following the administration 
of the first dose p.u.a., and T is a new clock time starting just after 
the administration of the last maintenance dose. 


The minimum amount of drug p.u.a. in the cell,l E:;,,., one T 
after the administration of the nth dose p.u.a., can be calculated 
from 


After a very large (or infinite) number of maintenance doses p.u.a. 
has been administered, according to  Eq. 5 ,  the asymptotic mini- 
mum amount of drug p.u.a.,' s,",.., can be calculated from 


e - P r  


B,",,. = Bin (-) 1 - e-pT 


Let 


(Eq. 7) 


where an is a ratio of amounts or concentrations of drug with V 
being the constant for cell volume (or apparent distribution volume 
for the body). In this paper the value of E:!.. or (Eff;,, ./V) was arbi- 
trarily set equal to f 1 % of BZ,,, or (EZJV),  so that the value of an 
in Eq. 7 would be either 0.99 or 1.01, depending upon whether Kin. 
or (BZin./V) was being approached from below or above. 


Substitution of Eq. 7 into Eq. 5 yields 


Rearranging Eq. 8 yields 


Let 


where 0 is a ratio of amounts or concentrations of drug. Substitu- 
tion of Eqs. 6 and 10 into Eq. 9 yields 


0%. 11) a - p e - p n 7  + 1 - e-PnT n -  


or 


(a, - 1)  = e-'"'(P - 1 )  (Eq. 12) 


For a arbitrarily close to 1, say 101 - 11 = 0.01, it is desired to find 
the smallest n such that 


lan - 11 = Ie-'"'(P - 1)1 6 la - 11 (Eq. 13) 


Solving Eq. 13 for n gives 


Since P = In 2/ro.s, substitution of P into Eq. 14 gives 


1 The notation in this paper differs somewhat from that used pre- 
viously (1). The term &in. has been changed to because &in. in 
these derivations depends in part upon n. The term Bc,~.. has been 
changed to B%. to indicate more clearly that the asymptotic minimum 
amount of drug p.u.a. is evaluated at infinite time. 


where Q is always positive and greater than 
Eq. 16 into Eq. 15 yields 


(Eq. 16) 


1.2 Substitution of 


The time, t, needed for amounts or concentrations to reach within 
f l  % of the corresponding asymptotic values one T after the nth 
dose is 


t = nT (Eq. 18) 


RESULTS AND DISCUSSION 


Table I summarizes the data needed to estimate the doses, n, 
of the asymptotic value 


E L  or (EZin./U. 
The methods described are exact when it has been demonstrated 


that monoexponential loss of drug occurs from a compartment such 
as a subcutaneous absorption cell. However, when the concentra- 
tion-time course of drug in a compartment is best described by a 
polyexponential function (2), the methods described for calculating 
n and r must be used with caution. Also, other phenomena discussed 
by Wagner et a/. (3) may invalidate these procedures for multiple- 
dosing calculations. Two examples using literature data indicate how 
Eqs. 17 and 18 can be used to solve for the quantities 17 and t. The 
first example involves multiple intramuscular injection of drug; 
the second involves continuous intravenous infusion of drug. 


Example 1-Multiple Intramuscular Injection-Boxer et al. (4) 
injected streptomycin hydrochloride solutions intramuscularly 
into dogs at regular dosing intervals and followed changes in the 
plasma drug concentration with time. They derived an equation 
which permitted them to use the serum drug concentrations ob- 
tained at a given time after the initial dose was administered, but 
before the second dose was administered, to predict the serum 
drug concentration in the body at the same time interval after the 
last dose given after an infinite number of doses had been adminis- 
tered. The equation is 


and the time, r ,  to approach within f 1 


where CH is the actual concentration to be expected at the cor- 
responding time interval after a steady state has been established, 
c h  is an experimentally determined concentration at a time in the 
interval between the initial and second doses; k is the rate constant 
for the disposition of drug in the body, assuming it to be a single 
compartment; and T is the dosing interval. 


In the derivation of Eq. 19, Boxer er al. (4) assumed that the ab- 
sorption rate of streptomycin hydrochloride from the intramuscular 
site was extremely (or infinitely) rapid, so that the disappearance 
of drug from the serum could be described by a monoexponential 
function. There is evidence to indicate that drug absorption rate 
from this site is not instantaneous (5-8). However, Eq. 19 can be a 
useful fist approximation for the mathematical analysis of some 
clinical data involving blood or serum levels of drug. 


Data in the left half of Table IV of the Boxer et al. paper (4) 
show that the calculated value of Ch 3 hr. after the initial dose, and 
before the second dose was given, was 26.3 mcg./ml.; T is 3 hr., the 
mean value of k is 0.39 (f0.028) hr.-1; and the biological half-life 
in the dog is 1.78 hr. According to  Eq. 19, the calculated value of 
CH is 38.1 mcg./ml. The initial dose equals the maintenance dose 
(6 = 0), and substitution of these values into Eq. 17 gives the 
following value for a: 


* By appropriate substitution into Eq. 17, where0 > 0, it follows that 
when a > 0, then a = 0.99 and Q > + l .  When a < 0, then a = 1.01 
and Q > + 1.  It also follows that a # 0, because Q can never equal 1. 
Should Q = 1, then no doses would be required to reach the desired 
level, which is an obvious impossibility. 
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Table I-Number of Total Doses Necessary to Approach within f 1 of B,",,., and the Constants Needed for Its Calculation" 


- Animal 7 


Constant A B C D 


t o . 5  (hr.Ib 2.584 1.795 0.95; 1.33.4 
(to . 5 ) / 7 c  5.168 3.590 1.914 2.668 
BEin. (mg./cm. 2)d 7.003 4.335 2.711 3.748 
Bi (mg./cm.zy 7.39 6.74 5.68 5.47 
Bm (mg./cm.2)f 1.00, 0.923 1.18, 1.11, 
B" (mg./cm. 2)g 6.385 5.817 4.497 4.35, 
(01 - l ) h  -0.01 $0.01 f0.01 +o. 01 
( P  - 1Y -0.0882; +O. 3418; +O. 6588; +O. 16364 


nk >16 >18 >11 >10 
Q i  


t (hr.)l 8 9 5 .5  5 


8.82 34.2 65.9 16.4 


(16.28) (18.33) (11.57) (10.75) 


a For some constants in this table, extra digits were obtained by computational means and are indicated by subscripts. Subscripts are listed to 
minimize rounding-off errors in subsequent calculations, and do not imply that four significant figure experimental accuracy was achieved. * BA absorp- 
tion half-life in cell. c The dosing interval, 7, is 0.5 hr. d Calculated from Eq. 6. 6 Initial dose p.u.a. f Mean maintenance dose p.u.a. 0 Calculated from 
Eq. 3. h The term a is defined in Eq. 7. i The term p is defined in Eq. 10. i Calculated from Eq. 16. k Number of total doses p.u.a. needed for B&. to 
approach within + 1 of BZ,. one 7 after thenth dose as calculated from Eq. 17. 2 Time needed for amounts in the cell to reach within * 1 % of the 
asymptotic value of X i n .  calculated from Eq. 18. 


n 3 3.3219 (1.78/3) l O ~ ~ u ( - l / - O . O l )  3 3 (Eq. 20) 


Thus, about 3 hr. after three doses have been administered, the con- 
centration of drug in the serum should be within I % of that found 
3 hr. after the last dose given after an infinite number of doses had 
been administered. While the experimental value of 39.4 mcg./mI. 
found 3 hr. after three doses had been given does not quite fall 
within f l  % of the theoretical value of 38.1 mcg./ml., it is close, 
particularly if one takes into account the uncertainty in the value 
for k 3  The time needed to reach this level can be calculated from 
Eq. 18 and is 9 hr. 


Example 2-Continuous Intravenous Infusion-Wagner and 
Alway (9) studied data obtained from the continuous intravenous 
infusion of lincomycin hydrochloride to humans. Consider the case 
where the infusion rate, ko, is 50,000 mcg./hr. ; the apparent half- 
life for the disappearance of the drug from the body by all processes, 
assuming that it is a single compartment, is 3.91 hr. (k  = 0.177 
hr.-I); and the volume constant, V,  or the apparent volume of 
distribution is 26,000 ml. Using Eq. 21, it is possible to calculate the 
concentration, C,  of lincomycin in the fluids of distribution at any 
time: 


The concentration, C",  in the body at infinite time is 


C m  = k. 
Vk 


Substituting the appropriate values into Eq. 22, the value of C" 
is 10.9 m~g. /ml . ,~  and a concentration 1 %  less than this is 10.8 
mcg./ml. 


How long would the infusion apparatus have to run to reach the 
value of 10.8 mcg./ml.? As a first approximation, a continuous in- 
travenous infusion of a drug can be thought of as a process where a 
large number of small doses are administered at very frequent time 
intervals (e.g., intravenous drip). For the present discussion, let 
T = 3.91 X hr. (1.4 sec.), to.5/7 = lo4, and a = 0.99. The first 
dose is equal in magnitude to all succeeding doses, so that p = 0. 
The amount of drug administered in the first dose equals k07, and 
is 19.6 mcg. The number of doses needed to reach the 10.8-mcg./ml. 
level can be calculated from Eq. 17: 


n > 3.3219 (lo4) log~o(-l/-O.Ol) > 6.64 X lo4 (Eq. 23) 


3The value of k in this report is related to the K found by Boxer 
et al. (4) by the following equation: k = ( K  i one standard error) 
(-2.303) = (-0.17 i 0.012hr.-3 (-2.303) = 0.39 St 0.028 hr.-I. 


4This value of C" has been reached or exceeded in some clinical 
studies with this drug (10-13). 


and the time needed to reach the serum concentration of 10.8 
mcg./ml. calculated from Eq. 18 is 26.0 hr. 


If 200,000 mcg. of lincomycin hydrochloride was injected intra- 
venously in an instantaneous manner into the same subject, and 
the "continuous" infusion was then begun immediately (1.4 sec. 
later), how long would it take for the serum concentration of the 
drug to reach 10.8 mcg./ml.? The value of p can be calculated by 
substitution into Eq. 10: 


B"/V (200,000 mcg. - k07)/26,000 ml. p = -  - = 0.706 (Eq. 24) BSJV - 10.9 mcg./ml. 


To be mathematically exact in Eq. 24, one maintenance dose, kor, 
must be subtracted from the 200,000-mcg. initial dose. From a 
practical standpoint in this example, the kOT term can be ignored be- 
cause it was made negligibly small compared to the 200,000-mcg. 
first dose. The a-term remains at 0.99. Substitution of a and p and 
to.& = lo4 into Eqs. 16 and 17 gives a value of n of 4.88 X lo4. 
The time needed for the serum concentration to reach 10.8 mcg./ml. 
as calculated from Eq. 18 is about 19 hr. Thus, the time needed to 
approach within - 1 % of C" was reduced about 7 hr. when the 
initial dose was set at a value four times greater than the hourly 
amount delivered by the infusion apparatus. 
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Ethylene Oxide Penetration of the SiliconerCoating 
Used as a Lubricant on Disposable Syringe Rubber 
Plunger Tips and Hypodermic Needles 
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Abstract 0 The ability of 100% ethylene oxide to penetrate the 
silicone coating used on disposable hypodermic needles and syringe 
rubber plunger tips has been determined. It was shown that ethylene 
oxide has the ability to penetrate through the silicone coating and 
thus kill the spores of Bacillus subtilis var. niger, ATCC 9372, 
which were introduced underneath the silicone coating. 
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covered by it), due to its immiscibility with the water 
present in the culture medium. Initial tests indicated 
n-hexane (l), purified (Curtin Co.), was an effective 
solvent. In turn, methanol (Baker analyzed reagent) 
was added to increase the miscibility of the n-hexane. 
The bacteriostatic properties of n-hexane had to be de- 
termined to assure that there was no killing factor other 
than ethylene oxide. 


MATERIALS AND METHODS 


With the introduction of medical devices made from 
comparatively low melting point plastics, the ability 
to sterilize these instruments by autoclaving was no 
longer feasible; subsequently, ethylene oxide has been 
utilized and found effective (without high temperature) 
as a chemical sterilant. 


Recent usage of silicone as a lubricant for disposable 
hypodermic needles and syringe rubber plunger tips 
raised the question of whether the ethylene oxide gas 
can penetrate the silicone coating and sterilize the 
surface beneath. It was, therefore, the purpose of this 
study to test the effectiveness of 100% ethylene oxide 
[4-hr. cycle, 48.8" (120" F.)] as a penetrating sterilant 
through a silicone coating. A number of preliminary 
tests were necessary to establish procedures and suit- 
able materials. In the selection of materials it was neces- 
sary to obtain a nonbacteriostatic solvent capable of 
dissolving silicone (to expose the organisms which were 


Bacillus subtilis var. niger, ATCC 9372, was selected as the test 
organism since its spores are known to be highly resistant to ethyl- 
ene oxide gas [Beeby and Whitehouse (2); Ernst and Shull (3, 4); 
Kelsey (5); and Phillips (6)]. Sterile trypticase soy broth (TSB) was 
used as the culture medium (20 ml. per culture tube), and disposable 
hypodermic syringes (2.5 ml.) and needles [16 gauge X 3.81 cm. 
(1.5 in.)] were used as the test samples. Commercial silicone fluid 
M360 (Dow Corning Co.), a colorless, highly water-repelling, non- 
toxic, nonvolatile, low-surface tension, and chemically thermally 
inert substance (1) was used as the coating agent. 


Spore Strips Treated with n-Hexane-To determine whether 
n-hexane had a bacteriostatic effect on B. subtilis var. niger spores, 
three different concentrations (103, lo5, and lo7) of spore strips 
(American Sterilizer Co.) were immersed in n-hexane for 1 hr. 
These were then divided into two groups. The first group was cul- 
tured in TSB; the other was mixed with l ml. of 90% methanol 
(shaken for 20 min. on an automatic shaker) and then cultured in 
TSB for 48 hr. at 32". 


Vegetative Cells Treated with n-Hexane-To determine the 
bacteriostatic properties of n-hexane on vegetative cells of B.  
subtilis var. niger, four separate amounts (0.1, 0.2, 0.5, and 1.0 ml.) 
of n-hexane were mixed with 0.5 ml. of 90% methanol and 0.06 ml. 


Table I-Effect of n-Hexane on Spore Strips of B. subtilis var. niger 


Concen- 
tration 


of 
Spores Total No. of Samples 24-hr. Growth 48-hr. Growth 


103 5 Without methanol 1 Light growth 
4 No growth 


1 Heavy growth 
4 No growth 


103 5 With methanol 4 LigG growth 4 Heavy growth 


105 5 Without methanol 5 Medium growth 5 Heavy growth 
105 5 With methanol 5 Heavy growth 5 Heavy growth 
I 07 5 Without methanol 5 Heavy growth 5 Heavy growth 
107 5 With methanol 5 Medium growth 5 Heavy growth 


1 No growth 1 No growth 
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inert substance (1) was used as the coating agent. 


Spore Strips Treated with n-Hexane-To determine whether 
n-hexane had a bacteriostatic effect on B. subtilis var. niger spores, 
three different concentrations (103, lo5, and lo7) of spore strips 
(American Sterilizer Co.) were immersed in n-hexane for 1 hr. 
These were then divided into two groups. The first group was cul- 
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Table IT-Effect of n-Hexane on Vegetative Cells of 
B. subtilis var. niger 


Table IV-Effect of Silicone Coating on the Inoculated 
Samples-Not Sterilized 


Amount of Total Amount of 
n-Hexane, No. of Organisms, 


ml. Samples ml. 24-hr. Growth 


0.1 10 0.06 All heavy growth 
0.1 10 0.005 All heavy growth 
0.2 10 0.06 All heavy growth 
0 . 2  10 0.005 All heavy growth 
0.5 10 0.06 All heavy growth 
0.5 10 0.005 All heavy growth 
1 .o 10 0.06 All heavy growth 
1 .o 10 0.005 All heavy growth 


Table III-Effect of n-Hexane on Spores Suspended in Methanol 


Amout 
of n- Total 


Hexane, No. of 
ml. Samples 24-hr. Growth 48-hr. Growth 


0 .  
0 


0 .  


1 10 10 Light growth 10 Heavy growth 
.2  10 8 Heavy growth 8 Heavy growth 


. 5  10 8 Heavy growth 10 Heavy growth 


1 . o  10 8 Heavy growth 10 Heavy growth 


2 No growth 


2 No growth 


2 No growth 


2 No growth 


of a heavy growth culture of B. subtilis var. niger and were shaken 
for 1 hr. on an automatic shaker (Group 1). Following the same 
method, a second group was mixed with a small amount of the 
heavy growth culture (0.005 ml.). Both groups were then cultured 
in TSB for 24 hr. at 32". 


Spores in Methanol Treated with n-Hexane-To determine a 
possible bacteriostatic effect of n-hexane on spores in the methanol 
suspension, spores (15 X lo6 per ml.) were diluted with 90% 
methanol to approximately 1000 spores per ml. Spore samples (1 
ml. each) were thoroughly mixed for 30 min. (on automatic shaker) 
with different amounts (0.1, 0.2, 0.5, and 1.0 ml.) of n-hexane and 
then cultured in TSB for 48 hr. at 32". 


Samples Inoculated with Spores and Coated with Silicone-To 
determine whether silicone fluid inhibits the germination and/or 
growth of spores, 20 rubber plunger tips were dipped into a spore 
suspension (15 X lo6 per ml.) and then allowed to air dry for 6 hr. 
at 25 '. A measurement (using Sahli-type hemoglobin pipet to pick up 
the spore solution adhering to the plunger tip) was made which 
was 20 X and contained approximately 300,000 spores adhering to 
the rubber surface. 
In addition, 20 needles were immersed into the 15 X lo6 spore 


solution for 4 hr. and then allowed to air dry for 6 hr. at 25". The 
pour plate counting method determined that approximately 32,000 
spores were under the coating per needle (number of spores under 
coating = number of spores rinsed off before coating-number of 
spores rinsed off after coating). Experimental needles and rubber 
plunger tips were then coated with silicone (the thickness of the 
coating and technique were as normally used by the manufacturer, 
which is a maximum of 1 rng./cme of exposed surface area of 
rubber tip and 1 mg. per needle). Controls were not coated with 
silicone. All the samples were then cultured in TSB for 24 hr. at 
32". 


Inoculated Samples Sterilized by Ethylene Oxide-To determine 
the ability of 100% ethylene oxide gas to penetrate and sterilize 
through the silicone coating, the rubber tips and needles were in- 
oculated with spores, coated with silicone (same method as men- 
tioned previously), and assembled as a syringe. The syringes were 
then sterilized with 100% ethylene oxide with a concentration of 
approximately 2628 mg./l. for 4 hr. at 48.8" (120°F.) and 4 p.s.i. 
pressure. Then the experimental group had the silicone coating 
removed with n-hexane, and a control group was left coated. Both 
groups were cultured in TSB at 32" for 10 days. 


Treatments Samples 24-hr. Growth 


With coating 10 Plungers All heavy growth 
With coating 10 Needles All heavy growth 
Without coating 10 Plungers All heavy growth 
Without coating 10 Needles All heavy growth 


Table V-Effect of Ethylene Oxide Sterilization on 
Inoculated Samples 


Treatment 
10-Day 


Samples Cultivation 


Coating removed 10 Plungers All no growth 
Coating removed 10 Needles All no growth 
Coating not removed 10 Plungers All no growth 
Coating not removed 10 Needles All no growth 


RESULTS 


The results are shown in Tables I through V. 


DISCUSSION AND CONCLUSION 


The results of Table I show that a concentration of lo3 spores 
on paper strips, after immersion in n-hexane, was not successfully 
cultured. The n-hexane, being nonsoluble in water, formed a layer 
in the liquid growth medium; however, when mixed with 90% 
methanol, n-hexane solubility was increased, thereby releasing the 
spores for germination and growth. There is no indication that II- 
hexane acts as a bacteriostatic agent to both the spores and vegeta- 
tive forms of B. subtilis var. niger; therefore, n-hexane was used as a 
solvent for the silicone fluid. 


The number of microorganisms involved did not prove to be an 
influencing factor for the bacteriostatic character of n-hexane. The 
results of Table I1 indicate that a small number of microorganisms 
was not inhibited by any of the levels of n-hexane. 


Results of Table IV indicate that the silicone coating (which was 
coated by the spray method) did not cover a great number of the 
inoculated spores (lo6); therefore, the silicone coating was not 
considered a complete masking factor. 


Results of this study indicated that 100% ethylene oxide does 
penetrate the silicone fluid used as a coating agent and does kill 
the test organisms present on the surface and beneath the coating. 
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Odor Threshold and Gas-Chromatographic Assays of Vaginal Odors: 
Changes with Nitrofurazone Treatment 


A. DRAVNIEKS, B. K. KROTOSZYNSKI, L. KEITH*, and I. M. BUSH* 


Abstract 0 Although vaginal disorders are frequently accompanied 
by malodors, the efficiency of drugs to reduce the malodors by 
reducing the infection has been difficult to  estimate. Recently, 
techniques have become available for combining sensory and gas- 
chromatographic approaches to compare odor intensities of com- 
plex vapor mixtures. These techniques were applied to vaginal 
odors. An apparatus was devised to collect vaginal vapors in a form 
suitable for odor-revelant gas-chromatographic analyses, as well 
as for odor-threshold determinations. Odor changes in vaginal 
vapors upon treatment with nitrofurazone vaginal suppositories 
were studied on five patients with several types of disorders (hema- 
turia, endometritis, and stress incontinence). The distribution of 
odorous components in the gas chromatograms reflected, through 
disappearance of many malodorous peaks, a significant reduction 
in the content of the malodorous volatile compounds in the vaginal 
vapors. Odor-threshold measurements were conducted in an ap- 
paratus where nonodorous methane tracer and a hydrogen-flame 
ionization detector were used to measure the degree of vapor dilu- 
tion needed to reach the threshold, using the ASTM odor-threshold 
test design combined with EDao statistics. These measurements 
similarly indicated that odors were reduced by the drug. 


Keyphrases 0 Vaginal odor threshold, intensity-analysis IJ 
Odors, vaginal-threshold, intensity determination 0 Nitrofurazone 
effect-vaginal odors 0 GLC-analysis 


It is usually noted that a reduction in bacterial popu- 
lation in suitable media is accompanied by a reduction in 
the odors. Odor reduction is often subjectively observed 
when the antibacterial agent nitrofurazone is used in 
the treatment of vaginal disorders accompanied by 
malodor. In the absence of a satisfactory method for 
quantitative or precise qualitative assay of odors, such 
observations have remained in the form of testimonials. 


Recently, techniques have become available for more 
detailed studies of the odors in complex mixtures. These 
techniques are based on combinations of psychophysical 
(sensory) and gas-chromatographic methods, the latter 
providing means for collecting and separating the 
components of odorous vapors. In the present work 
these techniques were adapted to assay the vaginal odors 
and their changes upon treatment with an antibacterial 


1 Furacin Vaginal Suppositories, Eaton Laboratories, Division of the 
Norwich Pharmacal Co. 


preparation. Odor thresholds of vaginal vapors were 
also determined. 


PRINCIPLES OF ODOR MEASUREMENT 


The odor results from interaction of vapors with the observer’s 
chemoreceptors (primarily olfactory and to  some extent tri- 
geminal). Substances differ in odor thresholds, i.e., in the lowest 
concentrations in air at which the odors of their vapors can be 
detected. Observers also differ in sensitivity (olfactory acuity), so 
that odor thresholds are represented not by sharp concentration 
levels but rather by concentration zones, within which the thresholds 
for different observers can vary severalfold. To a lesser extent, 
thresholds as estimated by the same observer may vary from time to 
time. 


Above threshold levels, odor intensity increases in proportion to a 
fractional power (0.2-0.7) of the odorant concentration in air. These 
relations are expressed in Stevens’ law (1,2): 


= k (c - Cthr.)z (Eq. 1 )  


where Z is psychophysical odor intensity, k is a coefficient (small for 
weak odors, large for strong odors), C is concentration of the odor- 
ant in air, Cthr. is threshold concentration of the odorant, and x is an 
exponent. The values of k, Cthr., and x are not necessarily related. 
Corollaries of this expression are: (a) odor intensity experienced by 
an observer does less than double when the odorant’s concentration 
is doubled; e.g., for x = 0.5, the concentration must increase by a 
factor of 4 to increase the intensity by a factor of 2; (b)  if an 
odorant A has smaller values of k and x than another odorant B, an 
undiluted A can smell weaker than undiluted B, while diluted A can 
smell stronger than similarly diluted B; (c)  since the highest possible 
concentration of an odorant is at its saturation pressure, odorants 
with low x ,  or high threshold and an average x ,  may never reach very 
high odor intensity. 


Odor-threshold values, therefore, do not necessarily indicate the 
undiluted odor intensity; rather, the odor of a lower threshold 
odorant will be noticed farther from the source than will that of a 
higher threshold odorant. In addition, above the threshold, the 
character of the odor can be objectionable, as with the malodors, or 
acceptable, as with fragrances. 


The composition of odorous vapors of biochemical origin is com- 
plex, with many odorants participating. Odorants present at sub- 
threshold concentrations can summate (sometimes even syner- 
gistically) to reach threshold and can modify the character of odors 
of other substances which are present at suprathreshold levels. In 
odor assay, therefore, all those substances that are present at 
levels exceeding reasonable fractions, e.g., one-tenth of their thresh- 
old concentrations, must be considered. Gas-chromatographic tech- 
niques permit the delivery of separated components for sensory 
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Figure I---Apparatus for collection of vaginal vapors. 
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Figure 2-Example of EDso odor-threshold determination of vaginal 
vapors. 


assay at concentrations 10-20 times higher than those in the original 
odorous air mixtures. In this way, mixtures can be studied for 
predominance and intensities of certain odor notes (e.g,, obviously 
objectionable, fragrant, etc.). 


collection period of 20 min. In addition to the collected vapors, the 
Teflon insert with its vaginal debris was used for odor-threshold 
studies. Immediately after removal from the patient, the insert was 
placed into an odorless glass vessel provided with inlet and outlet 
tubing. If odor study on the insert was postponed, the vessel and 
contained insert were stored in a freezer and brought back to room 
temDerature shortly before study. METHODS 


Vagina1 Vapor Collection-Figure 1 shows the arrangement for 
vaginal vapor collection. A perforated Teflon tube 1.91-cm. (0.75- 
in.) i.d. and 9.52 cm. (3.75 in.) long (with the disklike collar) was 
provided with two openings at the outer end. One of these was con- 
nected to a vapor collector by Teflon tubing heated along its entire 
length by low-voltage Teflon-insulated resistance wire. The collector 
was made of stainless-steel tubing 0.97-cm. (0.38-in.) i.d. and 25.4 
cm. (10 in.) long, packed with Teflon powder coated with 10% 
hydrocarbon grease, mol. wt. about lo00 (Apiezon L). Prior to use, 
the organic vapors were removed from the collector by heating it in a 
stream of highly purified helium until a satisfactory base line gas 
chromatogram was obtained. During the sample collection from the 
vagina, the collector was kept in an aluminum block at 38' to pre- 
vent the condensation of water from vapors. Vaginal vapors were 
made to flow into the collector by allowing silicone oil to flow from 
the upper to the lower of the two flasks shown. A dry ice-propanol 
trap between the collector and the oil prevented atmospheric or oil 
vapors from reaching the collector. Organic vapors from the vagina 
dissolved in the hydrocarbon grease coating of the collector, while 
water vapor passed through. 


The other Teflon tube leading to the vaginal insert allowed air to 
replace that which was removed into the collector. To block room 
vapors from entering the collector via this Teflon tube, room air was 
first passed through an activated carbon adsorber cooled to -80" by 
a dry ice-propanol mixture. Usually 2 1. of air was sampled during a 


Table I-Example of Data Treatment of Vaginal Vapors by a 
Small Panel [Quantal Response Method (4)]" 


Stimulus No. of 
Level as Panelists 
Methane Begin- 
Tracer ning Frequency 


Detector to- Of 
Current, Detect Tolerance Observation Rank 


pa.b Odor Leve1,C pa. Rank N + 1  


9 0 
30 0 16 


125 4 60 2.Sd 0.355 
360 1 210 5.0 0.72 
900 1 570 6.0 0.86 


5 Six panelists, N = 6 .  b pa. = picoampere (10-12 amp.). c Calculated 
as logarithmic average of the adjoining levels. d Ranks 1, 2, 3, and 4; 
average rank 2.5. 


Odor-ThresholdMeasurements-The statistical design followed a 
combination of triangle test (3) and quanta1 response (4) methods. 
The vapor from the insert with vaginal debris, in known dilutions 
with nitrogen, was led in a special olfactometer to one of three 
sniffing ports. In this olfactometer, nonodorous methane carries 
the vapor into a nitrogen stream. The amount of subsequent dilu- 
tion by cryogenically deodorized nitrogen is monitored continuously 
by a hydrogen-flame ionization detector. The detector indicated the 
methane content by a proportional increase in the ionization cur- 
rent. The measurements permitted calculations of the degree of 
dilution of odorous vapors in the sniffing port. 


The panel of observers sniffed at each of the three sniffing ports by 
using the statistical design of the ASTM method (5). A negative 
response was recorded if no odor was reported at any of the ports, or 
if the observer reported odor at a wrong port. A positive response 
was recorded if an odor was reported at a correct port (ports were 
changed randomly). Concentrations of odorous vapors were in- 
creased threefold for the next observations, and so on. At each of 
the concentrations, several observers reported their judgments 
independently. 


Data were tabulated, ranked, and plotted as shown in Table I and 
Fig. 2. This approach is the same as that used in the study of re- 
sponses to poisons or other drugs, except that here the response is a 
positive observation of odor. The concentration level at probability 
= 0.50 is the odor ED50, the lowest level at which half of the ob- 
servers would sense an odor. The detector units of the olfactometer 
were converted to p.p.m. of headspace, using the methane calibra- 
tion factor. 


Gas-Chromatographic Sensory Assay-The vapors in the col- 
lector (Fig. 1)  were transferred by a special injection needle to a 
gas chromatograph, using procedures described elsewhere (6). The 
transfer was effected in a device in which high-purity helium was 
passed through the collector and injection needle, connected in 
series with a short length of Teflon tubing. The needle was cooled 
with liquid nitrogen while a heated copper block traveled along the 
collector at the velocity of 2.54 cm. (1 in.)/min. in the direction of He 
flow. The motion was provided by means of a motor-actuated string 
device (7). Vapors from the collector were eluted in the direction op- 
posite to that which was followed during collection. This method 
minimized the contamination of the sample by impurities generated 
by decomposition of the collector's hydrocarbon-grease phase, since 
each portion of the collector was heated for only a short time. 
In the gas chromatograph the carrier gas was He at a flow rate of 


10 ml./min. An open tubular column 15.24 m. (50 ft.) long, coated 
with polyethylene glycol (Carbowax 20 M), was used, and tempera- 
ture was programmed from 60 to 180" at 4"/min. A hydrogen-flame 
ionization detector was used, with a sensitivity of approximately 4000 
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Table 11-List of Diagnoses and Samples 


Patient 
Description Number Test Number 


Normal 1 1 
Hematuria 2 2-1 Before Rx” 


2-2 4 hr. after Rx 
Stress incontinence 3 3-1 Before Rx 


3-2 4 hr. after Rx 
Endometritis 4 4-1 8 hr. before Rx 


4-2 Immediately before Rx 
4-3 15 hr. after Rx 
4-4 24 hr. after Rx 


Endometritis 5 5-1 7 hr. before Rx 
5-2 Immediately before Rx 
5-3 16 hr. after Rx 
5-4 24 hr. after Rx 


Endometritis 6 6-1 7 hr. before Rx 
6-2 Immediately before Rx 
6-3 17 hr. after Rx 
6-4 24 hr. after Rx 


Bacterial vaginitis 7 7-1 7 hr. before Rx 
7-2 Immediately before Rx 
7-3 20 hr. after Rx 


Q See Schedule of Tesfs section for definition. 


pg./cm.* ofthe gas-chromatographic peak area2 at 0.1 X 1 electro- 
meter setting (the highest sensitivity setting available). A series of n- 
alkanes was run as standard for conversion of retention times to 
approximate Kovats Indices (8) using a fifth-order polynomial 
curve and a computer to interpolate values. 


At the exit from the gas-chromatographic column 110 ml./min. of 
He was added to the column effluent and the combined effluent of 
120 ml./min. was split 1 : 1 so that 60 ml./min. was delivered, 
respectively, to the detector and to a sniffing port. A chemist ex- 
perienced in this technique observed and recorded the odor of the 
gas chromatographically separated components (9, 10). 


By this technique the components of the vapors are delivered at 
their respective concentrations at the ports in a sequence which de- 
pends on vapor pressures and polarities (in a gas chromatographic 
sense) of the components. The following concentration relations 
apply. For example,3 let the original concentration of a component in 
the air = n-g./ml. At perfect efficiency the collection and transfer 
from 2000 ml. will deliver 2000 n-g. into the gas chromatograph. Of 
this, 1000 n-g. goes to the sniffing port, diluted in He carrier and 
subsequently, on leaving the port, to some extent also diluted by 
room air. A typical peak was carried out in 20-40 ml. He, and if the 
substance was evenly distributed (in mixing with air before reaching 
the nose), the actual concentration reaching the nose was 10 n-20 
n-g./ml. This was higher, by an order of magnitude than that in the 
original vaginal air sample. Due to losses in collection and transfer, 
however, the actual concentration factor was somewhat less. 


Potent odorants with low-odor thresholds can exhibit odor at con- 
centrations in the range 0.1-10 pg./ml. of air. Calculations indicate 
that by collecting organic vapors from 2 1. of air and using a detector 
with sensitivity on the order of 1000 pg./cm.2 of chart area, most 
odor-relevant compounds will be adequately represented in the gas 
chromatograms. A few, however, still can be odorous without 
exhibiting visible peaks. 


The odor characters of the various components are tabulated in 
broad categories. The most convenient categorization is a hedonic 
one; it is based on a scale of “obviously fragrant” and “pleasant” at 
one end to “objectionable” and “highly objectionable” (repulsive or 
nauseating) at the other. Between these extremes there is a category 
of odors of slight, mild, or moderate character. These do not impress 
observers as being significantly fragrant or objectionable. This 
intermediate category consists of odors, some of which do not im- 
mediately resemble a familiar odor and others which do have an 
obviously distinct recognizable character (“musty,” “sour,” 
“mushroomlike,” “burnt,” “medicinal,” etc.). 


Because of differences in the character and intensity of odors of 
the components, the number of distinguishable peaks and their 
prominence are not the best guides for the comparison of odors of 
different samples. In addition, some peaks may represent more than 


Table 111-Odor Thresholds, EGSo, of Vaginal Vapors 


-Odor Threshold0- 
Vapor in Nitrogen, 


Case p.p.m. Av. 
No. Before After Ratiob 


2 
3 
4 


360 3.400 9 . 5  
3,400 


290 
80,000 


480 
23.0 


1 .6  
5 940 


15,000 17,000 4.0 


34,000 42,000 1.1 


13,000 
6 25,000 


7 
25,066 


1,700 2,400 2.7 
480 


a When two collections of vapors were made, the value for the second 
collection is placed below that for the first. b Odor thresholds averaged 
geometrically-considered correct procedure for dealing with thresholds 
covering several orders of magnitude. 


one component, each with different sensory characteristics. Most 
organic materials are odorous at sufficient concentrations. However, 
some substances, such as hydrocarbons, have high thresholds and 
can produce large peaks in chromatograms but are not odorous on 
elution from the sniffing port, and, therefore, contribute little to the 
initial (mixed) odor. Also, a rich pattern with many larger peaks can 
indicate strength of an odor but not its objectionability. 


Although overall richness can be a guide to the comparison of 
samples which are similar in composition, much more odor-relevant 
information is obtained by tabulating peaks by their odor categories 
and comparing the number of peaks in different categories. As un- 
pleasant odors come under control during treatment, the number of 
objectionably odorous peaks decreases. Such effects occur even in 
those chart locations where no pleasantly odorous peaks emerge.4 
In locations where both objectionable and nonobjectionable and/or 


1 


Figure 3-Typical gas chromatograms of vaginal vapors. I ,  Before 
treatment--odors: I ,  pungent unpleasant; 2,  very strong, unpleasant; 
3, very unpleasant, cut liverlike; 4 ,  very strong; 5 ,  very unpleasant, 
nauseating; 6,  no odor; 7, no odor; 8, very unpleasant; 9 ,  sweet, 
unpleasant, nauseating; 10, very unpleasant; 11, very bad, nauseating; 
12, very unpleasant, nausearing, repulsive; 13, very bad, repulsive, 
nauseating; 14, very unpleasant; 15, bad; 16, sharp; 17, slight, not 
unpleasant. 2, Afrer treatment-odors: I ,  moderate; 2,  very pleasant, 
caramellike; 3, slight; 4 ,  slight; 5,  moderate; 6, slight; 7 ,  no odor; 
8, moderate; 9 ,  slight; 10, not unpleasant, 11, no odor; 12, no odor; 
13, moderate, not unpleasant. Some “no odor’’ peaks not listed. 


4 cf. Table V, Subject 6,  Kovats Index range 50&600. 
* Picrogram (pg.) = 10-12 g. 


Where “n” is a particular value in the system being analyzed. 
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Table N-Odorograms of Vaginal Vapors (Subjects 1-4)" 


Kovats Index Subject 1 -Subject 2-- -Subject 3-- Subject 4 
Ranges 1 1 2 1 2 1 2 3 4 


<400 
400- 500 
500- 600 
600- 650 
650- 700 
700- 750 
750- 800 
800- 850 
850- 900 
9fl& 920 
920- 940 
940- 960 
9MT 980 
980-1000 


1oo(r1020 
1020-1040 
1040-1060 
1OMT1080 
1080-1 100 
1100-1120 
1120-1140 
1140-1160 
1160-1180 
1 180-1 200 
1200-1 220 
1220-1240 
1240-1260 
1260-1 280 
1280-1300 
1300-1320 
1320-1340 
1340-1360 
1360-1380 
1380-1400 
1400-1420 
1420- 1440 
1440-1460 
1460-1480 
1480-1500 
1500-1520 
1520-1 540 
15JO-1560 
1560-1580 
1580-1600 
1600-1620 
1620- 1640 
1640-1660 
1660- 1680 
1680- 1700 
1700- 1720 
1720-1 740 
1740-1760 
1760-1780 


1800-1820 
1820-1840 
1840-1860 
1860-1 880 
18 80- 1900 
1900- 1920 
Seconds : 
1400-1550 
1550-1600 
160&1650 
1650-1700 
1700- 1750 
1750-1800 
1800- 1850 


190&1950 
1950-2000 
2000-2050 
2050-2 100 
2100-2150 
2 1 50-2200 


2200 


1780- 1800 


1850-1900 


V 


X 


x,x 


x,x 


0 
0 
0 


& 
&,& 


XL 
030 
X 
x,x xxx 
xxx,xxx 
xxxx 
xxx 
xxx 
xxxx 


0 xxx 
X 


X xx 


0 


- 


W 


030 
0 


0 


XXXb 
- 
- 


- 
0 
X 
- 


- 
- 


M 


- 
V 


V 


XL 
XL 
X 
X 


X 


X 
X 


X 
V xxx 
xxx 
xxx 
X 


xxx 


xxxx 
xxxx 


W 


X 


xx 


V 


vv 
V 
V 
V 
XXXL 
XXXL xxx xxx xxx 


X 


x,x 
X 
X 
x, x 
X 


xxxx xxxx 


- v 


& 
& 


xxxx 
xxxx xxxx 
- 
- 


XXXL 
XXXL X 


xxx 
& 


XXXL 
XXXL,XXX xxxx xxx 


- 


xxx 
xxx xxxx xxx xxxx xxx 
xxx 
xxxx,xxxx 
xxxx xxxx xxxx 
xxx,xxx 
xxx 


X 
X xxxx 


X 
- 


0 
0 
- 


xxx 


xxxx 
V 


- 


0 


xxxx 
X 


X 


X 


V 


B V 
B 
B 
B 


W 


W 
W 


- 


x 
X 
X 


-,v 
0 


0 
B 


B 


0 Weak, mild, not unpleasant, 0; unpleasant, X ;  bloodlike, XL; very unpleasant, XX; strong, sweatlike, XXX. nauseating repulsively sweet, XXXX; 
pungent, sharp, V;  waxy, W; medicinal, M;  earthy, mushroomlike, E;  sour, S; burnt, B;  peak but no odor, -: in parenthkses, odor, but no peak ( ); 
pleasant, & ; very pleasant, fragrant, & &. Comma separation used if two or more peaks were observed in the range. 
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Table V-Odorograms of Vaginal Vapors (Subjects 5-6)" 


Kovats Index Subject 5 Subject \ 
Ranges 1 2 3 4 1 2 3 4 


<400 
4o(r 500 
500- 600 
6Oa- 650 
650- 700 
700- 750 
750- 800 
800- 850 
850- 900 
9o(r 920 
920- 940 
9LuT 960 
960- 980 
980-1000 


1000-1020 
1020- 1040 
10LuT1060 
106&1080 
1080-1100 
1100-1120 
1120-1140 
11LuT1160 
1 160-1180 
1180-1200 
1200-1220 
1220- 1240 
124@ 1260 
1260-1280 
1280-1300 
1300-1320 
1320- 1 340 
1340-1360 
1360-1380 
1380-1400 
140&1420 
1420- 1440 
144&1460 
1460-1480 
1480-1500 
1500-1520 
1520-1540 
1540- 1560 
1560-1580 
1580-1600 
1600-1 620 
162@1640 
1640- 1 660 
1660-1680 
1680-1700 
1700-1720 
1720-1 740 
1740-1760 
1760-1780 
1780-1800 
1800-1820 
1820-1840 
1840-1860 
1860-1880 
1880-1900 
1900-1920 
Seconds: 
1m15.50 
155C1600 
1600-1650 
1650-1700 
1700-1750 
1750-1 800 
1800-1850 
1850-1900 
1900-1950 
1950-2000 
2COO-2050 
1050-2100 
2100-2150 
2150-2200 


2200 


xxx xxx,v xxx 
v xxx,xxx 
X 


xxxx xx,x 


xx 
XXX M . M  xxx 
M M,X,XXXX 
M.M xitxx xxxx,xxxx xxxx xxxx,xxxx,xxx 
XXXX XXX,Xb 


Xb,Xb,Xb 


0 


x xxxx,xxxx 
-- 


xxxx 0 xxxx 
0 XXXL 


090 
-,x 0 


Xb 
X 


V 


X 


xxx 
E 


0 


xxxx & 


0 


V 


X 


V 
B 
V 
B 


V 


B 


V,- 


B 
V,B 


V 


xxxx 


xxxx 
B 


B 


0 


- 


0 


& 


0 


0 


0 
0 


B 


0 x xxx x,xx 
X xxx 0 xxx o,o,xxx 


xxxx xxxx xx 
xx - 


xxxx xxx xxx xxxx 
xxx 0 xx xxxx v xxxx 0 xxxx 0.0 
xxx 0,o 
0,O E 
0 E,B 
0 xxx 
0 
0 


S 


xxx 
Xb 


xxx 


X 


xxxx 


xxxx 


0 xxxx 


X 


xxx 
xxxx x 


0 


S xxx 
x xxxx 
xxx 
- 


S 


B XXXX 
V,B 


V B  
B B  


0,O E 


a Weak, mild, not unpleasant, 0; unpleasant, X;  bloodlike, XL; very unpleasant, XX; strong, sweatlike, XXX; nauseating, repulsively sweet, 
XXXX; pungent, sharp. V; waxy, W; medicinal, M; earthy, mushroomlike, E; sour, S;  burnt, B: peak but no odor, -; in parentheses, odor, but 
no peak ( ); pleasant, & ; very pleasant, fragrant, & &. Comma separation used if two or more peaks were observed in the range. 
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50 O= Before Treotment 1 9; ]wmy T=After Treotment 


n Malodorous Pleasant 
40 ~ 


CASE NO: 2 3 4  5 6 


Figure 4-Changes in number of odorous peaks in uagitial-vapor 
chromatograms upon nitrofurazone treatment. 


pleasant peaks coexist, and may be only partially resolved, malodor 
control leads to a decrease of malodorous components. As a result 
overall odor at that zone of the chromatogram changes from 
malodorous toward the neutral or fragrant. Also, odorous peaks can 
become smaller and nondetectable at the sniffing port whenever the 
odorant there falls below its odor threshold. In essence the process 
serves as a “spectrograph” for the odorants, with magnification and 
focussing to aid the odor observations. 


Figure 3 illustrates gas chromatograms obtained in a case in which 
overall odor intensity of vaginal vapors decreased sharply upon treat- 
ment with nitrofurazone. The number of components observed in 
the gas chromatogram also decreased. In this case, the most signifi- 
cant change occurred in the odor character of the peaks: 


C hromat o- 
7 Number of Peaks- - gram ’ 


No. Objectionable No Odor Neutral Fragrant 
1 14 13 2 0 


4 9 1 2 - 


Schedule of Tests-Table 11 shows the diagnoses and the ar- 
rangement of test samplings. All subjects were selected from hos- 
pitalized patients. 


The suppositories (Rx) contained nitrofurazone, 0.3 z, in a base of 
glyceryl monolaurate and polyoxyethylene (4) sorbitan monostear- 
ate. They melt at body temperature and are self-emulsifying in 
vaginal fluids. It is assumed that the 2-g. suppository was spread 
fairly evenly over the vaginal mucosa. The suppository did not ex- 
hibit fragrant or objectionable odor. 


RESULTS AND DISCUSSION 


Odor Thresholds-Measurements of odor thresholds are sum- 
marized in Table 111. In all cases the threshold increased upon 
treatment with nitrofurazone. To make the odor unnoticeable, less 
nitrogen was needed to dilute the vapors after treatment than before. 
For the six subjects this difference reaches the 95 confidence level 
(error probability of 0.05 or less by the Wilcoxon test). 


There was a tendency for this effect to diminish as thesholds in- 
creased, with a rank-correlation coefficient of +0.74, somewhat 
short of the +0.83 value required for the 95 


Since during odor-threshold studies the insert was at room rather 
than at body temperature, the absolute threshold values are lower; 
differences between them, however, are valid for comparisons. Also, 
the character (quality) of an odor is not considered in measurement 
of threshold. 


Reciprocals of odor thresholds cannot, per se, uniquely describe 
odor intensities. Even in the absence of fragrant components, 
vapors with lower thresholds do not necessarily have higher odor in- 
tensities when not so diluted. The odor threshold data were instruc- 
tive and indicated that odor was controlled by treatment. However, 
a better insight can be gained into what occurs with the odor com- 
plex during treatment from inspection of the odorograms. 


Gas-Chromatographic Assays-Data from odor assays combined 
with gas-chromatographic separation of vapor components are 


confidence level. 


compiled in Tables IV and V. The Kovats Index coordinates’ 
numerical increase indicates that the vapor pressures of the cor- 
responding odorants were decreasing, or their solubilities in the 
polar stationary phase (polyethylene glyco1s)s were increasing. NO 
calibration was available toward the end of the scale, where values 
are listed simply as seconds of retention time and therefore are valid 
only relatively. Coding of odor characters is indicated in the legends 
to Tables IV and V. 


These odorograms indicate clearly changes in vapor composition 
associated with use of nitrofurazone suppositories. 


Case 1 was that of a normal subject. Vapor-component odors were 
distributed widely over the range from objectionable (only two peaks 
were in the most objectionable category) through many neutral to 
some pleasant components. 
In the other five cases investigated, pretreatment odorograms 


were dominated by components of varying objectionability. After 
nitrofurazone treatment few, if any, objectionable odorants were 
observed. Some fragrant notes occurred after treatment, and many 
components were represented by small peaks unassociated with 
odor; these components were present at levels far below their odor 
thresholds. Regions where malodors were present before treatment 
were not populated by odorous peaks after treatment, or showed 
peaks with lower odor intensities. These may correspond either to 
the same substances as were present before treatment, now at lower 
concentrations, or to new (e.g., fragrant) substances, or to a mixture 
of the two with objectionable components in part reduced. 


As is evident from inspection of Tables IV and V, the effect of 
treatment cannot be explained by mere masking of unpleasant peaks 
by fragrant components. In several gas-chromatographic positions 
where highly objectionable peaks were observed before treatment, 
no fragrant or other odorous peaks appeared after treatment. 


Figure 4 shows the frequency of occurrence of various categories 
of odors in the vaginal vapors studied, regardless of positions of the 
gas-chromatographic peaks of these odorants. 


The chemical identification of the malodorous components would 
be significant and should represent a natural extension of this work. 
However, because of the very low concentrations of the odorants, 
this is a formidable task and was not undertaken at the present time. 
For an orientation (see Tables IV and V), the components with 
Kovats Index of 1OOO-1100 correspond to the substances boiling in 
the range of 10&180” and having molecular weight of 8(t150. 
Substances with larger indexes boil higher and have larger molecular 
weights. 


The corresponding relative areas are not useful for comparison of 
odor relevance since substances vary so greatly in thresholds and 
intensities of odors. A small peak may be associated with a strong 
odor and a large peak may be odorless. Even comparison of what 
appears to  be the same peak in two gas chromatograms can be mis- 
leading. For example, a peak may correspond to an unresolved 
mixture of two substances, one contributing most of the area but no 
odor, the other being responsible for the odor but for only a small 
fraction of the peak‘s area. If no odor is observed in the presence of a 
peak from the sniffing port, this can indicate the presence of com- 
ponents which might still be odorous at a higher concentration. 


In odor assays by the technique outlined previously, the 
method should be considered as a help in separating various odor 
notes so that they can be surveyed more accurately. The gas chro- 
matograms indicate approximate chromatographic locations of 
component odorants, convenient for systematization and display. 


SUMMARY AND CONCLUSIONS 


A technique for gas-chromatographic separation and assay of the 
components of complex vaginal odors, assumed to be due in large 
part to bacterial action, was applied to the study of vaginal odors 
before and after treatment with nitrofurazone antibacterial vaginal 
suppositories. Odor thresholds changed under treatment in a direc- 
tion which indicated reductions in the noticeability of odors at a 
distance. The assays indicated that major changes occurred in the 
composition of the complex odors, with significant reduction in the 
occurrences of objectionably odorous components at odor-threshold 


6 n-Alkanes are designated by their number of carbon atoms times 
100; thus the number for n-decane is 1000. Polar compounds’ numbers 
are higher, relative to the number of C atoms (e.g., n-butanol’s number 
of 1113). 
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and suprathreshold concentrations. Under treatment of the vagina 
with the suppository, the respective odorograms became populated 
by nonobjectionably odorous components and some fragrant ones 
which may have been derived from the suppository preparation 
(although its composition and odor qualities provide no support for 
this statement). In some gas-chromatographic positions which were 
populated by malodors before treatment, no odorants were found 
after treatment; the effect of treatment therefore is not a simple 
masking but rather the result of simultaneous reduction in mal- 
odorous components and increased dominance of milder odors and 
fragrances. 


( 5 )  ASTM, Tentative Test for Odor in Industrial Water and 
Waste Water, ASTM Spec. Publ. 148-F, ASTM D-1292-617 
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(6) A. Dravnieks and B. K. Krotoszynski, J .  Gas Chrornatogr., 
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Spectral Studies of Trimethylsilyl Ether of Chloramphenicol 


MICHEL MARGOSIS 


Abstract 0 The trimethylsilyl ether of chloramphenicol used in 
GLC analysis has been characterized by UV, near IR, IR, NMR, 
and mass spectroscopy, confirming the structure of the 0,O-di- 
trimethyl siIoxy derivative. Pyridine and acetonitrile, used as 
solvents in the silylation reaction, promote formation of diastereo- 
mers. Addition of hydroxylic solvents promotes the inversion of 
configuration and causes partial solvolysis. To verify this, two 
fractions were collected from a GLC column and analyzed by IR 
and mass spectroscopy. The experimental evidence presented 
establishes the two fractions as diastereomers. 


Keyphrases 0 0,O-Ditrimethyl siloxy chloramphenicol diastereo- 
mers-structure confirmation, effect of pyridine, acetonitrile 
Trimethylsilyl ether-chloramphenicol derivative, effect of pyridine, 
acetonitrile 0 IR-structure, identification 0 UV-structure, 
identification 0 NMR-structure, identification 0 Mass spectrom- 
etry-structure, identification 5 GLC-analysis, separation 


Chloramphenicol, D( -) - threo - p  - nitrophenyl- 2 - di- 
chloroacetamido-1,3-propanediol, is a certifiable anti- 
biotic for which neither of the current official assay 
methods (microbiological and UV procedures) (1) is 
specific. Gas-liquid chromatographic (G LC) procedures 
were investigated for chloramphenicol assay; how- 
ever, when chloramphenicol was chromatographed on a 
QF-1 column above 200°, poorly resolved peaks were 
obtained, which were probably due to thermal break- 
down products (Fig. 1). When it was chromatographed 
on a DC-200 or SE-30 column, no peaks of any kind 
were obtained. 


Several workers (2-4) have successfully applied the 
silylation method of Bentley et al. (5) to this determina- 
tion. However, several problems arose when the method 
was tried in this laboratory. The principal difficulties 


included contamination of the anode of the flame-ioniza- 
tion detector and solvent tailing, similar to that pre- 
viously observed in the GLC of lincomycin (6) .  To 
overcome these difficulties, the technique was modified 
as follows: a previously developed extraction pro- 
cedure (6)  was used; methanol or other hydroxylic 
solvent was added to the sample immediately before 
injection into the gas chromatograph; different solvent 
systems were used; and the reaction mixture was 
evaporated to dryness and reconstituted in an inert 
solvent. 


The TMS derivative prepared by the procedure of 
Bentley et al. (5) exhibited a single symmetrical chroma- 
tographic peak at 5.7 min. (Fig. 2) on each of the 
three columns (7), and recovery was quantitative. 
Freshly prepared solutions of the derivative gave no 
other significant peaks when injected directly. After 
standing (at least overnight), these solutions began to 
exhibit secondary peaks at 9.2 min., which reached limit- 
ing values of 2-3.5% of the area in the case of ethyl 
acetate or methylene chloride solutions but increased 
to about 50% in pyridine or acetonitrile. The addition 
of small amounts of methanol or other hydroxylic 
solvents tended to accelerate this reaction. With in- 
creasing amounts of methanol, additional peaks at 
4.3 min. were noted on the QF-1 column (Fig. 3) but 
not on the DC-200 or SE-30 columns. When the metha- 
nol solution of the derivative was partitioned between 
water and carbon tetrachloride, the chromatogram of 
the nonpolar fraction showed two peaks (at 5.7 and 
9.2 min.; Fig. 4) attributed to the TMS ether of chlor- 
amphenicol and its erythro isomer, while the chroma- 
togram of the polar fraction was similar to that of the 
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Potentiating Effect of Organomercurials on Bisphenols 


FRED S. BARR, G. W. MOORE, and B. J. GRAGG 


Abstract 0 The activity of organomercurial-bisphenol combina- 
tions was checked by in uitro methods against C. albicans, S. aurrus, 
E. coli, B. subtilis, and S. .faecalis. The in uiuo activity of these 
combinations was determined against M .  canis and T. mentugro- 
phytes in guinea pig infections. The methods for both in vitro and 
in viuo testings are given. A potentiating effect was observed both 
in uifro and in uiuo when phenylmercuric acetate is added to hexa- 
chlorophene or dichlorophene. 


Keyphrases IJ Hexachlorophene, dichlorophene activity, potentia- 
tion-organomercurials Antimicrobial activity-bisphenol- 
organomercurial combinations 0 Optical density-microbial cul- 
ture concentration 


Recent Food and Drug Administration regulations, 
which prohibit the use of most antibiotics in topical 
ointments, and the failure of most systemic medication 
in the treatment of topical fungal infections have brought 
about a renewed interest in  some of the older anti- 
microbial agents. These agents, while active against 
specific organisms, did not inhibit a broad spectrum of 
infective microorganisms. 


Earlier experiments in this laboratory indicated that 
by the combination of two of these agents the desired 
results could be obtained in vitro (1). In an earlier report 
the activity of phenylmercuric acetate and a bisphenol 
was reported. While Barker (2) reported that some 
cationic and some anionic agents such as surfactants 
tend to inactivate phenylmercuric compounds, later 
findings (3) show that the mercury is not inactivated by 
all such compounds and, in particular, the nonionic 
surfactants actually may potentiate the activity of the 
mercurials. It has been established that the surfactants 
potentiate the activity of the bisphenols. 


This study was a continuation of earlier work at the 
laboratory (4) which reported on the activity of the 
potentiating effect of organomercurials upon the bis- 
phenols in vitro and in uico. In this study the active 
ingredients were combined in a cream base and checked 
for activity in uifro and in Diuo i n  animals that were 
infected with Microsporurn canis and Trichophyton 
mentagrophytes. 


METHODS AND MATERIALS 


In V i t r e T h e  test organisms used in this experiment were Stu- 
phylacoccus uureus (ATCC 9144), Cundidu atbicans (ATCC 10231) 
Escherichiu coli (ATCC 8330), Bacillus subtilis (ATCC 6633), and 
Streptococcus farcalis (ATCC 10541). The organisms were incubated 
in Trypticase soy broth' for 18 hr. at  37". The cultures were then 
centrifuged and washed twice with sterile 0.85 saline and finally 
resuspended in sterile saline. The cultures then were diluted with 
sterile saline to give 7 5 z  light transmission at  the 550 mp wave- 
length on the Spectronic 20 colorimeter.2 In all cases exactly 0. I ml. 
of this standardized culture was used for the inoculum, and fresh 
suspensions were prepared daily. 


Baltimore Biological Laboratories. 
2 Bausch & Lomb, Inc., Rochester, N. Y. 
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The compounds tested were phenylmercuric acetate, nitromersol, 
dichlorophene, hexachlorophene, and combinations of the mercury 
salts with the bisphenols. The solutions were dissolved in ethanol 
and sterilized by filtration. Following the sterilization they were 
diluted in sterile distilled water. The agents were then serially diluted 
through sterile Trypticase soy broth, in 18- X 150-mm. metal cap 
tubes, and inoculated with 0.1 ml. of the above suspension of 
organisms. The tubes were incubated a t  35-37' for 24 hr. and 
observed for growth. Control tubes using only the solvent were also 
tested and found to have no inhibitory properties at  the levels used 
in these tests. 
In Vivo-The test organisms in this study were Microsporum 


canis and Trichophyfon mentagrophytes. The cultures were prepared 
by inoculating Sabouraud dextrose agar (Difco) with the test 
organism and incubating at  28" for 7 days. The mycelial mat was 
removed and placed in 10 ml. of sterile physiological saline in a 
ground-glass homogenizer and macerated until there was an even 
suspension of the culture. The inoculum used for each guinea pig 
was 0.5 ml. of this suspension. 


Seventy male guinea pigs weighing 225-275 g. were infected with 
Microsporum canis and 70 were infected with Trichophyton menta- 
grophytes. The methd used to infect the animals was to remove the 
hair from the right side of each animal by use of electric clippers 
and a safety razor. The culture was then placed on the cleared area 
and ground into the tissue by use of No. 1 sandpaper. The animals 
were unmedicated for 5 days to allow the infection to become estab- 
lished. Following this period, cultures were made by skin scrapings 
onto Mycobiotic agar (Difco) and incubated a t  28" for 7 days. 
After cultures were made, each of the 10 animals in each group 
were treated twice daily, with a vanishing cream3 containing the test 
substance, for a period of 7 days with one of the five test substances. 
Ten animals were unmedicated and served as controls. The vanishing 
cream base was selected after it was determined that there was no 
antagonism between the base and the active ingredients. 


Following the last day of treatment, any remaining drug was 
removed by washing the treated area with warm tap water. Cultures 
of skin scrapings were made on Mycobiotic agar immediately fol- 
lowing the washing and again at 7 and 14 days posttreatment. 
At the time each culture was made, scales and newly grown hairs 
from the infected site of each animal were examined microscopically. 


RESULTS 


The in uitro results are recorded in Table I.  It is evident from the 
data in this table that phenylmercuric acetate exerts an effect in 
combination with the bisphenols which one would not expect from 
an  additive effect alone. Against Candidu ulbicanx and Escherichiu 
coli, the phenylmercuric acetate-dichlorophene combination was the 
most active, while the most active combination against the Gram- 
positive organisms was phenylmercuric acetate-hexachlorophene. 
The combination of nitromersol with the bisphenols displays a 
potentiating effect; it is less than that observed with the other com- 
binations. 


The in uiuo results are recorded in Table II. The data indicates 
that the combinations of phenylmercuric acetate-bisphenol is more 
active against Microsporunt ranis than it is against Trichoplryron 
menfagrophytes. The combinations are more effective than either 
agent alone. 


DISCUSSION 


The data obtained in thisstudy indicate that a product containing 
phenylmercuric acetate and a bisphenol such as dichlorophene 
would be of use in the treatment of superficial fungus infections such 


Contains boric acid, glycerin, cetyl alcohol, stearyl alcohol, Span 
20, Tween 20, sodium lauryl sulfate, and water, 







Table I-Minimum Inhibitory Concentrations, in p.p.m. 


Hexachloro- Dichloro- 
phene + 0.1 phene + 0.1 Hexachloro- 


Pheny1,- Part Phenyl- Part Phenyl- phene + 0.1 
mercuric 


Organism phene phene Acetate mersol Acetate” Acetateb Nitromersol” 
Part Test Hexachloro- Dichloro- mercuric Nitro- mercuric 


C.  albicnns 31.2 50.0 0.8 25.0 2.0 1.6 12.5 
S.  aureus 10.0 10.0 1 .7  6.2 1 .o 1.6 1.6 
E.  coli 250.0 200.0 8.2 20.0 20.0 12.6 20.0 
5. subtiffs 10.0 15.0 0.8 8.0 1 .o 1.6 1.8 
S .  juecalis 15.0 20.0 1 .7  4.0 1.2 1.7 2.2 


* Express:d as p.p.m. hexachlorophene. * Expressed as p.p.m. dichlorophene. The results of the tests reported in this table are for 10 tests on each 
organism per compound or combination. 


Table 11-Efficacy of Products Tested ; Number Animals InfectedlNumber Treated 


--Microsparum cunis- - -Trichophyton mentugrophytes-- 
Day 1 Day 7 Day 14 Day 1 D a y 7  Day 14 


Post- Efficacy, Post- Post- Post- Efficacy, Post- Post- 
Compound Tested Treatment Treatment Treatment Treatment Treatment Treatment Z 


Phenylmercuric acetate 


Hexachlorophene (0.5 %) 
Dichlorophene (0.5 %) 
Dichlorophene (0.5 %) 
Phenylmercuric acetate 


Hexachloiophene (0.5 ‘Z) 


(0.05 m 


(0.05 z) 
Phenylmercuric acetate 


Vanishing cream base 
Control 


(0.05 3 


7/10 7/10 7/10 30 7/10 8/10 8/10 20 
9/10 9/10 8/10 20 lO/lO loll0 9/10 10 
8/10 8/10 8/10 20 8/10 8/10 8/10 20 


3/10 2/10 2/10 80 4/10 4/10 4/10 60 


lO/lO lO/lO 9/10 10 lO/lO 10/10 loll0 0 
lO/lO lO/lO loll0 0 loll0 loll0 10/10 0 


2/10 2/10 2/10 80 7/10 6/10 6/10 40 


as ringworm and athlete’s foot. This combination displayed good 
activity when tested in airro and the potentiated activity remained 
when the product, in ointment form, was checked in ciao. 


While this study indicates that excellent results were obtained with 
twice-daily treatment for a period of 7 days, it must be remembered 
that these were fresh infections and treatment of longstanding 
infections of Microsporum cunis might require treatment of 14 days 
or even longer in some cases. The results obtained also indicate 
that a treatment period longer than 7 days would have increased 
the percentage efficacy of the tested products; however, it has been 
found that at 21-28 days some of the control animals do not give 
positive cultures from one test period to  another and for this reason 
the test must be shortened. 


The in uitro data obtained along with the fact that these combina- 
tions are not inactivated in cico would indicate that a product for 
the treatment of Candida albicans both topically and intravaginally 
can be developed using the tested agents. 
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and suprathreshold concentrations. Under treatment of the vagina 
with the suppository, the respective odorograms became populated 
by nonobjectionably odorous components and some fragrant ones 
which may have been derived from the suppository preparation 
(although its composition and odor qualities provide no support for 
this statement). In some gas-chromatographic positions which were 
populated by malodors before treatment, no odorants were found 
after treatment; the effect of treatment therefore is not a simple 
masking but rather the result of simultaneous reduction in mal- 
odorous components and increased dominance of milder odors and 
fragrances. 
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Spectral Studies of Trimethylsilyl Ether of Chloramphenicol 


MICHEL MARGOSIS 


Abstract 0 The trimethylsilyl ether of chloramphenicol used in 
GLC analysis has been characterized by UV, near IR, IR, NMR, 
and mass spectroscopy, confirming the structure of the 0,O-di- 
trimethyl siIoxy derivative. Pyridine and acetonitrile, used as 
solvents in the silylation reaction, promote formation of diastereo- 
mers. Addition of hydroxylic solvents promotes the inversion of 
configuration and causes partial solvolysis. To verify this, two 
fractions were collected from a GLC column and analyzed by IR 
and mass spectroscopy. The experimental evidence presented 
establishes the two fractions as diastereomers. 


Keyphrases 0 0,O-Ditrimethyl siloxy chloramphenicol diastereo- 
mers-structure confirmation, effect of pyridine, acetonitrile 
Trimethylsilyl ether-chloramphenicol derivative, effect of pyridine, 
acetonitrile 0 IR-structure, identification 0 UV-structure, 
identification 0 NMR-structure, identification 0 Mass spectrom- 
etry-structure, identification 5 GLC-analysis, separation 


Chloramphenicol, D( -) - threo - p  - nitrophenyl- 2 - di- 
chloroacetamido-1,3-propanediol, is a certifiable anti- 
biotic for which neither of the current official assay 
methods (microbiological and UV procedures) (1) is 
specific. Gas-liquid chromatographic (G LC) procedures 
were investigated for chloramphenicol assay; how- 
ever, when chloramphenicol was chromatographed on a 
QF-1 column above 200°, poorly resolved peaks were 
obtained, which were probably due to thermal break- 
down products (Fig. 1). When it was chromatographed 
on a DC-200 or SE-30 column, no peaks of any kind 
were obtained. 


Several workers (2-4) have successfully applied the 
silylation method of Bentley et al. (5) to this determina- 
tion. However, several problems arose when the method 
was tried in this laboratory. The principal difficulties 


included contamination of the anode of the flame-ioniza- 
tion detector and solvent tailing, similar to that pre- 
viously observed in the GLC of lincomycin (6) .  To 
overcome these difficulties, the technique was modified 
as follows: a previously developed extraction pro- 
cedure (6)  was used; methanol or other hydroxylic 
solvent was added to the sample immediately before 
injection into the gas chromatograph; different solvent 
systems were used; and the reaction mixture was 
evaporated to dryness and reconstituted in an inert 
solvent. 


The TMS derivative prepared by the procedure of 
Bentley et al. (5) exhibited a single symmetrical chroma- 
tographic peak at 5.7 min. (Fig. 2) on each of the 
three columns (7), and recovery was quantitative. 
Freshly prepared solutions of the derivative gave no 
other significant peaks when injected directly. After 
standing (at least overnight), these solutions began to 
exhibit secondary peaks at 9.2 min., which reached limit- 
ing values of 2-3.5% of the area in the case of ethyl 
acetate or methylene chloride solutions but increased 
to about 50% in pyridine or acetonitrile. The addition 
of small amounts of methanol or other hydroxylic 
solvents tended to accelerate this reaction. With in- 
creasing amounts of methanol, additional peaks at 
4.3 min. were noted on the QF-1 column (Fig. 3) but 
not on the DC-200 or SE-30 columns. When the metha- 
nol solution of the derivative was partitioned between 
water and carbon tetrachloride, the chromatogram of 
the nonpolar fraction showed two peaks (at 5.7 and 
9.2 min.; Fig. 4) attributed to the TMS ether of chlor- 
amphenicol and its erythro isomer, while the chroma- 
togram of the polar fraction was similar to that of the 
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Figure 1-Chloramphenicol on QF-l column at 238 '. 


parent compound, with its major fragment peak at 
4.3 min., reverted by solvolysis. 


By chromatographing chloramphenicol in the three 
different columns, it has also been determined that the 
same TMS derivative is obtained using either the pro- 
cedure of Bentley et al. ( 5 )  (see Experimental) or N,O- 
bis(trimethylsily1) acetamide. 


In the first phase of this study, the TMS derivative, as 
originally prepared for GLC analysis, was characterized 
and identified by UV, IR, NMR, and mass spectroscopy. 
In the second phase, the two nonpolar chromatographic 
effluents were trapped with a simple collection system 
and identified by IR and mass spectroscopy. 


EXPERIMENTAL 


Instrumental Analysis-Gas Chromatography-A Barber-Colman 
model 5000 was used with a flame-ionization detector and a 1.83-m. 
(aft.) X 3-mm. U-shaped glass column packed with 5% QF-1 
on 80-100-mesh Gas Chrom Q. The carrier gas was nitrogen at 
23 p.s.i., 58 ml./min., and the column temperature was 238". For 
fraction collection, a 23 : 1 splitter was connected to the exit of the 
column, with the column temperature at 250" and the collector 
tube temperature at 240". 


Gas Chromatography-Mass Spectroscopy-An LKB model 9ooo 
combination gas chromatograph-mass spectrometer equipped 
with a 1.83-m. (6-ft.) X 0.635-cm. (0.25-in.) stainless steel column 
packed with 3 OV-17 on Gas Chrom Q was used. The tempera- 
tures were: flash heater, 270"; column, programmed from 200"; 
and the separator and source, 300". The carrier gas was helium 
and the ionization potential was set at 70 ev. 


Muss Spectrometry-The mass spectrometer was an Atlas CH4 
equipped with a probe inlet system permitting the sample tempera- 
ture to be maintained independently from the ion source. The con- 
ditions were as follows: ion source regulated at 250"; the ionization 
potential, 70 ev. ; magnetic scanning; accelerating voltage, 3 kv.; 
and sample temperature, 60-80". 


Nuclear Magnetic Resonance-Varian A-60 spectrometers were 
used. 


Specfrophotometry-UV and near IR spectra were obtained with a 
Cary 14 spectrophotometer with I-cm. and 10-cm. cells, respectively. 
The IR spectra were obtained with Beckman IR-12 and Perkin- 
Elmer 457 spectrophotometers. 


Sample Preparation-Sample I (S1)-Deuterated chloramphen- 
icol was obtained by treating chloramphenicol with D20 and 
freeze-drying. 


u 
I I I I I 


3 9 15 
MINUTES 


Figure 2-TMS ether of chloramphenicol (S2) on QF-1 column at 
238 '. 
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Figure S T M S  ether of chloramphenicol with methanol added (S3 
before extraction) on QF-1 column at 238”. 


Sample 2 ( S 2 h T h e  derivative “standard” used for this qualita- 
tive analysis was prepared by the Bentley et al. (2) procedure which 
consists of dissolving an appropriate amount of chloramphenicol 
in pyridine, adding an excess mixture of hexamethyldisilazane 
and trimethylchlorosilane (9: l), and allowing the mixture to 
stand 3&60 min. About 75z of the mixture was evaporated with 
heat and air to dryness; the residue was dissolved in carbon tetra- 
chloride, filtered, and reevaporated to dryness. Solutions were made 
from this stock sample in appropriate solvents for GLC and spec- 
tral analyses. 


Sample 3 (S3FThe sample for effluent analysis was prepared 
as described for S2, but after standing for 30 min., methanol was 
added to about 5z of original volume, and the solution was al- 
lowed to stand overnight. An equal amount of CCI, was added and 
the mixture was shaken. Water was then added and the CCla 
was extracted. The extract was washed twice with water and passed 
through a CC14-saturated wad of glass wool. About 50 pl. of this 
CC14 solution was injected into the chromatograph. Fraction collec- 
tion was started as soon as the first peak began to appear by con- 
necting an open-end glass capillary tube to the split end of the 


column exit with a sleeve of Teflon “spaghetti” tubing and leaving 
it connected until near the end of the peak. Another glass capillary 
was similarly connected to collect the second fraction. The separa- 
tions and collections were repeated until enough material was col- 
lected for the various analyses. 


The effluent samples were prepared for mass spectrometry by 
rinsing each capillary tube with 10 p1. of CC14 into a gold micro- 
cup which was placed in the instrument inlet probe after air evap- 
oration. Samples for IR analyses were prepared by rinsing each 
capillary tube with 10 pl. of CC14 onto a small amount of KBr. 
The KBr was then ground in a boron carbide mortar until dry, 
pressed into a 1-mm. disk, and scanned on an IR spectrophotometer 
equipped with a beam condenser. 


RESULTS AND DISCUSSION 


Characterization of the TMS Derivative-There are four possible 
isomers of pnitrophenyl-2-dichloroacetamido- 1,3-propanediol: two 
enantiomers each of the threo and of the erythro configuration. How- 
ever, only the D ( - - ) - h e 0  conformer (chloramphenicol) possesses 
therapeutic antibiotic activity. 


3 
MINUTES 


15 


Figure &Carbon tetrachloride extract of mixture in Fig. 3 (S3) on 
QF-I column at 238”. 
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Figure 5-IR spectrum of chloramphenicol KBr disk. 


The silylation reaction that produces a derivative sufficiently 
volatile and stable for use in GLC analysis yields the 0,O-ditri- 
methylsilyl ether as represented in Structure I. Substantiation of 
this structure forms the main part of this study. 


H O  
I I1 


v-C--CHC12 
H I  


O H  


Si(CHJ, 
I 


I 


Morphology-The trimethylsilyl ether of chloramphenicol 
(S2) is a colorless, amorphous solid that crystallizes slowly over a 
period of weeks and melts below 55". In contrast, chloramphenicol 


is a white crystalline solid melting at around 152". 
Ultraviolet Analyses-The UV spectrum of S2 in cyclohexane 


exhibited a single absorption band with a maximum at 264 mp and 
an absorptivity of 10,900 ]./mole cm. A methanolic solution showed 
a maximum at 273 mp whereas chloramphenicol itself showed a 
maximum at 278 mp in water with absorptivity of 9630 I./mole cm. 


The UV spectrophotometric method has been demonstrated to 
be rather nonspecific (8), since the single absorption band near 
280 mp ascribed to the n-?r transition of the nitrophenyl nucleus 
is also exhibited by many structurally related compounds (9, 10). 
Yamamoto et at. (4) reported that chloramphenicol, p-nitrophenyl- 
serinol (l-phenyl-2-amino-l,3-propanediol), and N-acetyl-p-nitro- 
phenylserinol were separated on a SE-52 column above 200". 
These workers collected the effluents and decided that they were 
not degradation products on the basis of UV spectrophotometry. 
This seems to contradict the fact that chloramphenicol was pre- 
viously shown by thermogravimetry to decompose rapidly at 
about 160" (11) as well as the author's findings of thermolysis of 
chloramphenicol on the QF-1 column. 


Infrared Analyses-A near IR spectrum of S2 in CC14 showed the 
presence of an amide proton at 6702 and 4926 cm.-l, aro- 
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Figure 6-IR spectrum of TMS ether of chloramphenicol (S2). 
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matic protons at 6050, 5907, and 4615 cm.-l, and methyl protons at 
4355 cm-1 
1R spectra of chloramphenicol and S2 were obtained as KBr 


disks (Figs. 5 and 6). Significant absorption bands common to 
both spectra were those of the amide proton stretching mode at 
about 3400 cm.-l, the amide carbonyl fundamental at about 1695 
cm.-l, the aromatic nucleus at 1610 cm.-l, the nitro group at 
1527 and 1351 cm.-l, and the aromatic substitution pattern at 2oo(r 
1667 and 758 cm.-l 


The spectrum of S2 showed additional new intense bands at 
2967 and 2882 cm.-l attributed to the symmetric and asymmetric 
stretching mode of the six methyl groups; at 1259 un-1 due to 
the rocking deformation mode of the methyl groups; at 1135 and 
11 20 cm.? due to the Si-0-C stretching; at 850 and 755 cm.-l 
due to the Si-C bond. The position, shape, and intensity of the ab- 
sorption bands at 1259,850, and 755 cm.-l are particularly charac- 
teristic of Si-(CH3)3 groups. The absorption bands due to the hy- 
droxyl functions near 3330 cm.-l have disappeared. 


Nuclear Magnetic Resonance-The NMR spectra of S2 in CCla 
and in deuterated acetone were obtained and compared to that of 
deuterated chloramphenicol (Sl) in deuterated acetone. Replacing 
the three readily exchangeable protons with deuterium clarified 
the spectrum to some extent by eliminating three peaks and re- 
ducing the splitting pattern and peak overlap. A typical spectrum 
obtained from a CCla solution is shown in Fig. 7 and assignments 
of peaks are given in Table I. 


? 


R b  


+ 
ROCHJH = NHCOCHC12 


I1 
(a) R = H, m/e 170 


A comparison of spectra obtained from deuterated acetone 
solutions shows that the spectrum of S2 was, as expected, similar 
to that of S1 except for the NH proton at 7.45 p.p.m., and the two 
trimethylsilyl groups of 0.10 and 0.15 p.p.m. 


The C3 proton peaks were found at 3.63 and 3.75 p.p.m. compared 
with 3.75 and 3.85 p.p.m. in the deuterated compound. Similarly, 
the CZ proton peak appeared at 4.07 versus 4.25 p.p.m., 
the C1 proton peak at 5.35 versus 5.33 p.p.m., the CHClz 
proton peak at 6.25 versus 6.35 p.p.m., and the aromatic 
proton peaks at 7.95 p.p.m. for both compounds. Thus, the silyla- 
tion of chloramphenicol results in a variable upfield shift of the 
peaks, believed to be most likely due to the shielding effects of the 
silyl function. 


The NH proton coupling with the G proton (J = 9 c.P.s.) shows 
up as a doublet. The aromatic proton splitting is typical of p-nitro 
substitution. The CHCh and the methyl protons of the siloxy groups 
at C1 and C3 gave rise to singlets. The Cl proton doublet peak is 
indicative of a coupling with the G proton. The latter, in turn, ex- 
hibited a more complex multiplet because it couples with the amide 
proton as well as with one at Cl and two at C3. The two C3 protons 
may also be expected to be nonequivalent because of their adjacent 
position to an asymmetric carbon. 


The two singlet peaks observed for the trimethylsilyl groups are 
clear evidence of the nonequivalence of the two groups. This non- 
equivalence may be due partly to the diamagnetic anisotropy of 
the benzene nucleus. Similarly, the two doublets centered at 4.16 
p.p.m. indicate that the two C3 protons are nonequivalent. The 
relative values of the integrated peaks are also consistent with the 
proposed structure. 


Muss Spectroscopy-In the electron-impact mass spectrum of 
chloramphenicol (Fig. 8) and S2 (Fig. 9), some fragmentation may 
be common to both compounds or may be associated solely with 
silylethers (12-15). 


One mode of scission common to both compounds occurs be- 
tween Ci and G, resulting in two major fragments (I and II), where 
R is H in chloramphenicol and Si(CH& in S2. 


r H T  


( b )  R =  Si(CHJ3, m/e 242 


I 
1 
(a )  R = H, m/e 153 


(b) R = Si(C.lH)J, m/e 225 


In chloramphenicol, the two fragments appear as the base peak at 
m/e 153 (RI = 100%; Z35r the calculated percentage of total ioniza- 
tion over the range m/e 35 to M+, = 6.16%) and at m/e 170 (RI 
= 5 6 z ;  &5 = 3.42z).  High resolution has shown the m/e 153 
peak to be a doublet due to the loss of HO from Fragment I1 as 
the main fraction, whereas the other is ascribed to protonated 
Fragment Ia (16). S2 is ruptured at the same site with protonated 
Fragment 16 at m/e 225 (RI = 58 %; 235 = 14.94%), and Fragment 
IIbatm/e242(RI = 4.9%; Z35 = 1.27%). 


Fragmentations generally ascribed to trimethylsilyl ethers are 
expectedly found in the spectrum of S2. The molecular ion is 
barely perceptible at m/e 466 (RI = 0 .012z ;  235 = 0.003%) at 


I n 


--I 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ I " ~ ~ ~ ' ~ ~ ~ I ~ ~ ~ " ~ ~ ~ " ~ ~ ' " ~ ~ ~ ' l ~ ~ ' ~ ~ ' ~ ~ ~ l ' ~ ~ ~ ' ~ ~ ' ~ 1 ~ " ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~  
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P. P.M.(6) 


Figure I-NMR spectrum of TMS ether of chloramphenicol (S2) in CCL. 
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Figure 10-IR spectra of microsamples: (a) Standard TMS ether of chloramphenicol (SZ). (b) Chromatographic Fraction I from S3. (c) 
Chromatographic Fraction II  from S3. 


a high instrument sensitivity. The loss of one methyl group to 
yieldthe(M-l5)+peakatm/e45l(RI = 1.8%; Z35 = 0.45%) and 
the subsequent elimination of trimethylsilanol to yield a (M-15-90)+ 
peak at m/e 361 (RI = 2.0%; Z36 = 0.52%) are particularly useful 
in establishing the proper location of the molecular ion. A broad 
metastable peak at m/e 290 (calculated 361 2/451 = 288.96 and 3632/ 
453 = 290.88 for the +2 peak), probably due to the coalescence of 
two metastable peaks from each of the two chlorine isotopes, was 
observed corresponding to this sequence. 


Fragment Ib (m/e 225) seems to undergo losses typical of 0-silyl 
ethers, M-15, -73, or -90, in addition to the loss of atomic oxygen 
from the nitro group to show peaks at m/e 194 (RI = 3.3%; Z:SS = 
0.84%), m/e 136 (RI = 2 . 2 z ;  Z35 = 0.58%), and m/e 119 (RI 
= 0.84%; 2235 = 0.22%),respectively. 


Fragment IIb (m/e  242) shows a similar pattern of an 0-silyl 
ether with the loss of 15, 30, or 73, simultaneous with the elimina- 
tion of COCHC12, to give peaks at m/e 116 (RI = 4.3%; Z35 = 


1.11%), m/e 101 (RI = 0.93%:; Z35 = 0.24%), and m/e 58 (RI = 


Characterization of Gas Chromatographic Effluents-A pre- 
liminary melting point of an evaporated nonpolar mixture of S3 
taken before chromatography was about 71-72', in contrast to 
about 55" for the standard S2. 


An IR spectrum of chloramphenicol obtained with a Beckman 
IR-12 spectrophotometer matched that reported by Sensi (17) and 
by Suzuki (18) but differed somewhat from that reported by Suzuki 
and Shindo (19). However, the latter authors did indicate spectral 
differences between the threo and erythro conformers in the crystal- 
line state in the 5.93-5.97, 6.4&6.54, and 10.W11.10-p regions. 
Although these differences were expected to appear in the silyl 
ethers, none was detected in the KBr spectra of the collected frac- 
tions (Figs. lOa, 6, c). In fact, both fractions from S3 appeared to be 
identical to the standard S2. 


2.4; Za5 = 0.61 %). 
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Figure 12--Partial muss spectra of microsumples: (a) TMS ether of standurd, S2. (b) Chromurographic Fruction I from S3. (c) Chronzu- 
tographic Fraction 11 from S3. 
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Table I-Observed Shift and Splitting of S2 in CC14 


Assign- No. 
ment V" 6 a  Protons Splitting 


~ ~ ~~~ 


a 6 0.10 Singlet 


b 9 0.15 Singlet 
c 205 3.42 1 Doublet 
d 21 1 3.52 1 Singlet 
e 228 3.80 1 Multiplet 


304 5.06 1 Doublet 
335 5 . 5 8  1 Singlet 


f 
g 
h 392 6.53 1 Doublet 
i,j 455 7.58 4 Quartet 


18 


~~ 


a Chemical shift (v) measured in C.P.S. from tetramethylsilane used as 
internal standard in CCla and in p.p.m. (6). 


Standard S2, a fresh derivative solution, and S3 were injected 
into the LKB 9000 and the Barber-Colman 5000 gas chromato- 
graphs. The resultant chromatograms showed identical retention 
times for standard S2, the fresh derivative solution, and the first 
fraction from S3. The mass spectra of S2 and of the fresh deriva- 
tive solution obtained after injection into the LKB 9OOO were identi- 
cal to S2 placed directly into the inlet probe, indicating that the 
three samples were identical. 


The mass spectrum of each collected fraction was compared to 
that of the S2 and the same fragmentation pattern was obtained 
peak for peak (Fig. 1 I), confirming the identity of each as the 0 ,O-  
ditrimethylsilyl ether of p-nitrophenyl-2-dichloroacetamido-l,3- 
propanediol. However, S2, although essentially identical to 
Fraction I, differed from Fraction I1 in the relative intensity of 
several fragment peaks and clusters (Fig. 12). 


The conclusion that Fraction I1 is the diastereomer of chloram- 
phenicol silyl ether is substantiated by the available data as follows: 
the methanol-treated silyl solution (S3) yielded two GLC peaks and 
enantiomers are not known to be separable under these conditions; 
IR spectra showed that both effluent fractions were identical to 
S2; and mass spectra showed that Fraction I was identical with the 
S2 but differed from Fraction I1 only in the relative abundance of 
some peaks. 


Petersson et al. (12) and Capella and Zorzut (14) have shown that 
mass spectra of diastereomers have the same fragmentation pattern 
but differ in the relative intensities of some fragment peaks. They 
report that the mle 147 disiloxonium ion exhibits a very high abun- 
dance, particularly when the sample material contains more than 
one trimethylsilyl group. The m/e 147 peak was also reported to be 
more intense in the erythro than in the ihreo conformer in the case 
of oleic and elaidic acid derivatives. With regard to chloramphenicol 
silyl ether, the mle 147 peak was found to be relatively weak but 
significant at about RI = 5 for both fractions of 
S3 as well as for S2. Walden inversions of structures related to 
chloramphenicol have been reported to occur with phosphorus 
halides (20), in esterification reactions (21), with heat (22), with 
hydrolysis (23), and with other nucleophilic attack by solvolysis 


and 2 3 5  = 1 


(24). 
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Synthetic peptides with an ordered sequence of amino 
acids are of great interest as biologically active sub- 
stances, as test materials for probing the details of 
biochemical processes, and as models with which to 
study the chemical and physical properties of proteins. 
The synthesis of peptides is also of great importance to 
confirm structures deduced for naturally occurring 
peptides and fragments obtained from protein hydroly- 
sates. 


Insulin, which produces hypoglycemia, is perhaps 
one of the most frequently used peptide hormones in 
medicine. Other peptide hormones of therapeutic 
interest are adrenocorticotropic hormone (ACTH), 
oxytocin, vasopressin, melanocyte-stimulating hor- 
mones (a- and P-MSH), angiotensin, bradykinin, 
glucagon, etc. Another important class of biologically 
active peptides includes the antibiotics such as tyro- 
cidins, gramicidin, bacitracin, valinomycin, polymyxin, 
and actinomycin-D which are produced by lower 
organisms such as bacteria and fungi. 


Since the turn of this century, synthetic peptide 
chemistry has undergone periods of varying activity. 
After the excellent contributions of Fischer (I), who may 
well be considered as the father of the present day con- 
cept of step-by-step synthesis of peptides, a rather slow 


period of development followed. The next break- 
through came with the introduction of the carbobenzoxy 
protecting group in 1932 by Bergmann ( 2 )  who, with 
his collaborators, used this protecting group in 
combination with acid chloride and azide methods to 
synthesize a wide range of relatively small peptides 
which were used for the studies of the substrate speci- 
ficity of enzymes. The next major triumph of synthetic 
peptide chemistry was the synthesis of the posterior 
pituitary hormone in 1953 by du Vigneaud et al. 
(3). This opened a new era. The rapid advances and 
continuous refinement in techniques of isolation, 
purification, sequence determination of the peptides 
and proteins, and availability of a rich choice of protect- 
ing and coupling methods led to the synthesis of a 
large number of pure peptides with intricate structures. 
The synthesis of peptide hormones such as angiotensin 
(4), bradykinin ( 5 ) ,  eledoisin (6), a-MSH (7), P-MSH 
(S), gastrin (9), ACTH (lo), insulin ( l l ) ,  secretin (12), 
glucagon (13), thyrocalcitonin (14), and many others is a 
remarkable achievement on the part of peptide chemists. 
In addition to commercial synthesis of corticotropin, 
angiotensin, and many other hormones, a number of 
hormone analogs with more potency than the natural 
hormones have been synthesized (15,16). 


The tremendous growth of interest in the synthesis of 
peptides is well reflected in ever increasing publications 
in this field. So rich is the literature concerning the 
synthesis of peptides that it is barely possible to include 
every development in a review article of this size. For- 
tunately, there have been a number of timely reviews 
and books in this field which have provided peptide 
researchers with necessary information. An excellent 
review article by Fruton (17) marked the begin- 
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ning of monographs in the field of peptides. This 
was followed by a number of reviews by Wieland 
(18-22) and many others (23-29). “Chemistry of Amino 
Acids” in three volumes by Greenstein and Winitz 
(30), published in 1961, “Peptides” in two volumes by 
Schroder and Lubke (31), in 1965, and “Peptide 
Synthesis” by Bodanszky and Ondetti (32), in 1966, 
provide a comprehensive literature survey of the 
progress in the synthesis of peptides. The scope of this 
review therefore will be limited to a brief survey of the 
existing methods frequently used in peptide synthesis. 
The contributions of modified and new methods 
will be discussed in some detail along with some of 
the problems associated with their use in the synthesis 
of peptides. 


In essence, peptide and protein molecules consist of 
amino acids which are linked to each other by amide 
bonds to form what may be called “peptide chains.” 
The amide bond formation involves the elimination of 
water; this can be brought about either by elevated 
temperatures, or by suitable activation of carboxyl or 
amino groups (Scheme I). 


R O  RI 0 
I II I II - H20 


H,N-CH-C-OH + HZN-CH-C-OH 
R O  R1 0 B.F) 
I /I  1 -  II HzN-dH-h-OH 


HzN-CH-C-NH-CH-C-OH > 
R O  RI 0 R, 0 
I ll I I/ I I1 


HzN-CH-C-NH-CH-C-NH-CH-C-OH + (H,O), 
Scheme I 


Elevated temperature peptide synthesis has not been 
the choice approach because of extensive racemization. 
However, the recent work of Fox, who has successfully 
used thermal condensation, will be briefly discussed at  a 
later stage. 


The synthesis of pure peptides requires the protec- 
tion of all functional groups not expected to participate 
in the desired reaction. The carboxyl activation which 
is most frequently used in the formation of the peptide 
bond involves the introduction of a negative group, X, 
which will augment the electrophilic character of the 
carboxyl carbon atom. This facilitates the attack of a 
nucleophilic amino group to form the peptide bond 
(Scheme 11). 


‘t 


X -6 


R-c,, + H-R-H - 
I 
R, 


I 


O R1 
II I 


R-C-N-H=R-C-NH + HX 
/I t l  
4iC H 


Scheme 11 


The peptide bond formation through the activation 
of the amino group has met with relatively less success; 
however, suitable selection of esters to block the car- 
boxyl of amino acids may make them better reactive 
partners. For example, the positive inductive effect of 
tertiary butyl esters would make the free electron pair 
of amino nitrogen more reactive, when compared 


to methyl, ethyl, or benzyl esters. In general, a peptide 
synthesis can be accomplished with the proper selec- 
tion of (a) amino or N-protecting groups; (b)  carboxyl 
or C-protecting groups: and (c) carboxyl-activating 
groups. When the incorporation of polyfunctional amino 
acids is required in the peptide chain, the o-groups, 
which may give rise to side reactions, must also be pro- 
tected by suitable blocking groups. The protecting 
groups must be readily and selectively removed during 
or at  the end of the synthesis. 


AMINO-PROTECTING GROUPS 


A detailed review on the most important amino 
protecting groups was recently published by Boissonnas 


Benzyloxycarbonyl and Related Groups-The carbo- 
benzoxy or more appropriately the benzyloxycarbonyl 
(Z) group which was introduced in 1932 by Bergmann 
and Zervas (2), has been and still is responsible for the 
major work done in the peptide synthesis field. 
This versatile group can be conveniently introduced 
by the treatment of benzyloxycarbonyl chloride with 
the corresponding amino acid in aqueous alkaline 
solution. These derivatives are stable compounds and 
the protecting group can be easily removed by a variety 
of methods. The most frequently used conditions for 
the cleavage of benzyloxycarbonyl group are the hydro- 
genolysis (2) and the treatment of hydrobromic acid 
and acetic acid (34). The other deprotecting conditions 
which may be eixployed are  rcduction with sodium in 
liquid ammonia (35) and hydrogen chloride i n  ethanol 
(36). Barltrop and Schofield (37) have reported another 
approach for the removal of this protecting group by 
means of UV irradiation. Photochemical solvolysis is 
considerably enhanced by m-methoxyl substitution in 
the benzene ring. The use of 3,5-dimethoxybenzyloxy- 
carbonyl as an amino-protecting group and the deprotec- 
tion by irradiation of this group from several amino 
acids and a dipeptide derivative was reported by 
Chamberlin (38) (Scheme 111). 


(33). 


R-CH-COOH 
I 


NH 


7 
OCH, 


NH, 
,OCH,: 


R-CH-COOH I i- HO-CH, -q + CO, 


GCH: 
Scheme I I I  


The removal of the benzyloxycarbonyl group by hydro- 
bromic acid probably follows the protonation of the 
carbonyl oxygen as the first step followed by fission of 
the benzyl-oxygen bond. The carbamic acid inter- 
mediates so formed undergo decarboxylation with the 
liberation of the amino group (39). The benzyloxy- 
carbonyl group is fairly stable to alkaline conditions 
required for the removal of methyl, ethyl, or the benzyl 
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Scheme IV 


esters which are frequently used for carboxyl protection. 
However, the formation of urea or hydantoin derivatives 
may be encountered when the N-benzyloxycarbonyl 
peptides, particularly in the peptides where glycine is 
next to the amino acid which is protected by the benzyl- 
oxycarbonyl group, are treated with alkali (40). The 
formation of N-carboxy anhydrides (Leuch‘s anhy- 
dride) is another serious limitation with the use of 
benzyloxycarbonyl groups particularly when they are 
used i n  combination with acid chlorides (41). The forma- 
tion of Leuch’s anhydride via the carbamic acid deriva- 
tives was recently confirmed when the C-activated 
N-benzyloxycarbonyl amino acids were subjected to 
catalytic hydrogenation under anhydrous conditions 
(42) (Scheme IV). 


CH, 


D p o c - O G  5 Dpoc-NH-R 


CH3 0 


CH, 
Scheme V 


A number of substituted benzyloxycarbonyl and 
other urethan-type protecting groups have been used 
frequently for amino protection. The electron- 
releasing substituents in the benzyl group normally 
increase the rate of cleavage while the electron-attract- 
ing groups increase their stability towards acids. The 
substituted benzyloxycarbonyl groups which have been 
successfully used i n  the synthesis of peptides include 
p-bromo (43), p-chloro (44), p-nitro (45), and p-methoxy 
(46) derivatives. In a comparative study of different 
p-substituted benzyloxycarbonyl glycine ethyl esters, it 
was observed that the p-methoxy derivatives were 
cleaved five to ten times faster than the other derivatives 
on treatment with hydrogen bromide in acetic acid 
(47). P-Phenylazo and p-(p’-methoxypheny1azo)benzyl- 
oxycarbonyl derivatives (48) which afford the colored 


compounds have been used relatively less frequently. 
Sieber and Iselin (49) suggested the use of 2-b-diphenyl)- 
isopropyloxycarbonyl (Dpoc) group for amino protec- 
tion. This group has an interesting feature; it can be 
removed under mild acid condition. The Dpoc group can 
be easily introduced into amino acids by reacting either 
the mixed carbonate or the azide of Dpoc with esters 
or salts of amino acids (Scheme V). 


Among the modified urethan derivatives, tert-butyl- 
oxycarbonyl (t-BOC) has come to be a considerably 
important amino-protecting group (46, 50). The re- 
moval of this protecting group is accomplished with 
considerable ease with 90 % trifluoroacetic acid. While 
this group is reasonably sensitive to acidic conditions, 
it can still be used in combination with even more 
acid-sensitive groups such as trityl group. The advan- 
tage of this fact has been applied in planning the syn- 
thesis of longer peptide chains. tert-BOC amino acids 
can be prepared by using tert-butylazidoformate (51), 
tert-butyl-p-nitrophenyl carbonate (52),  tert-butyl-penta- 
chlorophenyl carbonate (53) ,  or tert-butyl fluoroformate 
(54) as condensing agents. 


CH3 0 CHa 0 


I I 
I I  I II 


CHZ-CH2-C-0-C- 
I 


CH3-C-O-C- 


CH3 
t-BOC 


CH3 
I-AOC 


The use of tert-amyloxycarbonyl (t-AOC) group for 
amino protection has been suggested by Sakakibara 
(55 ) .  This protecting group has no particular advantage 
over the t-BOC group with the exception that t-AOC- 
protected derivatives are relatively less soluble in 
water and can be easily extracted with organic solvents 
from the aqueous reaction media. Deprotection of the 
t-AOC group can be achieved under the same condi- 
tions used for the removal of the t-BOC group. 


p-Toluenesulfonyl (Tosyl) Group ( CHJ --@so,>- 
For a period of time this group enjoyed considerable 
popularity and even today affords a good protection for 
w-amino functions, particularly in the case of lysine (56). 
The main limitations for the tosyl-protecting group is that 
or-tosyl amino acids generally cannot be coupled through 
the mixed anhydride method or through their active esters 
(57). Usually the acid chloride (58 ) ,  azide (59), and tetra- 
ethyl pyrophosphite (60) methods have been used for 
the synthesis of peptides with a-tosyl protection. The 
ready decomposition of tosyl amino acid chlorides in 
alkaline solutions to toluenesulfonamide, probably 
because of the high reactivity of amide nitrogen, has 
been reported by Beecham (61) (Scheme VI). 


R 
I 


Tos-NH-CH-COCI + NaOH -, 
R 


0- I + 
(Tos-N-CH-COC1)Na + H20 --+ 


R 
I 


Tos-NHt + HC=O + NaCl + CO 
Scheme VI 


The tosyl group is remarkably stable to the commonly 
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used methods for the cleavage of other protecting 
groups. The method of choice for the removal of the 
tosyl group is reduction with sodium in liquid ammonia, 
which was suggested by du Vigneaud (62). The mech- 
anism of deprotection which was reinvestigated by 
Kovacs (63)  appears to proceed by the formation of 
sulfite and toluene instead of thiocresol as previously 
reported. There are recent conflicting reports which 
indicate that during reduction, in addition to the 
removal of tosyl group, cleavage of the peptide chain 
between certain amino acids is also possible (64, 65). 
In the case of carboxyl-activated 6-tosyl ornithine 
derivatives, the easy six-membered lactam formation 
poses an additional problem in the use of tosyl group 


Trifluoroacetyl (TFA) Group (CF3CO-)-This group 
which was introduced by Weygand (67) has a remark- 
able advantage in that it can be cleaved by very mild 
alkali hydrolysis; however, a number of problems are 
associated with the use of this group. Some of the 
serious factors which have contributed to the relative 
lack of interest in this protecting group are (a) possibili- 
ties of racemization both at the amino protection and 
at the peptide bond formation stage; (6) problems in 
the removal of this group from larger peptides; and (c) 
difficulties encountered in the introduction of TFA 
group, particularly in serine and threonine (Scheme VII). 


(66). 


H?N- CH -COOH TFA- N H-C-COOH 
I 
I tC'1 d C ' 0 ) i O  1 1  


I 1 
CH-OH CH 


R 
- H i 0  


R 
Scireme VII  


Because of high vapor pressures, TFA-protected 
amino acid and peptide esters can be easily sublimed in 
high vacuum (68). This offers new applications for the 
quantitative determination of amino acids in protein 
hydrolysates. The gas chromatographic separation of 
diastereomeric TFA dipeptide esters provides a useful 
tool in determining the degree of racemization during 
peptide synthesis (69). 


Triphenylmethyl (Trityl) and Related Groups- 


@ 0 
0 


benzyl benzhydryl trityl 


The trityl group is peculiar, in that while it is very 
easily removed from a peptide, it is quite difficult to  
introduce this group to the amino acids. Tritylation 
which is normally carried out with trityl chloride pro- 
ceeds in rather low yields; however, the yields may be 
improved to  a certain extent by using diethylamine 
instead of triethylamine as an acid acceptor in  the 
reaction (70). The easiest tritylation is that of amino 
acid esters. However, the saponification of the ester 
which necessarily follows offers serious problems. 
The lack of hydrolysis may well be attributed to  the 
bulky trityl group. The tritylglycine ethyl ester and the 


tritylalanine methyl ester are perhaps the only esters 
which can be saponified at room temperature under 
normal conditions (70). This may be explained by the 
lack of an elaborate side chain in these amino acids which 
would permit the nucleophilic attack by the hydroxyl 
group. The trityl group can be removed with acetic 
acid even in the presence of tert-butyloxycarbonyl 
group and this selective detritylation was used by 
Schwyzer for the synthesis of an ACTH sequence 
(71). The trityl group can also be removed by catalytic 
hydrogenation. Under controlled conditions of hydro- 
genation, benzyl esters may be removed in preference 
to  trityl groups as in the case of trityl amino acid benzyl 
esters (72). This procedure may find use in  the prepara- 
tion of trityl amino acids. 


Benzyl and dibenzyl protections for the amino group 
have met with little success because of their stability 
in  acids and considerable resistance to  catalytic hydro- 
genation. The benzhydryl group, which has been so far 
used only for the protection of sulfhydryl and carboxyl 
groups, holds good promise for amino protection as 
the properties of this group are between those of benzyl 
and trityl groups. 


Phthalyl Group-This group which was introduced 
into peptide synthesis in the late forties (73, 74) until 
recently did not enjoy popularity because of difficulties 
encountered during phthalylation. However with the 
elegant conditions introduced by Nefkens (75), this 
protecting group is gaining considerable attention. 
Phthalylation, according to  Nefken's procedure, is 
carried out using N-ethoxycarbonylphthalimide in dilute 
sodium carbonate solution. The mechanism suggested 
for the reaction assumes the opening of the five-mem- 
bered ring and subsequent formation of the phthalyl- 
amino acid with the elimination of urethan (Scheme 
VTII). 
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Scheme VII l  


The phthalyl group has recently been used for the 
selective protection of the w-amino group of lysine (72) 
and of ornithine (76). The deprotection of this group 
is achieved only by hydrazinolysis. Since the phthalyl 
group is not stable to  alkali, the ester group used for 
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carboxyl protection in the synthesis of peptides with 
phthalyl protection must be hydrolyzed under acidic 
conditions. A combination of phthalyl and tert-butyl 
groups is quite suitable. A useful method for the intro- 
duction of phthalyl protection with ethoxyacetylene 
and phthalic acid was reported recently (77). N-pro- 
tected derivatives were prepared from amino acids or 
their esters, both in anhydrous and in aqueous solution. 


Arylsulfenyl and Related Groups-These groups 
were introduced by Zervas et al. (78) and provide an 
excellent method for amino protection. Tritylsulfenyl 
and arylsulfenyl amino acids, with electron-withdraw- 
ing substituents in the ring are rapidly cleaved by mild 
acid treatment. The o-nitrophenylsulfenyl (NPS) group, 
which has been the group of choice, is selectively 
removed when the tevt-butyl ester is present. This 
group can be also removed by Raney nickel (79) and 
this provides a useful approach to  avoid the partial 
cleavage of the other acid-labile groups present. How- 
ever, the benzyloxycarbonyl group is removed under 
the same conditions. Raney-nickel cleavage of NPS 
group fails when applied to sulfur-containing peptides. 
Other useful deprotecting agents for the NPS group 
which were suggested by the Scoffone laboratories are 
thioglycolic acid and thiophenol (SO). A disulfide is 
formed in addition to the free amino acid or peptide 
(Scheme IX). 
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NO2 
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R, = -H : -NO, 


Scheme I X  


Various other reagents have been reported for the 
cleavage of the NPS group (81). The NPS derivatives of 
amino acids generally are not easily obtainable in a 
crystalline form, and their purification and characteriza- 
tion is often carried out by preparing the corresponding 
dicyclohexylammonium salts. Fontana et al. (82) 
suggested the use of the 2,4-dinitrophenylsulfenyl 
(DNPS) group which gave easily crystallizable com- 
pounds with a higher melting point when compared with 
the corresponding NPS derivatives. The DNPS group 
can be cleaved with the same conditions as those used 
for the NPS group. When the NPS or DNPS are 
cleaved with acid from tryptophan peptides, the sulfenyl 
halide formed during the removal step reacts quantita- 
tively at the 2-position of the indole ring (SO). This 
reaction mechanism has been discussed by Wunsch 
(83) (Scheme X). 


The use of sulfenyl halides has been successfully 
extended as modifying reagents for polypeptides and 
proteins. Tryptophan was converted to 2-hydroxy- 
tryptophan through an intermediate 2-thio-aryl-trypto- 
phan derivative (84). When the N-o-nitrophenylsulfenyl 
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group is removed from cysteine peptides bearing free 
thiol groups by means of hydrogen chloride in methanol 
or in nonpolar solvents, an N + S transfer of the NPS 
group takes place to give the corresponding S-NPS 
derivative (85) (Scheme XI). 
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Therefore, during the preparation of cysteine pep- 
tides using N-NPS derivatives of amino acids and S- 
protected cysteines, the removal of NPS-group must 
be done either in S-protected cysteine peptides or in the 
oxidized -S-S-peptides, i.e., in the cystine peptides. 


Tritylsulfenyl amino acids have a remarkable advan- 
tage over trityl amino acids in that they can be 
coupled conveniently by the mixed anhydride or p -  
nitrophenyl ester methods. Trityl amino acids do not 
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undergo coupling with these methods because of steric 
hindrance. 


Schiff Bases-Schiff bases are normally quite un- 
stable and cannot be used as protecting groups. How- 
ever, Schiff bases which can be stabilized by hydrogen 
bonds by the use of 1,3-dicarbonyl compounds (86) 
or by hydroxy derivatives (87) provide suitable protect- 
ing groups in the synthesis of peptides (Scheme XII). 


CARBOXYL PROTECTION 


The primary consideration for the substitution of the 
carboxyl group is the release of the amino acid from its 
zwitterion state rather than actual protection. The 
protecting groups most commonly used have been 
limited to methyl, ethyl, benzyl, terr-butyl, and p -  
methoxy-benzyl esters. Several new carboxyl groups 
have come to the limelight in recent years. 


Methyl and Ethyl Esters-These esters are normally 
prepared by introducing dry hydrogen chloride into a 
suspension of the amino acid in absolute methanol or 
ethanol. The corresponding amino acid esters are ob- 
tained as hydrochlorides. Another convenient approach 
is the use of thionyl chloride (88) or acetyl chloride 
(89). Methyl or ethyl esters are removed during or after 
the synthesis of peptides by alkaline hydrolysis which 
generally produces a number of problems such as 
racemization, transpeptidation, and formation of urea 
or hydantoin derivatives. Alkali-labile N-protecting 
groups, such as phthaloyl, have to be excluded when C- 
protection is carried out by methyl or ethyl esters. 
Cleavage of sensitive amide bonds is another possi- 
bility when alkali is used for the removal of these 
esters. Removal of methyl or ethyl C-protection be- 
comes more difficult as the number of amino acids 
increase in the peptide chains. Dilute hydrochloric acid 
in aqueous acetone (73) and lithium halides in pyridine 
(90) have been recommended as alternative methods 
for the removal of the methyl or ethyl C-protection. 


Benzyl Esters-The main advantage of benzyl esters 
over methyl or ethyl esters is their easy removal by 
hydrogenolysis. These esters can be prepared in satis- 
factory yields by using other catalysts rather than 
hydrochloric acid. Polyphosphoric acid (91), p-toluene- 
sulfonic acid (92), and benzene sulfonic acid (93) have 
been successfully used for benzylation. Water formed 
during the reaction is removed by azeotropic distilla- 
tion. The catalytic hydrogenation of benzyl esters in 
ethanol may be accompanied by transesterification 
and formation of the ethyl ester. This can be prevented 
by the use of rert-butanol as solvent (94). Benzyl esters 
cannot be cleaved selectively by hydrogenation in the 
presence of a benzyloxycarbonyl group ; however, they 
may be hydrogenated selectively in the presence of trityl 
groups. Benzyl esters are removable by hydrogen 
bromide and by sodium in liquid ammonia. Benzyloxy- 
carbonyl groups in the presence of these esters may be 
selectively removed by controlled treatment with hydro- 
gen bromide in glacial acetic acid (95) or in nitro- 
methane (96). Catalytic hydrogenation of benzyl esters 
in large peptides is generally quite difficult. 


p-Nitrobenzyl Esters-These esters which can be 
prepared by the modification of esterification methods 


(97) used for the preparation of benzyl esters have a 
definite advantage in that they are stable to hydrogen 
bromide-acetic acid reagent; therefore, these esters 
allow the selective removal of the benzyloxycarbonyl 
group. They are removed easily by hydrogenolysis. 
The derivatives of p-nitrobenzyl esters are generally 
higher melting compounds and can be easily crys- 
tallized. Another significant advantage is the a-esteri- 
fication when the benzyloxycarbonyl-aspartic anhydride 
is treated with p-nitro benzyl alcohol under anhydrous 
conditions (98). 


p-Methoxybenzyl Esters-p-Methoxybenzyl esters 
which were first reported by Weygand and Hunger (99) 
have not gained great popularity mainly because of the 
difficulties encountered during their preparation. How- 
ever, Stewart (100) has suggested a convenient method 
for the preparation of p-methoxybenzyl esters by 
imidazole-promoted condensation of the corresponding 
p-nitrophenyl esters with p-methoxybenzyl alcohol. 
Since these esters are more sensitive to acid reagents, 
their future use as carboxyl protecting agents seems to 
be imminent. 


Recently, Weygand et al. (101) reported an extensive 
study on the kinetics of different methoxy-substituted 
benzyl esters and found 2,4-dimethoxy and 2,4,6- 
trimethoxy benzyl esters as suitable protecting groups 
for amides such as asparagine and glutamine. These 
esters are stable to catalytic hydrogenation and meth- 
anolic hydrochloric acid, but can be conveniently re- 
moved by trifluoroacetic acid. 


Methyl-Substituted Benzyl Esters-The use of 2,4,6- 
trimethylbenzyl and pentamethylbenzyl groups for 
carboxy protection was recently reported by Stewart 
(102). The advantage of these esters over benzyl esters 
is their rapid cleavage by hydrogen bromide in acetic 
acid under conditions which result in complete removal 
of the benzyloxycarbonyl group. 


0 CH3 
II I 


I 
CH3 


Tertiary Butyl Esters R-C-O-C-CH~- 


The introduction of these esters has been a significant 
contribution in the synthesis of peptides (103). They 
are cleaved with extreme ease by acid reagents probably 
by the formation of the carbonium ion. The free tert- 
butyl esters of most amino acids are stable and distillable 
liquids, and normally do not undergo self-condensation 
to form diketopiperazine derivatives. They are very 
stable to hydrogenation and less sensitive to alkali 
treatment. These esters have been particularly useful 
when the incorporation of monoamino dicarboxylic 
acids is desired in the peptide chains. Among the 
methods for their removal, the treatment with trifluoro- 
acetic acid is perhaps most suitable (104). 


p-Methylthioethyl Esters-The use of p-methyl- 
thioethyl esters for the protection of carboxyl group 
is a novel approach which was suggested by Rydon 
(105). Their utility in the synthesis of peptides is based 
on the observations that the meththiodides and sulfones 
derived from P-methylthioethyl esters of amino acids 
and peptides are split to the parent carboxylic acids 
under extremely mild alkaline conditions. In the initial 
reports, their removal was suggested by first converting 
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these esters into the meththiodides by the action of 
methyliodide, and subsequent treatment of the meth- 
thiodides with aqueous alkali solution at  room tem- 
perature. The free carboxylic acid is regenerated along 
with the formation of dimethylvinylsulfoniumiodide. 
The above method for deprotection failed with a series 
of N-fert-butoxycarbonylglutamic acid peptides in which 
the side chain carboxyl group was protected as benzyl 
ester because of contamination with considerable 
amounts of side products, which led to difficulties during 
purification. In a recent communication, Rydon (106) 
has proposed a new method for the removal of these 
esters. The new approach involves the oxidation of 
methylthioethyl esters with ammonium molybdate to 
the corresponding sulfones which, in turn, can be 
readily split at room temperature in mild alkaline 
solutions (Scheme XIII). 


0 
I 0 2  OH-  


R-C-0-CH2-CH2-S-CH3 + R . COZCHz. CH,. SO,. Me -+ 


R.COz- + CH2:CH.SOZ.Me + HzO 
Scheme XIII 


Amides and Substituted Hydrazides-The hydrazide 
group itself is not suitable for carboxyl protection 
because an amino group cannot be acylated selec- 
tively in its presence. The hydrazides used are therefore 
blocked with suitable amino protecting groups in order 
to prevent the side reactions (107, 108). These include 
benzyloxycarbonyl, tert-butyloxycarbonyl, and trityl 
hydrazides. The cleavage of hydrazide bond to form 
the free acid is not possible; therefore, this type of 
carboxyl protection is suitable only for the synthesis of 
intermediates which can be converted into reactive 
derivatives such as azides. 


Phthalimidomethyl Esters-This carboxyl-protecting 
group introduced by Nefkens (109) has an attractive 
feature in that it is stable to catalytic hydrogenation, 
but can be removed under a number of conditions such 
as the following: hydrogen chloride in organic solvents, 
diethylaniine in ethanol, dilute aqueous sodium hy- 
droxide, and hydrazine. 


Diphenylmethyl Esters (Benzhydry1)-Significant 
progress was made in the laboratories of Zervas (1 lo), 


HC1 


ether 
NPS-NH-CH-C-NH-CH-C-ODPM - 


Fruton (1 I I), and Hiskey (1 12) by the introduction of 
benzhydryl esters. This group can be conveniently 
removed by hydrogen chloride (or hydrogen bromide) 
in nonpolar solvents or by hydrogenolysis. With the 
introduction of NPS amino-protecting groups, the use 
of these esters is guaranteed a secure place for carboxyl 
protection in the synthesis of peptides. The NPS group 
can be selectively removed in the presence of the benz- 
hydryl group (1 13) (Scheme XIV). 


0 


Phenacyl Esters (PAC) (@!-CH1--The phen- 


acyl group differs from the tertiary butyl and diphenyl- 
methyl ester groups in that it is stable to hydrogen 
chloride or hydrogen bromide even when high concen- 
trations of these reagents are used. This group can be 
removed by catalytic hydrogenation. A combination of 
diphenylmethyl and phenacyl ester protection as out- 
lined by Zervas (1 14) offers a convenient approach for 
the incorporation of monoamino dicarboxylic acid in 
the peptide chains. 


4-(Methylthio)phenyl Esters (MTP)-This ester for 
carboxyl protection (1 15) may be considered as an 
extension of Rydon’s approach (105). The interesting 
feature of this ester is that it can be directly converted 
by oxidation to the sulfoxide, 4-(methylsu1finyl)phenyl 
ester, and further oxidation of the sulfoxide leads to 
the formation of the sulfone, 4-(methylsulfony1)phenyl 
active ester, which can be used for coupling in the syn- 
thesis of peptides (Scheme XV). 


4-Picolyl Esters N B C H , -  - An ingenious 


method of blocking the carboxyl group with 4-picolyl 
esters was recently suggested from the laboratories of 
Young (116). These esters, in addition to  being good 
protecting groups, also provide a basic “handle” when 
incorporated into the C-terminal residue and facilitate 
the isolation of the growing peptide after each coupling 
step. The 4-picolyl esters at  the termination of the syn- 
thesis can be removed by catalytic hydrogenation or by 
electrolytic reduction. The usefulness of this procedure 
for the lengthening of the peptide chain from C- 
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terminal residues of amino acid was demonstrated 
by the synthesis of Val5-Angiotensin 11. 


A related method using p-dimethylazobenzyl esters 
has also been reported (1 17). 


Salt Formation-The protection of the carboxyl group 
by salt formation represents theleast elaborate approach. 
In order to avoid protonation of the amino group in 
amino acids, a suitably strong base such as sodium 
hydroxide or organic bases such as triethylamine, tri- 
butylamine, or dicyclohexylamine may be used. The 
relative lack of success of this approach is due to 
low yields and the difficulties encountered during the 
purification of the reaction products. However, recently 
a number of active esters of N-protected amino acids 
have been used successfully for coupling with amino 
acids and peptides that were C-protected by suitable 
salt formation (1 18, 1 19). 


PROTECTION OF w-GROUPS IN THE AMINO ACIDS 


Excellent surveys enumerating the masking of w- 
groups during the synthesis of peptides have been re- 
ported (3 1, 32). 


The selective formation of westers by the ring open- 
ing of the N-benzyloxycarbonyl glutamic anhydride 
by the corresponding alcohols was indeed a big con- 
tribution by Gibian and Klieger (120). The selective 
ring opening to form westers in the case of N-protected 
aspartic anhydride is relatively more difficult ; however, 
the reaction of p-nitrobenzyl alcohol with N-benzyloxy- 
carbonyl aspartic anhydride usually results in the 
formation of a-p-nitrobenzyl ester (121). 0-Carboxyl 
can then be protected by a tertiary butyl ester. Another 
very useful approach for selective protection of carboxyl 
groups of glutamic acid by diphenylmethyl and phen- 
acyl esters has been suggested by Zervas (1 14). 


Serine and threonine can be incorporated in the 
peptide chain with their free hydroxy groups; however, 
in order to limit any possibility of side reactions it is 
advantageous to  suitably mask the hydroxyl group. 


A number of derivatives with suitable protection for 
the hydroxyl groups of serine and threonine have been 
reported (32). Among the most promising of the mask- 
ing groups for the hydroxy function of serine and threo- 
nine is the 2,2,2-trifluoro-l-benzyloxycarbonylamino- 
ethyl (Z-TF) group suggested by Weygand. This group 
can be cleaved by catalytic hydrogenation or with 


hydrogen bromide in acetic acid. A very useful com- 
bination of this hydroxyl-protecting group with p -  
methoxybenzyloxycarbonyl and tertiary butyloxy- 
carbonyl as amino protection has been suggested (122). 


The weakly basic imidazole ring in the side chain of 
histidine poses a number of problems and it is desirable 
to provide suitable protection for the imidazole ring in the 
synthesis of peptides incorporating histidine. Benzyl 
(1 23), benzyloxycarbonyl (1  24), and trityl (1 25) groups 
for imidazole protection have been successfully used in 
combination with a variety of amino-protecting groups 
for the synthesis of histidine peptides. Two very attrac- 
tive protecting groups, 2,2,2 - trifluoro - 1 - benzyl- 
oxycarbonylaminoethyl (Z-TF) and 2,2,2-trifluoro-l- 
tert-butyloxycarbonylaminoethyl (BOC-TF) for the 
imino group of histidine, appear to be of particular 
interest (1 26). The first-mentioned protecting group 
(Z-TF) can be removed by catalytic hydrogenation 
while the latter (BOC-TF), which is stable to hydro- 
genation, can be conveniently cleaved with trifluoro- 
acetic acid. A combination of these groups with penta- 
chlorophenyl active esters for lengthening the peptide 
chains and for the synthesis of sequential polypeptides 
incorporating histidine has shown promising results 
in the author’s laboratories. The use of adamantyl- 
oxycarbonyl (AdOC) group was suggested for amino 
protection (127) and this group has been successfully 
employed by Wunsch (13) for histidine protection dur- 
ing the synthesis of glucagon. 


Arginine, which contains a guanidine group of an 
unusually basic nature, can be incorporated if suitable 
protonation is available. In order to reduce the basic 
character of the guanidine group, the classical approach 
is to convert this group into the nitroguanidine deriva- 
tives. Zervas has used the tribenzyloxycarbonyl and 
tritrityl derivatives of arginine (128) in the synthesis of 
peptides. It is interesting to observe that one acyl 
group, the w-benzyloxycarbonyl group, is removable 
by hydrogen bromide in acetic acid. However, all three 
benzyloxycarbonyl groups are labile to hydrogenolysis. 
The a-trityl group forms tritrityl arginine which can also 
be selectively removed, thereby offering a useful ditrityl 
arginine derivative for lengthening the peptide chain 
from C-terminal residue. The trityl group in the guanido 
moiety is exceptionally stable to hydrogenolysis and 
can be cleaved only by hydrogen bromide in acetic acid. 
The idea of using derivatives of ornithine throughout 
the synthesis and to convert ornithine to arginine by 
guanylation at a suitable stage was proposed by Fruton 
(129) and was successfully applied by Bodanszky (130) 
for the synthesis of biologically active peptides. The 
tosyl group has also been used for the protection of 


Zn 
Z-Arg(NZ)-Pro-OH - Z-Arg-Pro-OH 
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Scheme XVI 


8 0 Journal of Pharmaceutical Sciences 







the guanido group in arginine. While the a-amino tosyl 
group can be conveniently removed by electrolytic 
reduction, the removal of tosyl protection from a-tosyl 
arginine under the same conditions is relatively difficult, 
particularly in longer peptides. In addition to nitration, 
protonation, tosylation,and other methods, the use of the 
tetrachloroisopropyloxyphthaloyl (T1P)group and thep- 
nitrobenzyloxycarbonyl (NZ) group for the protection 
the of guanido group in arginine has been suggested (1 3 1 , 
132). An interesting method for the removal of the 
nitro or p-nitrobenzyloxycarbonyl guanido-protecting 
groups by acidic zinc reduction has been suggested by 
Pless and Guttmann (133) even in larger peptides. This 
method leaves the a-amino benzyloxycarbonyl group 
intact (Scheme XVI). 


The sulfhydryl group in cysteine is highly reactive 
and must be afforded suitable protection. The S-benzyl 
group which is cleaved by sodium in liquid ammonia 
was suggested by du Vigneaud (134) and has remained 
the group of choice. However, in order to provide the 
sulfhydryl-protecting groups which can be removed 
under relatively milder conditions, an extensive search 
was undertaken in various laboratories. A number of 
SH-protecting groups such as acyl, trityl, benzhy- 
dryl, benzyloxycarbonyl, and p-methoxybenzyloxycar- 
bony1 have been suggested. All these groups can be 
selectively removed under mild conditions without 
affecting sensitive parts of the molecule and especially 
the already existing -S-S-bridge. Another approach is the 
incorporation of o-tosyl serine (135) or 6-chloroalanine 
(136) residues into a peptide chain and their subsequent 
conversion into S-protected cysteine residues by 
nucleophilic displacement reactions. The use of 
the acetamidomethyl group for the protection of the SH 
group of cysteine has been suggested recently (1 37). 
This protecting group is stable under conditions which 
cause the removal of commonly employed acid-labile 
substituents, but can be easily cleaved with two equiva- 
lents of Hg at pH 4. 


A series of tert-arylalkyl groups such as l-phenyl- 
cyclohexyl (PCM), for SH protection of cysteine were 
reported by Konig(138). Because of the stability of these 
groups toward HCl/acetic acid, HBrlacetic acid and 
hydrazide, they allow the selective removal of N-benzyl- 
oxycarbonyl, N-tert-butyloxycarbonyl, and N-phthalyl 
groups. Trifluoroacetic acid is the reagent of choice for 
the cleavage of PCH and related protecting groups 
(Scheme XVII). 


FORMATION OF THE PEPTIDE BOND 


Since the turn of this century, a number of classical 
methods joining the amino acids through amide bonds 
have been developed for the formation of well defined 
peptides. In a broad sense, a peptide bond may be 
formed either by the activation of an amino group or 
by the activation of a carboxyl group. The amino group 
is capable of amide formation by way of its free elec- 
tron pair. The nucleophilic character of the amino 
group would be expected to increase with the substitu- 
tion of electron-releasing groups, thereby allowing easy 
formation of the amide bond. This approach has not 
been fully explored. However, a number of reactive 


NaOH 
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HCl/acetic acid 
BOC-Leu-Cys(PCH)-Gyl-OH 7 


H-Leu-Cys(PCH)-Gyl-OH - H-Leu-Cys-Gyl-OH TFA 


PCH = 9 7  v 
Scheme XVII 


derivatives of the amines have been reported for the 
formation of peptide bonds. The actual coupling may be 
visualized to proceed through theactivated carboxylcom- 
ponent. For example, isocyanates, which are prepared 
from amino ester hydrochlorides and phosgene as 
reactive amino derivatives (139), form a peptide bond 
with N-protected amino acids or peptides through a 
mixed anhydride of a carbamic acid (Scheme XVIII). 
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Other methods based on reactive amine derivatives 
which have been used in the synthesis of peptides in- 
clude phosphazo (140), phosphorus acid esters (141), 
arsenious acid esters (142), and phosphorus pentoxide 
(143). While these methods have a definite place in 
peptide chemistry, the bulk of peptide synthesis in- 
volves the peptide bond formation through the activa- 
tion of the carboxyl group. 
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Peptide Synthesis by Activation of the Carboxyl 
Group-Mixed Anhydride Methods-The actual appli- 
cation of the mixed anhydride method in the synthesis 
of peptides was made in the laboratories of Wieland 
(144). One of the main considerations in the selection 
of anhydride-forming acid, or the "partner" acid as 
more appropriately termed by Bodanszky and Ondetti 
(32), is the presence of an electron-releasing structure. 
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This will limit the formation of N-acetyl amino acids 
or peptides during coupling (Scheme XIX). 


The acids with low dissocation constants and long, 
branched aliphatic chains are more useful and lead to 
selective formation of peptide bonds. Introduction of 
carbonic acid-half ester-half chlorides, where the 
alkoxy group provides the electrons, is a tremendous 
improvement in mixed anhydride method. Ethylchloro- 
formate (145) and isobutylchloroformate (146) are the 
reagents of choice for the formation of mixed an- 
hydrides of N-protected amino acids and peptides 
(Scheme XX). 
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Easy removal of the by-products greatly facilitates 
the isolation of the desired peptide from the mixed 
anhydride reaction mixture. The scope and limitations 
of this method have been discussed by Albertson (147). 
One of the most serious limitations is the danger of 
racemization when the N-protection for peptides used 
in mixed anhydride coupling is other than benzyloxy- 
carbonyl or tert-butyloxycarbonyl. Anderson et al. 
(148) have reported an extensive reevaluation of the 
conditions used for mixed anhydride coupling. The 
tertiary base used for mixed anhydride formation 
is not merely a hydrogen chloride acceptor, but it first 
reacts with the chloroformate to form a quaternary 
compound which then reacts with the carboxyl group. 
The degree of racemization is dependent on the basicity 
of the amine used. The use of weaker bases such as 
N-methylmorpholine has been recommended. The best 
results are obtained with isobutylchloroformate, and 
the solvents of choice for mixed anhydride coupling 
are ethyl acetate and tetrahydrofuran. 


N-Acyl amino acids, after activation with isobutyl- 
chloroformate, are used for the coupling reaction 
without the isolation of the active intermediate ; how- 
ever Anderson (148) has reported the isolation of N-  
phthalyl alanine mixed anhydride with isobutyl car- 
bonic acid. This is perhaps the first time that a reactive 
derivative of a mixed anhydride has been isolated. In 
the author’s experience, a combination of modified 
mixed anhydride and pentachlorophenyl active ester 
methods provides a useful approach for lengthening the 
peptide chains of N-protected, C-activated peptide 
units from C-terminal residues of amino acids (149). 
The synthesis of these peptide units without any signif- 
icant racemization is of considerable importance for 
the preparation of sequential polypeptides. Another 
approach for the preparation of mixed anhydrides 
is by the use of diphenylphosphoric acid (150) which is 
particularly useful for the activation of hindered trityl 


amino acids. A large variety of “partner acids” such as 
derivatives of phosphoric, phosphorous, and sulfuric 
acids, and aliphatic or aromatic sulfonic acids which are 
employed for the formation of mixed anhydrides have 
been reviewed (32). 


Azide Method-Despite a number of disadvantages, 
this method, which was introduced by Curtius (151), 
is very highly regarded in the synthesis of peptides, 
mainly because racemization during the coupling reac- 
tion is not observed. The azides are unstable compounds 
which are used without isolation and are prepared via 
the crystalline hydrazides of N-protected amino acid or 
peptide esters. 


The formation of isocyanates due to the rearrange- 
ment of azides may lead to the formation of urea deriva- 
tives, and cyclic urethans in serine-containing peptides 
(1 52) (Scheme XXI). 
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The preparation of hydrazides uiu hydrazinolysis is 
not possible with phthalyl or trifluoroacetyl N-protected 
amino acid or peptide esters. Hofmann (153) has sug- 
gested the use of protected hydrazides, and this ap- 
proach has been used by Weygand (154) for the syn- 
thesis of very useful intermediates for lengthening the 
peptide chains both from the amino and carboxyl 
terminal residues of amino acids. 


Carbodiimides-Among the most frequently used 
carbodiimides is the N,N‘-dicyclohexylcarbodiimide 
which was introduced by Sheehan and Hess (155). 
This method is perhaps the most popular method of 
peptide synthesis and the mechanism of possible routes 
of acylation with the aid of carbodiimides has been 
discussed in detail by Khorana (156). When a dialkyl- 
carbodiimide is allowed to  react with a carboxyl group, 
an o-acylurea is first formed which in turn reacts 
readily with nucleophiles. One of the disadvantages of 
this method is the rearrangement of the reactive inter- 
mediate o-acylurea to a more stable N-acylurea which 
is only slightly susceptible to reactions with nucleo- 
philes. Another disadvantage is the difficulty of the 
removal of N,N’-dicyclohexylurea which is formed as a 
by-product. To meet this difficulty, dialkylcarbo- 
diimides such as N-ethyl, N’-(7-dimethylaminopropyl) 
carbodiimide which yield water soluble ureas have been 
devised (157). The use of insoluble polycarbodiimides 
such as polyhexamethylene carbodiimide, which allows 
easy purification of reaction products, has been sug- 
gested by Frankel (158) (Scheme XXII). 


The use of an interesting coupling reagent, ethoxy- 
acetylene, was reported by Arens (159). The coupling 
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with this reagent has an attractive feature in that the 
by-product ethyl acetate does not interfere with the 
isolation of the desired product. The peptide bond 
formation may proceed either directly, by the reaction 
to amino component to the addition product of car- 
boxylic acid and ethoxyacetylene, or through the forma- 
tion of symmetrical anhydride (Scheme XXIII). 
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Buyle and Viehe (160) introduced inamines such as 
dimethylamino terf-butylacetylene or dimethylamino- 
phenyl acetylene as coupling reagents. These types of 
inamines are also capable of forming symmetrical 
anhydrides; and, Weygand (161) has used symmetrical 
anhydrides formed by diethylaminomethyl acetylene 
for the synthesis from C-terminal residue of amino 
acids of a protected nonpeptide. The by-product, 
propionic acid diethyl amide, is soluble in petroleum 
ether and can be easily removed (Scheme XXIV). 
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Ketenamines such as diphenyl ketene p-tolylimine 
(Scheme XXV) have been used in the synthesis of pep- 
tides (162) and in a sense, the mechanism of their reaction 
closely resembles that of isoxazoliums salts which 
were introduced by Woodward (163, 164) a few years 
later. 


Scheme XXV 


Woodward’s reagent, N-ethyl-5-phenylisoxazolium-3 I -  


sulfonate, reacts with a base to form a ketimine which 
adds to the carboxyl group and a tautomeric enol ester is 
formed. This is followed by a rearrangement involving 
an acyl migration to the actual activated enol ester deri- 
vative (Scheme XXVI). 
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Scheme XXVI 


Although high yields are obtained during coupling 
with Woodward’s reagent under optimum conditions, 
lower yields result if the addition of amine component 
to active enol ester is delayed. This is perhaps due to 
intramolecular 0 + N acyl migration. Woodward and 
Woodman (165) have proposed the solution to this 
problem by using bulky N-tert-butyl-substituent which 
gives a stable enol ester. A new coupling reagent, N-tert- 
butyl-5-methylisoxazolium perchlorate, has been sug- 
gested, which in addition to forming stable activated 
enol esters, also makes possible the isolation of the 
intermediate ketoketenimes (Scheme XXVII). 
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It 


CH,-C-CH=C=N-C(CH,), 


Scheme XXVII 


Another isoxazolium cation, 2-ethyl-7-hydroxy- 
benzisoxazolium fluoroborate, which seems to be quite 
promising was proposed by Kemp (1 19). The interesting 
feature of this coupling reagent is the remarkable base 
stability of the activated 3-acyloxy-2-hydroxy-N-ethyl- 
benzamide derivatives, and this should make them useful 
for coupling with salts of amino acids (Scheme XXVIII). 
Attachment of electron-withdrawing substituents in the 
benzene ring of benzisoxazolium cation such as in the 
case of 5,7-dichloro-2-ethyl benzisoxazolium salt, has 
been suggested for a possible increase in the activity 
of the intermediate active esters (166) (Scheme XXIX). 


Belleau and Malek (167) have used N-ethoxycar- 
bonyl-2-ethoxy 1,2-dihydroquinoline (EEDQ) as a 
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coupling reagent. The actual activation proceeds cia the 
formation of the mixed anhydride which is preceded by 
the displacement of the 2-ethoxy substituent by carboxylic 
acids. Slow formation but rapid consumption of the 
active derivative should minimize the side reactions 
(Scheme XXX). 


Reactive N-acyl Derivatives-The transfer of acyl 
residues from derivatives of Nim-acylhistidine to amino 
groups, and thus the possibility of carboxyl activation 
by imidazolide formation, has been described by 
several authors (168). Sheehan found that the intramolec- 
ular amide (active lactam) of N-a-p-nitrobenzyloxy- 
carbonyl histidine reacts with benzylamine to  form N-a- 
p-nitrobenzyloxycarbonyl histidine benzylamide (169). 
This, along with the contributions from Staab (170), 
Anderson (171), and Beyerman (172), have led to a 
number of useful coupling reagents such as N,N'- 
carbonyldiimidazole, thionyldiimidazole, and carbonyl 
dipyrazole. The reaction proceeds through the forma- 
tion of acyl derivatives which couple with the amino 
group to form the peptide bond. The liberated imidazole 
has a beneficial catalytic effect on the rate of the reac- 
tion (Scheme XXXI). 


Active Esters-The synthesis of peptides uia the 
aminolysis of activated esters was pioneered with the 


I c1 


Scheme X X I X  


0C2H5 


Scheme XXX 


use of phenylthiol esters by Wieland (173). One of the 
main advantages with the use of active esters is the 
possibility of isolation and purification of the reactive 
intermediates. These esters have relatively less energy 
when compared to other activating methods such as 
mixed anhydride or DCC, and therefore normally do 
not acylate weaker nucleophiles such as the OH group 
in hydroxy or phenolic amino acids. A large number of 
methyl esters with different negative substituents were 
examined by Schwyzer, and as a result, cyanomethyl 
esters were introduced in the synthesis of peptides (174). 
Bodanszky embarked on an elaborate study of phenyl 
esters, in which the already pronounced electron 
attraction of the phenyl group was further enhanced by 
appropriate substituents, and recommended the use of 
p-nitrophenyl esters (179, which indeed was a valuable 
service to the peptide chemists. Schwyzer's group, 
shortly afterwards, described the preparation of a 
series of negatively substituted aryl esters, among them 
the very interesting p-methanesulfonylphenyl ester 
(176). The use of halogen-substituted phenyl esters such 
as 2,4,5-trichlorophenyl and pentachlorophenyl ester 
was suggested by Kupryszewski (177). A detailed ki- 
netic study of various active esters was reported by 
Stick and Leemann (178). The use of pentachloro- 
phenyl esters has been reinvestigated by Kovacs and 
this author as a versatile tool for the synthesis of pep- 
tides and sequential polypeptides (179). The penta- 
chlorophenyl active esters have the following advan- 
tages: (a) they are one of the most active esters; (b )  
they are generally higher melting compounds than 
other active esters, which leads to their easy crystalliza- 
tion and purification; (c) they are conveniently prepared 
without any significant racemization by N,N'-dicyclo- 
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hexylcarbodijmide (DCC) method; (d) they are stable 
to controlled hydrogenation conditions and make an 
excellent combination with N-benzyloxycarbonyl and 
tert-butyl protecting groups when the incorporation 
of trifunctional amino acids in the peptides is desired. 
Pentachlorophenyl esters of N-protected amino acids 
also couple in satisfactory yields with amino acids and 
peptides C-protected by suitable salt formation (1 18). 


Further search for active esters led Nefkens (180) 
to the use of N-hydroxyphthalimide esters which were 
shortly followed by the introduction of analogous 
esters namely the N-hydroxysuccinimide esters from the 
laboratories of Anderson (18 1) (Scheme XXXII). During 
the past few years, the latter esters have received consider- 
able attention mainly due to the easy removal of the 
by-product of acylation, N-hydroxysuccinimide, by 
water. 


Another type of active esters which have already 
proven their worth in the synthesis of peptides, and 
which hold a bright future, are the reactive derivatives 
of o-acylhydroxylamine such as the esters of N-  
hydroxypiperidine introduced by Young (182). The 
coupling through these esters proceeds without any 
significant racemization. This may be attributed to less 
chances for oxazolone formation because of the ability 
of the heterocyclic nitrogen atom to share and then 
accept the proton from the incoming amine. The con- 
densation is accelerated on account of the stability 
through hydrogen bonding of the transition complex 
of the adduct; and further, the leaving group will be a 
tautomer of 1 -hydroxypiperidine rather than the un- 
stable anion (183) (Scheme XXXIII). 
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Closely related to N-hydroxypiperidine esters are the 
oxine esters which also undergo coupling without 
racemization, and their reaction mechanism seems to be 
analogous to 1-piperidyl esters (184). The idea of 
stabilization of the transition complex through hydro- 


gen bonding and therefore limiting the possibility 
of oxazolone formation during coupling has been ex- 
tended in the use of o-hydroxyphenyl esters. Their 
initial success in the synthesis of peptides without any 
racemization (183) will certainly lead to the develop- 
ment of more versatile active esters (Scheme XXXIV). 
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Scheme X X X I V  


Young (185) prepared the acyl amino acid esters of 2- 
hydroxypyridine and of 2-mercaptopyridine (SPyr). 
Esters of the latter (2-pyridylthiolesters) react very 
rapidly and exothermically with amino esters, giving 
high yields of protected peptides. A notable feature of 
these esters (SPyr) is the easy coupling with strongly 
hindered amino acids such as valine, isoleucine, and 
a-aminoisobutyric acid (1 86). 


Active esters can be prepared by the condensation of 
the phenols or corresponding components with N- 
protected amino acids and peptides by a number of 
coupling methods. Most frequently used are the di- 
cyclohexyl carbodiimide and mixed anhydride methods. 
A number of active esters of hydroxyamino acids with 
N-a-NPS and o-tert-butyl protection have been re- 
cently reported (187). These intermediates should be 
quite useful in lengthening the peptide chains. By using 
isopropyl alcohol, Walter et al. (188) were able to 
prepare previously unreported NPS-protected glu- 
tamine and asparagine N-hydroxysuccinimide esters. 
In certain cases, the rate of aminolysis by active esters 
may be accelerated by the use of suitable catalysts such 
as imidazoles and 2-hydroxypyridine. 


During the preparation of active esters, the C-ter- 
minal amino acid residue of the peptide chain may 
undergo racemization; however, with the use of con- 
trolled experimental conditions, this problem can be 
overcome. Formation of the peptide bond is normally 
associated with the partial loss of optical purity of the 
amino acid whose carboxyl is activated. This problem 
may be avoided by lengthening the peptide chains from 
C-terminal residues of amino acids, in which case the 
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activated component would always be a monomer and, 
hence, less prone to oxazolone formation. The proce- 
dure of fragment condensation, with suitable activation 
methods and selection of the fragments in which 
the C-terminal residue is glycine or proline, has 
been very rewarding to limit the degree of racemiza- 
tion during the peptide synthesis. To cite only a few 
examples, glucagon, secretin, and thyrocalcitonin 
were recently synthesized by fragment condensation 
approach. 


Glueagon-The synthesis of the pancreatic hormone, 
glucagon, was achieved by the condensation of five 
fragments (13). A combination of NPS, and tert-butyl 
and benzyloxycarbonyl groups were used throughout 
the synthesis. N-Terminal histidine was used as Na,N- 
(im)-di-adamantyloxycarbonyl histidine and the pep- 
tide bond formation and condensation of the fragments 
was carried out mainly with DCC/HOSu method. 
The following fragments were synthesized and then 
condensed stepwise (Scheme XXXV). 
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(189). The other approach was the stepwise synthesis of 
C-terminal tetradecapeptide, and this was attached 
to  three fragments of the N-terminal half of the molecule, 
using the stepwise condensation approach (12). Benzyl- 
oxycarbonyl and BOC groups were predominantly used 
for amino protection. Serine and arginine residues were 
incorporated as o-benzyl and nitro derivatives respec- 
tively. Both of these protections were removed by 
hydrogenation after each fragment condensation. The 
peptide bonds were generally formed with p-nitro- 
phenyl esters and 2,4-dinitrophenyl esters (for arginine 
and threonine). The fragments were condensed uiu 
the azide method (Scheme XXXVI). 


Thyrocalcitonin-In thyrocalcitonin which is a cal- 
cium-regulating hormone, the C-terminal amino acid 
proline is present in the amide form, and cysteines 
at positions one and seven are joined by a disulfide 
bridge. The synthesis of thyrocalcitonin was achieved 
by stepwise condensation of seven fragments (14). 
Benzyl protection was used for sulfhydral groups and 
the disulfide bridge was formed at the nonapeptide 
stage. Serine residues were incorporated without OH 
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Secretin-The structure of secretin resembles glucagon 
a greal deal. The presence of four arginine residues in 
secretin imparts a strong basic character to  the mole- 
cule. The C-terminal amino acid valine is present in the 
amide form. Synthesis of secretin was accomplished in a 
stepwise manner, starting from C-terminal amino acid 
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protection. BOC protection was predominantly used 
for amino groups and the coupling reactions were 
mainly carried out by azide methods. Di-Z-histidine was 
used for the preparation of the tripeptide I11 and wascon- 
verted to the ditrityl derivative before coupling for the 
formation of the tridecapeptide amide(Scheme XXXVII). 


Peptide Synthesis with the Help of Polymeric Sup- 
port-The isolation and purification of each inter- 
mediate during the building of a peptide chain is of 
utmost importance to limit the extent of racemization 
in the final product. However, the development of newer 
techniques and the modification of conventional 
methods has inspired the synthesis of the peptides 
without the isolation of intermediates. An apparent 
advantage of the approach is the tremendous saving of 
time which is normally required for the stepwise 
purification. Knorre and Shubina (190) have elongated 
the peptide chain at the carboxyl end by coupling an 
aqueous solution of formyl amino acid with an amino 
acid ester by means of water-soluble carbodiimides. 
The reaction mixture upon passing through resin 
columns is freed from reactant and reagents. The 
purified product, thus obtained, is saponified and is 
used directly for the next step in the synthesis. A 
protected hexapeptide was synthesized with less than 
5 %  racemization. Sheehan (191) used a somewhat 
similar approach but extended the peptide chain from 
the amino end. The technique proved quite successful 
for the synthesis of a protected heptapeptide. 


The above two approaches were only the beginning 
of the new ventures into less conventional approaches 
in the synthesis of peptides. In 1963, Merrifield (192) 
proposed an ingenious idea for lengthening the peptide 
chains by providing an insoluble polymeric support 
to the C-terminal residue of amino acids and extending 
the peptide chains by stepwise addition of succeeding 
amino acids. In this approach, which is called solid 
phase method for peptide synthesis, the growing peptide 
chain is at all times during the synthesis firmly bound 
by a covalent linkage to a solid particle and is, therefore, 
completely insoluble in all the reaction solvents. This 
allows separation of the peptide chain from soluble 
starting materials and by-products by filtration and 
thorough washings. Thus the intermediate peptides are 
purified, not by the usual recrystallization procedures, 
but by dissolving away the impurities. This greatly 
simplifies the manipulations and shortens the time re- 
quired for the synthesis of peptides. After the desired 
sequence is assembled, the peptide is removed from the 
solid support. For a supporting solid, a copolymer of 
98% styrene and 2x divinyl benzene in the form of 
small (20-8Op) beads is chloromethylated and the 
product is attached to the N-protected amino acid to  
give a substituted benzyl ester derivative. The amino 
group was originally protected by the benzyloxy- 
carbonyl group but it was replaced by the tert-butyloxy- 
carbonyl group and recently by o-nitrophenylsulfenyl 
group (193). The advantage of the last two groups is 
the easy removal by relatively mild acid conditions 
which minimizes the danger of cleavage of the peptide 
chain from the resin during the synthesis. After de- 
protection of the amino group, the next protected 
amino acid is coupled by DCC or active ester methods 
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in solvents having high dielectric constants, such as 
methylene chloride or dimethylformamide (Scheme 


The selection of benzyl ester linkage can be justified 
on the basis of its stability to  various synthetic reactions 
and easy cleavage by anhydrous hydrogen bromide at 
the end of the synthesis. The reactions outlined in Eq. 
38 constitute one cycle in which a dipeptide is formed. 
However, additional cycles may be carried out in the 
same way, one at a time, until the desired sequence of 
amino acids in the peptide is completed. One of the 
most critical requirements for a successful synthesis, 
using a polymeric support is the quantitative coupling 
reaction. Unless this can be achieved at each step of the 
synthesis, a chain which does not react at one step will 
have a chance to  react at each of the later stages and 
will lead therefore to  undesired peptides with different 
amino acid composition. An excess of activated com- 
ponent, a longer period of reaction time, and the use of 
low cross-linked, high swelling resin generally leads to  
complete coupling. Of course the potential difficulty 
in the final purification after the peptide is removed 
from the resin must be accepted in return for con- 
venience and speed in building up the peptide chain. 
In case DCC is used for activation, the possibilities 
for the loss of excess reagent due to  the formation of 
N-acylurea must be considered. A suitable selection of 
active esters (194) for coupling to resin attached amino 
acids or peptides would eliminate this side reaction, 
and would also permit the incorporation of hydroxy 
amino acids without any protection on hydroxyl 
group. Active ester coupling has been of particular use 
in the case of glutamine or asparagine incorporation 
on account of the dehydration of carboxamide groups 
in the side chains of these amino acids when DCC is 
used. In the case of peptides incorporating aspartyl 
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or glutamyl residues with side chain carboxyl ester- 
ified, transpeptidation normally does not occur under 
the conditions used during synthesis by solid phase 
method. However, the treatment of HBr-trifluoroacetic 
acid, which is used to liberate the peptide from the resin 
support, may lead to the formation of amino succinyl 
derivatives in the case of peptides containing P-benzyl 
aspartyl-seryl residues. The opening of the imide 
derivatives may produce undesirable peptides with 
P-aspartyl linkages. Bumpus has reported the difficul- 
ties encountered during the formation of arginylproline 
bond under the conditions of the solid phase method 
using DCC (195). For the synthesis of peptides where 
the C-terminal amino acid occurs as an amide such as 
in oxytocin, the desired peptides, after the synthesis, 
are cleaved from the resin by ammonolysis in methanol. 
Although this approach has been quite successful with 
smaller peptides, particularly those with glycine as 
C-terminal amino acid, a considerable degree of diffi- 
culty was encountered during the ammonolytic cleavage 
of secretin where the C-terminal valine could not be 
removed from the resin as an amide (196). 


Letsinger and Kornet (197) suggested as a modifica- 
tion to Merrifield’s approach the use of “popcorn 
polymer” of polystyrene with a very low degree of cross- 
linking by divinylbenzene. In addition, the N-terminal 
amino acid was the anchoring group with the resin 
and the chain was extended by stepwise incorporation 
of subsequent amino acids. This approach has not 
gained much popularity mainly because of the possi- 
bility of racemization which is normally associated 
with the lengthening of the peptide chains from the N- 
terminal residues of amino acids (Scheme XXXIX). 


A very interesting idea was proposed by Shemyakin 
(1 98) in which the insoluble cross-linked polystyrene 
was substituted by a soluble polymeric support. This 
offers the apparent advantage of having all reactions 
carried out in solution, thereby eliminating the problem 
of permeability or diffusion. The polymeric support 
was an emulsion polystyrene of average molecular 
weight of 200,000. The coupling of amino acid and 
peptide derivatives of oxymethyl-polystyrene was car- 
ried out with hydroxysuccinimide esters of BOC- 
protected amino acids. This approach may prove to be 
a very effective synthetic tool if certain problems can be 
overcome, such as formation of viscous gum when the 
linear polystyrene is thrown out of solution by pouring 
it into water (Scheme XL). 


One of the main concerns in the solid phase peptide 
synthesis is that the purification of intermediates 
cannot be effected. At about the same time, a new 
approach was suggested from the laboratories of 
Katchalski (199) and Wieland (200). Where in Merri- 
field’s method, it is the peptide which is bound to the 
insoluble carrier and the N-blocked amino acid-acti- 
vated derivative is added while in solution, in the new 
approach a solution of free peptide ester is added to an 
insoluble polymer-supported, N-blocked amino acid- 
active ester. The reaction between peptide ester and 
active amino acid ester can be carried out in the pres- 
ence of a large excess of insoluble active ester, and the 
unreacted reagent (active ester) can be readily removed 
by filtration or centrifugation and washing. The new 
peptide remains in solution and can be suitably purified 
before it is reacted with the next insoluble active ester 
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component. Katchalski proposed a number of insoluble 
polymer-active esters. However, best use was made of 
DCC coupling of N-protected amino acids or peptides 
with a polymer made from 4-hydroxy-3-nitrostyrene 
cross-linked with 4 % divinylbenzene (Scheme XLI). 
Another very interesting feature of this approach is the 
application of these insoluble polymer-active esters in 
the synthesis of cyclic peptides. The use of insoluble 
polymer-active esters attached to peptides limits the 
intermolecular condensation and facilitates intramolec- 
ular aminolysis, thereby avoiding the formation of 
linear polymers; cyclic peptides of high purity are 
isolated in good yields (201) (Scheme XLII). 


Wieland utilized formaldehyde cross-linked p,p'- 
dihydroxydiphenylsulfone as a starting material for 
the synthesis of the corresponding insoluble N-blocked 
amino acid active esters (200) (Scheme XLIII). 
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Y = amino protection X =carboxyl protection 
Scheme XLI 


The synthesis of peptides with polymeric active 
esters was also investigated by Blout (202). BOC-amino 
acid N-hydroxysuccinimide active ester derivatives of 
copoly(ethy1ene-N-hydroxymaleimide) were used as in- 
soluble active ester reagents. For the preparation of 
these esters, copoly (ethylenemaleic anhydride) was 
condensed with hydroxylamine hydrochloride, and the 
resulting N-hydroxy polymer derivative was coupled 
either by mixed anhydride or DCC methods with 
BOC-amino acids (Scheme XLIV). 
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The substitution of activated amino acids in the 
polymers previously mentioned can be varied by appro- 
priate adjustment of the N-protected amino acid : polymer 
molar ratio. Satisfactory results are obtained when 1-2 
mmole of activated amino acid is bound to each gram 
of the resin. 


Weygand (203, 204) investigated the possibilities for 
the coupling of the N-protected peptides with amino 
acids or peptides anchored to polymers. The advantage 
of this approach is the availability of a relatively larger 
number of peptide intermediates, which can be properly 
characterized before incorporation in the peptide 
chain. Dipeptides, N-protected by BOC, were reacted 
with the bromoacetyl derivative of polystyrene; and, 
after the removal of N-protection from the resulting 
dipeptide polymer derivatives, coupling was carried 
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out with N-protected di- or tetrapeptide N-hydroxy- 
succinimide esters. Selective removal of the peptides 
from the polymer was achieved by sodium thiopheno- 
late, and the N-protected peptides so obtained were 
free from racemization (Scheme XLV). 


While the above approach which has also been used 
by Anfinsen (205) is indeed a very useful modification 
in solid phase synthesis of peptides, the proper evalua- 
tion of this will depend on the successful synthesis of 
larger peptides. 


The success of the solid phase method and new ap- 
proaches using various forms of solid supports is 
apparent from the synthesis of a large number of bjo- 
logically active peptides such as bradykinin, oxytocin, 
angiotensin, insulin, efc., and their analogs. However, 
the most frequently used approach is still the one which 
was originally suggested by Merrifield, and in order 
to accelerate the synthesis of peptides, a simple auto- 
mated apparatus has been designed (206). It consists 
of a reaction vessel where the actual synthesis takes 
place and devices which transfer reagents and solvents 
into and out of the vessel. The entire series of events 
is controlled by a programmer which can be arranged 
in advance to direct the various operations of the in- 
strument. The automated process produces a protected 
peptide chain attached to the solid polymer support, 
and after cleavage from the resin and deprotection, the 
peptide is suitably purified. 


It was apparent, from the onset of the introduction 
of the solid-phase method, that the synthesis of larger 
peptides and proteins would become feasible, and this 
was indeed demonstrated by the synthesis of a protein. 
A linear polypeptide of 124 amino acid residues, with 
the sequence of bovine pancreatic ribonuclease A 
(RNase A), was synthesized by Merrifield using 369 
chemical reactions and 11,931 steps of the automated 
peptide synthesis machine without any intermediate 
isolation steps (207). Anhydrous hydrogen fluoride 
was used for the single step cleavage of the peptide 
from resin and simultaneous removal of all protecting 
groups. 


The properties of anhydrous hydrogen fluoride 
(HF) as a reagent for the acidolysis of various protecting 


groups have been studied by Sakakibara (208). Amino 
acids with various protecting groups, particularly the 
nitro group in nitroarginine, tert-butyl group in S-fert- 
butyl cysteine and many other protecting groups can be 
conveniently removed by H F  at  low temperatures in 
the presence of anisole. When carefully handled, H F  
should prove to  be an effective tool for planning the 
strategy in the synthesis of peptides. 


Iselin suggested the use of hydrazine for the cleavage 
of peptides from polymer support (209). Hydrazinolysis 
leaves the N-protection intact, and the cleaved peptide 
is isolated as hydrazide which can be directly coupled 
to  another peptide after conversion into the azide. 
The same approach has been used by Anfinsen for the 
synthesis of water-insoluble N-protected peptide hy- 
drazides which do not contain w-protected aspartic or 
glutamic acid residues or other hydrazine-labile groups 


The possibility of a side reaction during esterification 
of the C-terminal amino acid with chloromethylated 
resin has been reported by Beyerman (211). This side 
reaction probably occurs between the free triethyl- 
amine and chloromethyl groups producing a qua- 
ternary ammonium compound (Scheme XLVI). 


The N-protected C-terminal amino acid may be 
attached to the polymeric support by DCC method, 
if the chloromethylated polymer is first reacted with 
thioglycol and the resulting thioether is oxidized with 
perbenzoic acid. The N-protected peptides attached to  
the modified solid support can be selectively cleaved 
from the resin without affecting the N-protected group 
(212) (Scheme XLVII). 


Solid phase method of peptide synthesis has been 
extended in the synthesis of polymers with different 
sequence and size. Different applications in the syn- 
thesis of oligo-nucleotides have been reported (21 3). 
Oligomers of nylon (214) and polypeptides with an 
ordered sequence of amino acids, such as H(proly1- 
glycyl-glycy1)-OH ( 2  15), and H(proly1-prolyl-glycy1)-OH 
(2 16) have been successfully synthesized with solid 
support. Recently, Rothe (217) reported the syn- 
thesis of different-sized oligomers of epsilon amino 
caproic acid by using dimeric and tetrameric units for 
the chain growth. Coupling of these units with the 
polymer-supported chain was carried out with the aid 
of diester chlorides of phosphorus acid instead of DCC. 


The reverse of the peptide synthesis by solid phase, 
i.e., the degradation of the peptide on a polymeric 
support using the Edmann method, has been suggested 
by two different groups. Stark's (218) procedure in- 
volves attaching the peptide by its N-terminal residue 
to a support of polystyryl isothiocyanate, cyclizing, 
isolating and analyzing the residual peptide, and 
reattaching the peptide to the resin. Repetition of these 


(210). 
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steps leads to the establishment of the sequence of 
amino acid residues in the peptide chain. In the method 
proposed by Laursen (219), the peptide is attached by 
its C-terminal amino acid and the degradation is per- 
formed in the usual manner. The liberated thiazolinone 
is removed in each cycle simply by filtration (Scheme 


A closely related approach, using a combination of 
Edmann degradation on polymeric support and mass- 
spectrometric methods, has been suggested by Weygand 
(220) for the determination of the extent of amino 
acid residues incorporated in the growing peptide 
chains attached to the resin supports. 


Leuch’s Anhydrides-N-Carboxy-a-amino acid an- 
hydrides (Leuch’s anhydrides, NCA’s) have been widely 
used in polymerization reactions (221) in anhydrous 
media for the synthesis of homopeptides and the random 
synthesis of heteropeptides. While the controlled syn- 
thesis of heteropeptides via Leuch‘s anhydrides has been 
attempted by many laboratories, relatively little success 
has been achieved in the use of this method. Bartlett 
(222), on the basis of his studies with NCA’s of various 
amino acids, reported that the reaction cannot be 
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controlled adequately to provide a useful general 
method for peptide synthesis in water. Grant (223) 
proposed the limited use of Leuch’s anhydrides for the 
formation of dipeptides in water at pH 5, particularly 
when the reacting amine is a much weaker base than 
the amine resulting from the synthesis. The real break- 
through in the utilization of NCA’s in peptide synthesis 
came with the development of suitable reaction condi- 
tion by Denkewalter et al. (224). They proposed the 
addition of solid NCA directly to an amino acid at 
0-2”, generally at pH 10.2, with rapid mixing of the 
reactants, thus minimizing side reactions. Rapid mixing, 
in the case of relatively insoluble NCA’s, may enhance 
the rate of dissolution of the NCA thereby reducing 
the possibility for carbamate exchange which leads to 
the formation by overactivation of tripeptides, and also 
to inactivation of the starting amino acids. Overactiva- 
tion of more soluble NCA’s cia their anions is also 
limited by rapid mixing, thus preventing the formation 
of oligomers. Carbamate stability increases with pH, 
but a t  a pH above 10.5, hydrolysis of NCA becomes an 
important side reaction leading to  the formation of 
hydantoic acid, most likely through NCA anion. The 
peptide carbainate is decarboxylated at pH 3-5 to 
produce the free peptide which can be immediately 
extended in length by repetition of the process with a 
new N-carboxyanhydride, or can be first isolated and 
purified before continuing with the synthesis. Race- 
mization was not detected during the synthesis of pep- 
tides via NCA’s; this method, used under careful 
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conditions and in combination with other more 
conventional methods, should prove to be of great 
value in the synthesis of larger peptides (Scheme XLIX). 


The extraordinary rapidity of the NCA method, which 
is particularly useful in the sequential preparation of 
higher peptides without isolation of intermediates, is 
indeed a very interesting feature of this method. An- 
other significant advantage of the NCA method isthat the 
reactions are carried out in aqueous medium and with 
the exception of the r-amino group of lysine and sulf- 
hydryl group of cysteine, polyfunctional amino acids 
used as a nucleophile can be used without any protection 
of the third functionality. NCA’s with the exception 
of those of proline and glycine are quite stable when 
stored at low temperatures with protection from 
moisture. 


Since the thiocarbamate salts proved to  be more 
stable than the corresponding carbamate salts, the use 
of sulfur analogs of NCA’s, the 2,5-thiazolidinediones 
(N-thiocarboxyanhydrides, NTA’s), in the peptide bond 
formation has been suggested (225). NTA’s usually 
give higher yields in the peptide synthesis. The 
optimal pH for their reaction is lower, i.e., 9-9.5. 
Low pH usually favors the desired aminolysis of an 
anhydride over hydrolysis. NTA of glycine does not 
form the isocyanate which is characteristic of glycine 
NCA; therefore, the chances of hydantoic acid forma- 
tion as an undesirable side reaction are eliminated with 
the use of the NTA of glycine. There is another interest- 
ing difference between the NCA and the NTA of un- 
protected histidine. While the NCA of histidine under- 
goes intramolecular imidazole catalyzed isocyanate for- 
mation, this reaction is relatively less favored in the 
case of the NTA of histidine; therefore NTA of his- 
tidine is more suitable for the incorporation of histidine 
in histidyl peptides. 


The tremendous scope of the NCA and NTA methods 
in the synthesis of larger peptides was demonstrated 
by a group of workers at Merck (226) when they applied 
these approaches, in combination with the N-hydroxy- 
succinimide and azide methods, toward the successful 
synthesis of a protein (S-protein) composed of 104 
amino acids. The fragment condensation approach was 
used to attach 19 fragments. About 40% of the bonds 
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in the peptide fragments were formed through the use 
of NCA’s and NTA’s; the remainder with N-hydroxy- 
succinimide active esters. The azide method was used 
throughout for the condensation of fragments which 
contained 6-17 amino acids. The acetamido methyl 
group which is resistant to HF at 0” was used for the 
protection of sulfhydryls of eight cysteines, and acid 
labile BOC-protecting group was employed as a tem- 
porary blocking group of the growing peptide chain. 
All the protecting groups at the end of the synthesis 
were removed by HF still leaving the cysteines protected 
by the acetamido methyl group. After removal of sulf- 
hydryl protections by mercuric acetate, the deprotected 
tetrahectapeptide was oxidized at pH 6.5 in the presence 
of mercaptoethanol to  form four disulfide bridges. 
The resulting S-protein combined with the S-peptide 
to produce the enzyme activity. 


Synthesis of Peptides with the Aid of Synthetic 
Polysaccharide-Wieland (227, 228) has suggested the 
use of cationic benzyl ester derivatives for stepwise 
lengthening of the peptide chains from C-terminal 
residues of amino acids. These derivatives are strongly 
adsorbed on columns of sulfoethyl-(SE)-polysaccharide, 
and can be purified by rinsing of the colored zones 
with methanol. The azoesters of the peptide deriva- 
tivescan be easily removed at the end of the synthesis by 
catalytic hydrogenation (Scheme L). 


Synthesis of Polypeptides-Practically all the meth- 
ods which are used for the stepwise synthesis of oligo- 
peptides have been tried for the synthesis of poly- 
peptides with an ordered sequence of amino acids. 
High molecular-weight polypeptides with known 
repeating sequences of amino acids, especially those 
which are water-soluble and contain polyfunctional 
amino acids, are of special interest. These polypeptides 
would be expected to  resemble proteins more closely 
than those consisting of only difunctional amino acids. 
Polymerization of the selected sequences of amino 
acids in proteins can be of considerable help in the 
conformational studies and also to explore possible 
biological activities. The polymerization with the help 
of active esters such as pentachlorophenyl esters (179) 
has been quite useful and recently, in the author’s 
laboratories, a number of sequential polypeptides in- 
corporating histidine and serine at suitable distances 
have been synthesized via pentachlorophenyl esters. 
These polymers possess a definite pattern of activity 
comparable to  the proteolytic hydrolysis of chymo- 
trypsin. Further studies with polypeptides incorporat- 
ing amino acids around the active site of enzymes are 
under progress and may provide interesting data for 
the catalytic activity of certain enzymes. 


Fox (229) has introduced a rather unconventional 
but extremely interesting approach for the synthesis of 
polymers by thermal condensation. In this type of 
polymerization instead of “prespecified” sequences, the 
polymers obtained are of “predetermined” sequences. 
The thermal method of polymerization would lead to 
the polymers in which reacted a-amino acids are 
largely racemized. For the synthesis of thermal poly- 


Scheme L 1 Sephadex. 
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mers, the best results are obtained when sufficient 
proportions of aspartic acid, glutamic acid, or lysine 
are heated to 170” for 6 hr. with 16 other amino acids 
common to proteins. The molecular weights of these 
polymers are in the range of 4000 to  10,000. Some pro- 
portion of each of the amino acids common to protein 
is found in the polymers synthesized by thermal con- 
densation, and the term “octadecatonic anhydro- 
polymers” has been suggested to designate these poly- 
mers. It is of great interest that when six amino acids, 
that is glutamic acid, glycine, arginine, histidine, 
phenylalanine, and tryptophan which are considered 
as a part of the center of the active site in melanocyte 
stimulating hormone, were subjected to thermal poly- 
merization, the resulting polymer exhibited M S H -  
activity (230). This kind of study may provide a new 
type of approach to  identification of necessary or 
sufficient amino acid residues in active sites of protein 
hormones. 


Cyclic Peptides-Most peptide antibiotics are cyclic 
in character and in contrast to proteins, contain both 
D and L amino acid residues. Certain amino acids 
common to proteins, e.g., arginine, methionine, and 
histidine, occur rarely in peptide antibiotics. The cyclic 
peptide antibiotics include both homodetic and hetero- 
detic structures. The synthesis of homodetic cyclic 
peptides is, in principle, the same as that of linear 
peptides. However, it is essential to work at the right 
dilution to suppress polycondensation as much as 
possible in favor of the formation of the intramolecular 
peptide bond. An interesting phenomenon, “doubling 
reaction,” was reported by Schwyzer (231). If a linear 
cyclizable peptide with an odd number of amino acid 
residues, e.g., a pentapeptide, is subjected to cyclization, 
the corresponding cyclic pentapeptide is not obtained, 
but rather, through dimerization, a cyclic decapeptide is 
obtained. A detailed classification of different types of cy- 
clic peptides and specific synthetic methods for their pre- 
paration have been reviewed in detail during recent years 
(29, 31, 32). 


The Problem of Transpeptidation Reactions-Intra- 
molecular chemical transpeptidation of peptides and 
polypeptides with amino dicarboxylic acid residues has 
been observed in two different cases: (a)  on peptides 
and polypeptides containing aspartyl or glutamyl 
residues in the peptide chains with free w-carboxyl 
group; (b )  on peptides and polypeptides with esterified 
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aspartyl and glutamyl residues under basic conditions. 
The formation of glutarimide derivatives from N-pro- 
tected y-glutamyl dipeptides and subsequent ring 
opening to  yield a-peptides has been reviewed (179). 
In the case of the transpeptidation reactions with 
esterified glutamyl and aspartyl peptides, the imide 
ring formation is a well established base catalyzed 
reaction ; and, to  prevent this type of transpeptidation 
reaction, tert-butyl esters, which can be removed by 
acid treatment, provide a special advantage. 


The formation of cyclic imide was observed as a 
side reaction in the synthesis of peptides containing the 
aspartyl-glycyl sequence when the P-carboxyl group of 
aspartic acid was esterified. The intermediates where 
the 6-carboxyl group of the aspartyl residue is in its 
free unesterified form show no tendency to  undergo 
cyclization either in the acid or alkaline conditions. 
This is perhaps due to the fact that alkoxy groups are 
better leaving groups than hydroxyls, and are therefore 
more easily displaced in the nucleophilic attack of the 
glycine nitrogen (232) (Scheme LI). 


Racemization-Synthesis of biologically active pep- 
tides must proceed without affecting the configuration 
about any of the asymmetric centers of the compo- 
nents. A continuously increasing amount of attention 
is being devoted to the problem of racemization, and 
many laboratories are actively engaged in developing 
new approaches which would limit the degree of 
racemization during the synthesis of peptides. While 
there are many instances where racemization has been 
observed during the introduction or removal of pro- 
tecting groups from amino acids or peptides, the most 
critical aspect, which has received the maximum atten- 
tion, is the possibility of racemization during the 
peptide bond formation. Racemization may occur 
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Scheme LI V 


either because of the formation of oxazolone (azalac- 
tone) intermediates or by the direct proton abstraction 
from the asymmetric alpha carbon. A recent discussion 
by Bodanszky and Ondetti (32) summarizes generally 
accepted beliefs about the loss of optical purity during 
the synthesis of peptides. 


Mechanistic investigations of racemization began 
when it was shown by Young (233) that the reaction 
between benzoyl-L-leucine p-nitrophenyl ester and 
glycine ethyl ester, in the presence of a tertiary base, 
proceeds through the reversible formation, racemiza- 
tion, and coupling of the oxazolone (Scheme LII). 


Independent of the above work, Goodman (234) 
reported the preparation of the optically active crys- 
talline oxazolone from benzoyl-L-phenylalanine. On the 
basis of equilibrium studies of this oxazolone with 
various nucleophiles, it was concluded that during 
the coupling process a small steady state concentration 
of oxazolone can form which racemizes much faster 
than its ring opens. The reason for the racemization-free 
coupling of azide method may be attributed to  the 
inhibition of bond movements (essential for proper 
conformation for oxazolone formation) due to the 
attraction between the negative charge developing 
on the amide oxygen and the positive charge on the 
central nitrogen atom of the azide group (235) (Scheme 


There is a clear dependence of oxazolone formation 
in the presence of base; Kemp (236) recently 
reported kinetic evidence which supports the presence 
of equilibrated amide anions as reactive intermediates 
leading to azalactone formation in the case of peptide 
activated esters. 


Goodman’s group (237) synthesized optically active 
2-( 1 -benzyloxycarbonyl-amino - 1 ’ - methy1)ethyl- 4 - ben- 
zyloxazolone from benzyloxycarbonylaminoisobuty1-L- 
phenylalanine, and reported a number of interesting 
observations about racemization and ring opening 
reactions of this oxazolone with several amino acid 
esters (Scheme LIV). 


Racemization of oxazolones may follow pseudo- 
first-order or second-order kinetics, depending on the 
attacking amino ester and the nature of the solvent. 
Onerof the most important factors which controls the 
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racemization process is the nucleophilicity-basicity 
ratio of the attacking nucleophile. Racemization rate 
can be accelerated by the presence of chlorides or 
phosphates which increase the ionic strength of the 
solution and facilitate the charge separation necessary 
for racemization. The coupling or ring-opening reaction 
is always a second-order reaction which is governed by 
the nucleophilicity of amino components in different 
solvents. The rate at which a reagent opens an oxazolone 
ring is a measure of the reagent’s nucleophilicity, and 
the rate at which a reagent racemizes an oxazolone 
is a measure of reagent’s basicity. Certain 1,2-dinucleo- 
philes such as hydrazine which have high nucleo- 
philicity-basicity ratio open the oxazolone ring without 
racemization (Scheme LV). 


Elegant studies carried out by Young (238) on base- 
catalyzed racemization of various acyldipeptide p -  
nitrophenyl esters have, in fact, established that race- 
mization of many peptide activated species proceeds 
through oxazolone during the coupling reaction (Scheme 


The degree of racemization of peptide product will 
no doubt depend on the relative rates of each reaction. 
For example, coupling of acylpeptides by means of 
DCC can lead to  racemization since this is an excellent 
reagent for the preparation of oxazolones. In the 
coupling reactions which proceed through oxazolone 
formation, the chances of racemization can be limited 
by the use of nonpolar solvents and by proper selection 
of the tertiary base. When an oxazolone is formed from 
the C-terminal residue of a peptide chain, the possi- 
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bility of proton abstraction from the alpha carbon of 
penultimate amino acid residue may lead to its partial 
racemization, due to  rearrangement of the oxazolone 
(239) (Scheme LVII). 


In the case of acetyl and benzoyl amino acids, oxazo- 
lones are formed very readily. This, perhaps, is the 
reason for the racemization in the case of benzoyl and 
formyl-L-leucine p-nitrophenyl esters. The tendency 
toward oxazolone formation decreases from benzoyl 
to acetyl to formyl, and this is indeed paralleled by a 
decrease in racemization during the coupling reactions. 
The oxazolone formation, in the case of urethan- 
protecting groups such as benzyloxycarbonyl-protected 
amino acids, is not favored, and this may be due 
to resonance stabilization due to the polariza- 
tion of the carbonyl bond of benzyloxycarbonyl 
amino acids. The phthalyl-protected amino acids which 
do not undergo oxazolone formation also should be 
safe from racemization. However, racemization in the 
case of activated acyl amino acids such as benzyl- 
oxycarbonyl esters of 0-cyanoalanine, derivatives of 
cysteine, and phthalyl-D-valine, which cannot form 
oxazolones, has been recorded. The mechanism of this 
type of racemization may be postulated mainly as a 
result of excellent studies by Liberek (240). Racemiza- 
tion in these cases most likely occurs by direct exchange 
of hydrogen at the asymmetric center, particularly 
when the activation is strong and when the acyl groups 
and the side chains are powerfully electrophilic. 


It has been observed that N-benzyloxycarbonyl-S- 
benzyl cysteine esters racemize easily in the presence of 
base. This racemization may proceed either by reso- 
nance stabilization of the anion formed by a-hydrogen 
abstraction or by reversible @-elimination of the benzyl 
thiol moiety. The racemization of N-benzyloxycarbonyl- 
S-benzyl-L-cysteine-p-nitrophenyl ester was attributed 
to base-catalyzed reversible 0-elimination of good 
leaving benzyl thiol group (241, 242). However, in a 
recent study using benzyl (35s) thiol, Kovacs et al. 
were able to  demonstrate that racemization in the case 
of p-nitrophenyl, as well as of the pentachlorophenyl 
esters of N-benzyloxycarbonyl-S-benzylcysteine, does 
not follow the @-elimination readdition mechanism 
(243). 


On the basis of conformational studies of the amide 
bond, it has been suggested that oxazolone formation 
is possible only in the case of trans-conformation of the 
amide, since in the case of cis amides, the distance of 
oxygen atom of amide bond and carbon atom in car- 
boxyl group is too far to facilitate the formation of 
oxazolones (244). 


Detection of Racemization-There are several 
methods availabIe for determining the optical purity 
of a peptide once it has been synthesized. However, 
these methods must be distinguished from different 
approaches in which synthetic model peptides are used 
to detect the degree of racemization during peptide 
bond formation. These approaches are based on the 
isolation of enantiomers by employing such techniques 
as countercurrent distribution, fractional crystalliza- 
tion and gas-liquid chromatography (GLC), paper and 
thin-layer chromatography. Most frequently used model 
peptides, in the fractional crystallization method, are 


Young’s benzoyl-L-leucylglycine ethyl ester (245) and 
Anderson’s benzyloxycarbonylglycyl-L-phenylalanylgly- 
cine ethyl ester (246). The formation of D-alloiso- 
leucine from L-isoleucine has been observed by many 
authors, and the amounts of alloisoleucine and leucine 
can be quantitatively determined. This affords a good 
method to  determine the extent of racemization during 
coupling reaction (247). The GLC separation of dia- 
stereoisomeric N-trifluoroacetyl dipeptide esters pro- 
vides a good method for the detection of racemization 
(248); however, it entails a two-step chemical modifica- 
tion of the sample before analysis (replacement of N- 
protecting groups such as benzyloxycarbonyl or tert- 
butyloxycarbonyl by trifluoroacetyl residues). Halpern’s 
findings that tert-butyloxycarbonyl amino acid amides 
can also be separated by GLC (249), and the separa- 
tion of trifluoroacetyl tripeptide esters by Weygand 
by GLC (250) will provide further versatility to  this 
method. Recent work on the preparation of diketo- 
piperazines and their steric analysis by different ana- 
lytical methods (251) may be useful for the determina- 
tion of degree of racemization, particularly of dipep- 
tides which do not yield volatile trifluoroacetyl deriva- 
tives suitable for gas chromatographic analysis. 


A relatively new, though extremely promising ap- 
proach, is the application of nuclear magnetic resonance 
(NMR) spectroscopy for the detection of racemization 
in peptides (252). A series of diastereoisomeric N-  
acylalanylphenylalanine methyl esters and N-acyl- 
phenylalanylalanine methyl esters have been shown to 
possess different NMR spectra. The methyl doublet 
signal in an L-L (or D-D) is at lower field than the 
equivalent signal for the D-L (or L-D) analog. This is 
most probably due to deshielding. The application 
of this property has been extended in determining the 
degree of racemization during the synthesis of a number 
of peptides with different N-acyl-protecting groups. 
The sensitivity of the NMR method was improved by 
the use of I3C-Hsatellite peak of predominant L-L isomer 
as an internal standard (225). 


In many cases, the biological activity of a natural 
peptide depends, to  a large extent, on its optical purity, 
and the comparison of the biological activities of the 
natural and synthetic compounds can be used as a 
reasonable criteria for the optical purity of the synthetic 
compound. However, the exactitude of biological testing 
methods poses a serious limitation to this approach. 
The comparison of optical rotations of synthetic and 
natural peptides is useful to some extent for determining 
the optical purity; however, in the compounds with 
several asymmetric centers, identical values of optical 
rotation do not necessarily imply optical homogeneity. 
The most satisfactory method for the determination of 
steric homogeneity is the enzymatic hydrolysis (253). 
Renal amino peptidase can be used for total hydrolysis, 
and the analysis of the hydrolysate can be performed 
with L or  D amino acid oxidase. The hydrolysis with 
stereo specific enzymes such as leucine amino pep- 
tidase, carboxyl peptidase A and B, trypsin, and chymo- 
trypsin has been successfully used for the determina- 
tion of optical purity. The complete disappearance of 
the original peptide established by electrophoresis or 
paper chromatography is evidence for the optical 


Val. 59, No. I ,  January 1970 0 23 







purity of the peptide bond for which the enzyme is 
selective. Another method for the determination of the 
optical purity of the synthetic peptides is the total 
hydrolysis by acid; the comparison of the hydrolysate 
with a control containing the expected amino acid 
residues treated under the identical conditions, provides 
a guideline for optical purity. A serious drawback of 
the acid hydrolysis is that some free amino acids, when 
exposed to acid, may behave differently from the same 
moieties built in a peptide sequence. 


CONCLUSION 


A proper selection of protecting groups and coupling 
methods is one of the most important tasks during the 
synthesis of larger peptides. Both the classical and 
relatively less conventional methods have their advan- 
tages and disadvantages. It is hard to rationalize the 
scope and usefulness of one particular method without 
considering the utilities and refinements of many other 
techniques which are so important to the successful 
completion of the synthesis of peptides and poly- 
peptides. The considerations must be given to  the 
control of racemization, the maximum yields during 
coupling, and the product purification. 


Wherever possible, the amino component should be 
first liberated and then added to the activated com- 
ponent. In addition to the proper selection of the 
solvents, the choice of hindered amines, such as tri- 
benzylamine or the amines with suitable basicity such as 
N-methylmorpholine, further limit the degree of race- 
mization in the reactions which require the use of a 
tertiary amine. The use of bifunctional catalysts which 
were developed by Beyerman is often helpful in acceler- 
ating the aminolysis of active esters without accelerating 
oxazolone formation. 


The remarkable progress during the past few years 
in the techniques used in peptide synthesis strongly 
confirms that the aims which were once visualized for 
peptide synthesis, are indeed attainable. This has been 
demonstrated by the total synthesis of ribonuclease A. 
Although the synthetic peptide was relatively less active 
when compared with pure natural bovine pancreatic 
ribonuclease A, the complete synthesis of a protein mole- 
cule with true enzyme activity towards its natural sub- 
strate must be considered as one of the landmarks in the 
progress toward the continuous efforts for better under- 
standing of biochemical processes. These present indica- 
tions of the progress and refinement of the techniques 
used in the synthesis of peptides hold excellent promise 
for the future. The synthesis of larger quantities of bio- 
logically active peptides for medicine and the synthesis 
of intricate enzymes and complex proteins appear to be 
only a few steps away. 
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Sterol Metabolism X: 
Epimeric 23-Hydroxycholesterols 


JOHAN E. VAN LIER and LELAND L. SMITH 


Abstract Synthesis of the epimeric 23-hydroxycholesteroIs has 
been achieved by sodium borohydride reduction of 3p-hydroxy- 
cholest-5-en-23-one. Tentative configurational assignments were 
made based on specific rotation data. The configurations of the 
epimeric 24-hydroxycholesteroIs are discussed, and a reconsidera- 
tion of their configurational assignment is suggested. 


Keyphrases 0 23-Hydroxycholesterols, epimeric-synthesis 0 
Absolute configuration-23-hydroxycholesterols, epimeric 0 IR 
spectrophotometry-identification Adsorption chromatography 
-identification 


Although naturally occurring 20-, 22-, 24-, 25 ,  and 26- 
hydroxysterols have been studied extensively, 23- 
hydroxysterols have received relatively little attention. 
23-Hydroxysterols have limited representation in nature 
in the fungal metabolite 23s-hydroxylanosterol (lanosta- 
8,24-dien-3/3,23S-diol)( I), the chiograsterols (2), the 
plant hormone antheridiol (3), and possibly a 23- 
hydroxycholesterol (cholest-5-ene-3P,23-diol) sulfate in 
human infant meconium (4). Other 23-hydroxylated 
steroids include several bile acids (3, the jervine and 
veratramine classes of steroidal alkaloids (6), and a vari- 
ety of triterpenoid compounds (7-18). In view of a con- 
tinuing interest in the autoxidation of cholesterol in the 
side chain (19, 20) and in the occurrence of side-chain- 
oxidized cholesterol derivatives in human tissues (21- 
23), the authors sought to prepare the as yet undescribed 
epimeric 23-hydroxycholesteroIs for record purposes. 


THEORETICAL 


Sodium borohydride reduction of 3j3-hydroxycholest-5-en-23-one 
(24) gave a mixture of epimeric 3P,23-diols separable by chroma- 
tography. Twice the yield of the lower melting, chromatographically 
more mobile, more levorotatory epimer was obtained compared to 
the higher melting, more polar, more dextrorotatory epimer. Al- 
though the epimeric 38,23-diols were resolved from one another by 
adsorption chromatography, they were unresolved on gas chroma- 
tography; their corresponding 3P,23-diacetatesalso werenot resolved. 


The 23-hydroxycholestero1 epimers could be distinguished from 
one another by means of their IR absorption spectra, but except for 
minor differences in ion intensity the epimers were not distinguish- 
able by their mass spectra, either as the free 3@,23-diols or as their 
3/3,23-diacetates. Mass spectra of the 3&23-diols were characterized 
by a strong molecular ion (m/e 402) and by ions at m/e 384 (M-18)+ 
and m/e 369 (M-33)+, representing loss of water and of a methyl 
radical and water, respectively. Mass spectra of the 3&23-&acetates 
exhibited no molecular ion; the highest mass observed, also the base 
peak, was m/e 426 (M-60)+, representing loss of the elements of 
acetic acid. The next highest mass at m/e 366 (M-120)+ corresponds 
to loss oftwo molecules of acetic acid. 


Assignment of absolute configuration to the epimers may be made 
by analogy to arguments advanced in assignment of absolute con- 
figuration to the epimeric 23-lanosterols (25). Since S( +)-4-methyl- 
pent-3-en-2-01 and S(+)-4-methylpentan-2-01 derived therefrom 
have the same absolute configuration and sign of specific rotation 


(26,27), these two secondary alcohols serving as model compounds 
for assignment of the respective 23-hydroxylanosterol and 23-hy- 
droxycholesterol derivatives imply that the more dextrorotatory 
epimers in both sterol series have the same absolute configuration. 
The absolute configuration of 23-hydroxysterols corresponding to  
that of S( +)-4-methyIpentan-2-01 and S( +)-4-methylpent-3-en-2-01 
is the 23/3~-configuration by Plattner's convention (28). The 238~-  
configuration corresponds to the 23s-configuration by the Cahn- 
Ingold-Prelog sequence rule nomenclature for the more dextroro- 
tatory 23-hydroxylanosterol(25). Because of a change in priority of 
the C22-steroid residue relative to the terminal isobutyl group of 23- 
hydroxycholesterol, the more dextrorotatory 23/3~-hydroxycholes- 
terol and the lanost-8-ene-3@,23P~-dio1(25) derived by catalytic 
reduction of 23s-hydroxycholesterol are of the 23R-configuration. 


Other than the as yet undescribed cholest-5-ene-3fl,2l-diol and 
(25S)-cholest-5-ene-3P,26-diol, all possible cholesterol derivatives 
hydroxylated in the side chain have now been prepared and absolute 
configurations assigned. However, previously assigned absolute 
configurations (29, 30) of the epimeric 22-hydroxycholesteroIs have 
been recently reversed, the naturally occurring epimer now being 
termed cholest-5-ene-3@,22/3~(22R)-diol (31-33). Furthermore, it 
appears that revision of the previously accepted absolute configura- 
tions of the epimeric 24-hydroxycholesterols is in order. The prior 
assignment of the 24&(24S)-configuration (29) to the naturally 
occurring, more levorotatory 24-hydroxycholestero1 cerebrosterol 
(cholest-5-ene-3P,24-diol) (34-36) was made in reference to molec- 
ular rotations of model levorotatory n-alkylisopropylcarbinols, in 
the same manner as used by Entwistle and Pratt (25) and by the 
authors with methylisobutenylcarbinol and methylisobutylcarbinol 
for assignment of configuration to the 3&23-diols. The model levo- 
rotatory alkylisopropylcarbinols used for this purpose (29) were er- 
roneously given the S-configuration' which led to a 24&-assignment 
for the levorotatory 24-hydroxycholestero1 epimer. However, when 
proper recognition is made that the levorotatory model compounds 
used for this assignment are of the R-configuration, a revision of 
absolute configuration obtains, and the more levorotatory, naturally 
occurring 24-hydroxycholestero1 cerebrosterol becomes cholest-5- 
ene-3P,24a~-(24R)-diol. 


In view of the revised absolute configurational assignments of the 
22-hydroxycholesterol~ (3 1-33), the presently suggested revised 
absolute configurational assignments of the 24-hydroxycholesteroIs, 
and the absolute configurations of the 23-hydroxycholesterols as- 
signed herein, it is now apparent that the three hydroxycholesterols 
of &configuration: 22@~(22R)-hydroxycholesterol, 23&(23R)- 
hydroxycholesterol, and 24@~(24S)-hydroxycholesterol, are the 
more dextrorotatory of their respective epimeric pairs. This deduc- 
tion follows from recognition that the dextrorotatory enantiomers 
of the appropriate model secondary alcohols S( +)-6-methylheptan- 
2-01 (38), S( +)-4-methylpentan-2-01(26,27), and S( +)-3-methylbu- 
tan-2-01 (29) have the same S-configuration. 


1 Model n-alkylisopropylcarbinol Compounds XXX (p. 1987) of 
Klyne and Stokes (29) used for assignment of absolute configuration to 
the 24-hydroxycholesterol epimers appear to have the S-configuration 
but are stated to be levorotatory, whereas model Compound XXI [S(+)- 
3-methylbutan-2-01] is dextrorotatory and its enantiomeric model Com- 
pound XXII [R(-))-3-methylbutan-2-01] is levorotatory (p. 1986). 
From the printed figures, both Models XXX and XXI have the S- 
configuration, but XXX should have the R-configuration to be levoro- 
tatory (37). This point is repeated by Fieser and Fieser (6 ) .  


2 Prior reports from this laboratory (21-23) have used without re- 
vision the absolute configuration of cerebrosterol as assigned by Klyne 
and Stokes (29) but converted to the Cahn-Ingold-Prelog sequence 
rule nomenclature, thus 24s-hydroxycholesterol (cholest-5-ene-3&24S- 
diol). These prior usages should now be revised. On the same basis the 
more levorotatory epimer of another 24-hydroxysterol epimeric pair 
previously assigned 24@~(24S)-configuration (38) should also be re- 
vised. 
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EXPERIMENTAL3 


3p-Hydroxycholest-5-en-23-one-A solution of 40 mg. of 3p- 
hydroxynorchol-5-en-23-ic acid, m.p. 188-190", i:::. 3300, 2650, 
1680,1270, and 1@40cm.-l, in 5 ml. of dry pyridine-acetic anhydride 
(2: 1) was held overnight at room temperature. The mixture then 
was diluted with 50 ml. of distilled water. The precipitated acetate 
was filtered, washed with water, dried under vacuum (il,". 2650, 
1720,1680,1250, and 1040 cm.-l), and dissolved in 50 ml. of absolute 
diethyl ether. One drop of dry pyridine and 0.7 ml. of thionyl chlo- 
ride were added, and after 3 hr. at room temperature the ether was 
evaporated under vacuum. Crystallization from diethyl ether- 
hexane give 318 mg. of the acid chloride acetate, m.p. 149-154", 
ii::. 1800, 1720, 1250, 1030, and 760 cm.-l [lit. m.p. 155-156" (24)l. 
To 240 mg. of magnesium turnings was added under nitrogen 1.45 g. 
of freshly distilled isobutyl bromide in 30 ml. of absolute diethyl 
ether. The mixture was stirred vigorously until the reaction started, 
and gentle stirring was continued until all magnesium dissolved. 
The Grignard solution was cooled to - 5 "  and 1 g. of cadmium 
chloride was added. After stirring for 10 min., 30 ml. of dry benzene 
was added, and after 15 min. the acid chloride acetate (318 mg.) in 
10 ml. of dry benzene was added. The stirred mixture was allowed 
to come to room temperature and was held overnight. The mixture 
was cooled in an ice bath and the complex destroyed by cautious 
addition of 10 ml. of 2 N sulfuric acid and then 100 ml. of water. 
The reaction mixture was extracted three times with 100-ml. portions 
of diethyl ether; the combined ether extracts were washed with 
sodium bicarbonate solution, with water, and with saturated sodium 
chloride solution, and were dried over anhydrous sodium sulfate. 
The dried solution was evaporated under vacuum, redissolved in 50 
ml. of methanol containing 50 mg. of sodium methoxide, and re- 
fluxed for 45 min. After cooling, 100 ml. of water was added, and 
the mixture was neutralized with 2 N sulfuric acid and extracted 
three times with 100-ml. portions of diethyl ether. The ether extract 
was washed with sodium bicarbonate solution, with water, and with 
saturated sodium chloride solution before drying over anhydrous 
sodium sulfate and evaporated under vacuum. Gas chromato- 
graphic analysis of the product indicated the presence of four compo- 
nents. The reaction products were dissolved in a small amount of 
methylene chloride and chromatographed on a 2.5 X 60-cm. column 
packed with synthetic polysaccharide (Sephadex LH-20) prepared 
with rnethylene chloride. Elution with neat methylene chloride (13.5- 
ml. fractions taken automatically) gave several fractions which were 
analyzed individually by TLC. From Fraction No. 13 there was 
obtained on evaporation of the solvent 145 mg. of the desired 23- 
ketone, m.p. 136-140"[lit. m.p. 141-143"(24)]; $::. 3400,1700, and 
lOSOcm.-'; RC 0.93 in benzeneethylacetate(3 2). 


An unidentified steroidal ketone was recovered from Fraction No. 
14, obtained from the polysaccharide column from which the 23- 
ketone had just been eluted. Evaporation of the methylene chloride 
gave 70 mg. of material; upon recrystallization from hexane-diethyl 
ether, there was obtained 18 mg. of white crystals, m.p. 119-125"; 
izz:. 3520, 3450, 1730,1720, 1060, and 1020 cm.-l; ii:: 3630, 1740, 
1155, 1055 cm.-1; Rc 0.89 in benzene-ethyl acetate (3:2); magenta 
color with 50% sulfuric acid. 


Anal.-Calcd. for G4H3603: C, 77.34; H, 9.74. Found: C, 77.08; 
H, 9.95. 


Cholest-5-eae-3/3,23a&3S)-diol-A solution of 150 mg. of 
3~-hydroxycholest-5-en-23-one dissolved in 20 ml. of methanol was 
treated overnight at room temperature with an excess of sodium 
borohydride. The solvent was evaporated under vacuum and the 
residue was dissolved in 100 ml. of diethyl ether and washed with 2 
N sulfuric acid, with water, with sodium bicarbonate solution, with 
water, and with saturated sodium chloride solution. The ether solu- 
tion was dried over anhydrous sodium sulfate and evaporated under 


~- 


a Melting points were taken on a calibrated Kofler block under micro- 
scopic magnification. Optical rotations were obtained in 1.0 % solutions 
in chloroform using a 2-dm. tube. IR absorption spectra were recorded 
over the range 400&400 cm.-1 with a Perkin-Elmer model 337 spectro- 
photometer equipped with a beam condenser. Adsorption TLC was 
conducted using silica gel HF254 (E. Merck GmbH., Darmstadt, 
Germany) and the solvent system benzeneethyl acetate (3 :Z). Thin- 
layer chromatographic mobilities (Rc)  are expressed in terms of cho- 
lesterol as unit mobility. Gas chromatography was conducted on a 
Hewlett-Packard F and M model 402 gas chromatograph using 3 %  
QF-1 and 3 %  SE-30 columns as described previously in detail (22). 
Retention times ( r T )  are given in terms of cholesterol as unit time. 


vacuum. The solid residue was found by TLC to be a mixture of 
epimeric 23-hydroxycholesteroIs. The mixed epimers were chromato- 
graphed on a 2.5 x 60-cm. column of silica gel prepared and irri- 
gated with hexane-diethyl ether (3 : 1) with 15-ml. fractions being 
collected automatically. TLC examination of each fraction estab- 
lished that the more mobile epimer was present in Fractions 36-46, 
and the more polar epimer in Fractions 48-60. Fractions 4648 con- 
tained both epimers. The mixed fraction was rechromatographed on 
a 20 x 20-cm. chromatoplate of silica gel HFZs4 1 mm. thick, irri- 
gated with benzene-ethyl acetate (3 :2). Recovery of both resolved 
3/3,23-diols from the chromatoplate afforded additional material 
which was added to the appropriate initial fraction. Crystallization 
from hexane-ethyl acetate of the fractions containing the more mo- 
bile epimer gave 91 mg. (67%) of the 3P,23a~(23S)-dioI. Recrystal- 
lization from diisopropyl ether-diethyl ether gave the analytical 
sample, m.p. 136-137"; [a]D -30"; ii:;:. 3400 and 1050 cm.-'; RC 
0.84 in benzene-ethyl acetate (3 :2); blue-purple color with 50% 
sulfuric acid; r T  2.25 (3% QF-I), 1.66 (3% SE-30); massspectrum: 
m/e402(100z), 384(32z); 369(13~) ,351(11~) ,300(14~) ,291 
(1673, 273 (23 %), 255 (17Z), eft. 


Anal.-Calcd. for C27H4602: C, 80.53; H, 11.52. Found: C, 80.25; 
H, 11.82. 


Cholest-5-ene-3~,23aF(23S)-diol 3&23-Diacetate-A solution of 
55  mg. of the more mobile 3P,2301~-diOI in 5 ml. of dry pyridine- 
acetic anhydride (2 : 1) was held overnight at room temperature and 
worked up by precipitation with 10 ml. of water. The diacetate was 
centrifuged down (15 min. at 10,OOO X g) and the supernatant was 
discarded. After washing the derivative several times with distilled 
water, the sample was dried under vacuum and recrystallized from 
methanol, yielding 50 mg. of 38,23S-diacetate, m.p. 143-146 '; 
[a]D -35"; Yz.", 1730,1240, and 1030cm.-l; RC 1.43 in benzene-ethyl 
acetate (3 :2); blue-purple color with 50% sulfuric acid; TT 4.62 (3 
QF-l),2.69(3~SE-30);massspectrum:m/e426(100~',), 366(10%), 
351 (7.573,326(5.7z),282(11z),etc. 


Anal.-Calcd. for C31H6004: C, 76.49; H, 10.36. Found: C, 76.26; 
H, 10.45. 
Cholest-S-ene-3~,23~p(23R)-diol-~rysta~lization from hexane- 


ethyl acetate of the appropriate fractions containing the more polar 
epimer afforded 44 mg. (33 %) of the 3&23@~-diOl. Recrystallization 
from diisopropyl ether-diethyl ether gave the analytical sample, 
m.p. 175-176"; [a]D -22"; P,".":. 3400 and 1050 cm.-l, different from 
the spectrum ofthe 23s-epimer; Rc 0.74; blue-purple color with5Oz 
sulfuric acid; rT 2.25 (3% QF-l), 1.66 (3% SE-30), unseparable by 
gas chromatography from the 23s-epimer; mass spectrum: es- 
sentially the same as for the 23s-epimer. 


Ana/.--Calcd. for C27H4602: C, 80.53; H, 11.52. Found: C, 80.35; 
H, 11.56. 


Cholest -5 - ene-3D,23@~(23R) - dial 3fl,23-DiacetateAcetylation 
of 17 mg. of the 3&23P~-diol in the same manner used for the 38, 
23c~~-diOl gave 11 mg. of the 30,23&diacetate, crystallized from 
methanol, m.p. 111-114"; [aID -9"; fig::, 1730,1240, and 1030cm.-l, 
different from the spectrum of the 23-epimeric diacetate; RC 1.43; 
blue-purple color with 5Oz sulfuric acid; rT 4.62 (3% QF-l), 2.69 
(3 % SE-30), inseparable by gas chromatography from the 23s- 
epimer. 


Anal.-Calcd. for C3&,004: C, 76.49; H, 10.36. Found: C, 
76.74; H,  10.48. 
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New Compounds: Mannich Bases from 
1,2-Diphenylindolizine-N-Substituted 
Cyclohexylaminomethyl Derivatives 


WILLIAM B. HARRELL”, SHAO-WEN KUANG, and CROSSLEY O’DELL 


Abstract 0 Seven new Mannich bases, involving N-substituted 
cyclohexylamines and 1,2-diphenylindolizine, have been synthe- 
sized as potential biologically active compounds. 


Keyphrases 0 Mannich bases-synthesis 0 N-Substituted cyclo- 
hexylamines-synthesis from 1,2-diphenylindolizine 0 1,2-Di- 
phenylindolizine-Mannich base synthesis 


In previously reported work, it has been shown that 
certain Mannich bases derived from indolizines exhib- 
ited CNS-depressant activity (1-3). As part of a con- 
tinuing exploration of indolizines with potential biologi- 
cal activity, a series of Mannich bases involving N-sub- 


stituted cyclohexylamines was synthesized from 1,2- 
diphenylindolizine (4) (Table I). 


EXPERIMENTAL’ 


The appropriate secondary amine (0.045 mole) was combined 
with 30 ml. of 1,4-dioxane and 2.25 ml. of 4Ox aqueous formalde- 
hyde (0.030 mole). The mixture was placed in the refrigerator 
and allowed to stand for 48 hr. To the mixture was then added 
4.1 g. of 1,2-diphenylindolizine (0.015 mole); the resulting clear 
solution was stirred at room temperature for 72 hr., during which 


1 Melting points were taken on a Thomas-Hoover melting-point 
apparatus and are uncorrected. Elemental analyses were obtained from 
Strauss Microanalytical Laboratories, Oxford, England. 
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Drug-Plastic Interactions 11: Sorption of p-Hydroxybenzoic 
Acid Esters by Capran Polyamide and 
In Vitro Biologic Activity 


NAGIN K. PATEL" and NAGAMANI NAGABHUSHAN 


Abstract Sorption of methyl- and propylparaben by capran 
polyamide was determined by means of an equilibrium sorption 
method. Data are presented to show that the antimicrobial activity 
of the parabens for Aspergillus niger, Aerobacter aerogenes, and 
Pseudomonas aeruginosa is diminished in the presence of capran 
polyamide. The in uitro biologic activity of the parabens in the 
presence of the nylon was shown to be related to the concentration 
of "free" or the drug in equilibrium with the plastic. 


Keyphrases 0 p-Hydroxybenzoic acid ester--capran polyamide 
film, sorption 0 Capran polyamide sorption effect-paraben 
antimicrobial activity Antimicrobial activity, parabens4apran 
polyamide sorption effect 


It is generally recognized that the biologic activity of 
the sorbed drug would be reduced in proportion to  the 
amount sorbed (1-3) and a priori observation by 
Autian et al. (4, 5 )  that preservatives such as p-hydroxy- 
benzoic acid esters (parabens) are sorbed by nylon (6 )  
from aqueous solution and hence proportionately 
inactivated, should be justifiable. In contrast, Myers 
and Lefebvre reported that nylon in concentrations up 
to 5 had no adverse effect on the antibacterial activity 
of benzalkonium chloride (7). Adsorption of drugs by 
insoluble fillers has been recognized, and Deutsch et al. 
noted that the biologic activity of a vitamin was reduced 
significantly due to its adsorption on the fillers used in 
capsules and tablets (8). No direct report could be found 
on a correlation of drug-plastic sorption data with in 
uitro antimicrobial activity ofp-hydroxybenzoates. 


This report will show that the antibacterial and anti- 
fungal activity of methyl- and propylparaben is reduced 
due to their sorption by capran polyamide.' A correla- 
tion between the sorption data and in vitro biologic ac- 
tivity will also be presented. 


EXPERIMENTAL 


Materials-Methyl- and propylparaben and the synthetic cul- 
ture medium were the same as employed in a previous communica- 
tion (3). Capran polyamide was washed with 50% aqueous ethanol 
and then rinsed several times with distilled water in order to remove 
surface contaminants. The nylon samples were dried at 65 f 1 "  
for 8 hr. and stored in a desiccator until used. 


Equilibrium Sorption Studies-The experimental technique has 
been described (9) in Part I. An accurately weighed sample of capran 
polyamide [about 1.2 g.; one 10.2 X 15.2-cm. (4 X 6-in.) 
sheet] was placed in 150-ml. bottles,2 each containing 90 ml. of 
varying concentrations of the paraben under study. The bottles were 
closed tightly using plastic (Bakelite) screw caps lined with thin 
polyethylene3 film. Preliminary studies showed that under experi- 


1 Nylon 6 film with labeled thickness of 0.0013 cm. (0.0005 in.), lot 
GH01077- 1-2, supplied through the courtesy of Allied Chemical 
Corp., Morristown, N. J. 


2 Milk dilution bottles, Fisher Scientific Co., Inc. 
Canadian Industries Ltd. 
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Figure 1-Sorption of methylparaben by capran polyamide at 30°, 
showing the total methylparaben concentration in the system as a 
funciion of equilibrium or free meihylparaben concentration. Key: 
0,  in culture medium; A, in distilled water. 


mental conditions there was no sorption of the parabens by the 
polyethylene. The bottles were agitated in a general-purpose shaking 
bath.4 The drug content at equilibrium was determined spectro- 
photometrically (5) .  The decrease in concentration of the drug in 
solution was a measure of sorption, and the equilibrium was estab- 
lished at  the end of 24 hr. agitation. 


Microbiological Studies-The general procedure consisted of 
equilibrating varying concentrations of a paraben in culture medium 
with a known weight of capran polyamide and determining the 
inhibitory concentration for one of the organisms. A simple, chemi- 
cally defined synthetic culture medium as described earlier (3) was 
used with the exception that 2 z  dextrose was employed in the place 
of 5 % dextrose. Preliminary experimentation showed that the mag- 
nitude of growth of A .  niger (lo), A .  aerogenes (lo), and Ps. aeru- 
ginosa5 in the culture medium containing 5 z dextrose was about 
the same as in that containing 2% dextrose. This work also indicated 
that dextrose, lactose, or sucrose at 2% concentrati.on supported the 
growth of the above organisms equally well. It was noticed that the 
lower concentration of sugar was less apt to caramelize at autoclav- 
ing temperature. Sterile distilled water was used to prepare all the 
solutions for microbiological work. 


The nylon samples of a definite weight (0.600 g. methylparaben 
or 0.100 g. propylparaben) were placed in the bottles, each contain- 
ing 45 ml. of varying known concentrations of the drug. A series of 


4 Lab-line Instruments Inc. 
5 Mac-264. The stock culture was grown on slants of nutrient agar 


and it was supplied by Dr. D. W. Westlake of the Department of Mi- 
crobiology. 
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Figure 2-Sorption of propylparaben by capran polyamide at 30", 
showing the total propylparaben concentration in the system as a 
function of equilibrium or free methylparaben concentration. Key: @, 
in culture medium; A, in distilled water. 


FREE PROPYLPARABEN (g./lOO ml. X 102) 


concentrations of the parabens was prepared in the media, differing 
by 0.05%. In this manner a paraben solution was prepared contain- 
ing total paraben as predicted by the procedure described under 
Results and Discussion. Four additional concentrations of the agent 
were prepared, two of which were lower than the computed value 
and the other two higher. These solutions were prepared in dupli- 
cate. The bottles were closed loosely with plastic caps and sterilized 
by autoclaving at 15 Ib. pressure for 15 min. 


The bottles were allowed to attain room temperature in an aseptic 
area. They were closed tightly and equilibrated by agitation in a 
water bath at 30" for about 24 hr. 


Methyl- and propylparaben were apparently stable under experi- 
mental conditions (3). The sorption capacities of the autoclaved and 
unautoclaved samples of the capran polyamide were the same. 


Each of the above bottles was then inoculated with two loopsful 
of either a spore suspension of the fungus or 48-hr. cultured suspen- 
sion (3) of the bacteria. In order to  maintain a constant concentra- 
tion of bacteria, the optical density of the bacterial suspension was 
kept to a value of 0.50 by diluting the contents with sterile medium if 
necessary. The bottles were incubated at 30" and observed visually 
for growth in the form of mycelial hyphae in the case of A.  niger 
and turbidity in the cases of A.  aerogenes and Ps. aeruginosa. 


RESULTS AND DISCUSSION 


Sorption of Parabens by Capran Polyamide-The sorption of 
parabens by nylons has been reported in the literature (4-6). Sorp- 
tion of methyl- and propylparaben is shown in Figs. 1 and 2, and it 
is included here for correlation with antimicrobial activity. Similar 
sorption data have been reported, based on the undergraduate 
physical pharmacy experimentation (10). Additional results are 
plotted in Figs. 1-3, showing that there is a fairly good correlation 
between sorption and microbiological data. The data of Figs. 1 and 
2 also illustrate that the sorption of methyl- and propylparaben by 
capran polyamide in the media of distilled water and synthetic cul- 
ture is essentially the same. The data are plotted to  show that total 
(sorbed + free) paraben concentration was a function of equilibrium 
or free paraben concentration. This type of plot is useful for predict- 
ing the biologic activity of the drug in the presence of the nylon as 
explained in the following section. 
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Figure 3-Comparison of predicted and experimental minimum 
inhibitory concentrations (M.1 .c . '~ )  of parabens in the presence of 
capran polyamide. The concentrations of the plastic were 1.33 and 
0.222 % for methyl- and propylparaben, respectively. Key: A, M.I.C. 
in absence of capran polyamide; B, experimental M.I.C. in presence 
of capran polyamide; and C, predicted (from Figs. I and 2) M.I.C. in 
presence of the plastic. 


Method of Prediction of Microbiological Action-If the biologic 
activity of a paraben can be assumed to be due to equilibrium or free 
drug in the presence of capran polyamide, and if the minimum 
inhibitory concentration (M.I.C.) of the paraben in the absence of 
the plastic is known, then the plots as depicted in Figs. 1 and 2 can 
be used to predict the total concentration of the drug required for 
the desired antimicrobial activity. (This assumption supports the 
theory that the paraben sorbed by capran polyamide is biologically 
unavailable.) For any desired free concentration, one can obtain the 
total concentration of the paraben from the ordinates of Figs. 1 and 
2. The terms free concentration and M.I.C. in the absence of capran 
polyamide are assumed to be synonymous for the purpose of pre- 
diction. 


Inactivation by Capran Polyamide Related to Sorption-The 
M.I.C.3 of the parabens in the culture medium in the absence of 
capran polyamide are as follows: methylparaben, 0.065% for A. 
niger, 0.10% for A.  aerogenes, and 0.13% for Ps. aeruginosa; 
propylparaben, 0.020% for A. niger, and 0.034 % for A.  aerogenes. 
Propylparaben was ineffective in preventing the growth of Ps. 
aeruginosa in a concentration of 0.048%. Based on these M.I.C. 
values, the inhibitory paraben concentrations in the presence of 
definite weights of capran polyamide were predicted from Figs. 1 and 
2. These predicted values together with experimental inhibitory 
concentrations in the presence of capran polyamide are portrayed 
in Fig. 3. It is to be noted that the predicted value (0.052%) of 
propylparaben for A.  aerogenes exceeds solubility; therefore, it was 
not possible to conduct a growth study using this organism in the 
presence of capran polyamide. 


As illustrated in Figs. 1 and 2 the components of the culture med- 
ium do not compete for sorption. Thus, any reduction in the bio- 
logic activity of the paraben in the presence of the capran polyamide 
can be attributed to the sorption. Figure 3 demonstrates that there is 
a good correlation between predicted M.I.C. and experimental 
antifungal and antibacterial concentrations for the parabens. It is 
therefore concluded that the plastic-sorbed paraben is devoid of in 
vitro biologic activity. 
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Polyamide-Silica Gel Layer Chromatography of Yellow Food Dyes 


HUNG-CHEH CHIANG and CHWAN-HWAI CHEN 


Abstract 0 The separation of five yellow food dyes and three toxic 
yellow dyes by mixed polyamide-silica gel thin-layer is described. 
The method shows good separation and sharp spots. For compari- 
son, the thin-layer chromatography (TLC) on only polyamide and 
on only kieselguhr is alsocarried out. 


Keyphrases 0 Yellow dyes-analysis [7 Dyes, yellow-separation, 
identification [7 Polyamide-silica gel chromatography-analysis 


The separation of synthetic food dyes on a thin-layer 
of cellulose ( l ) ,  silica gel (2) ,  aluminum oxide (3), 
starch (4), polyamide (9, and paper chromatography 
(6) has been reported, but none of these techniques 
gave entirely satisfactory results. Recently, the separa- 
tion of 1 1 red food dyes on polyamide (12 %)-silica gel 
G (88 %) mixed thin-layers has been successfully 
applied by Chiang (7). Therefore, further application 
of this method was tried. In  this note, the separation of 
five yellow food dyes and three toxic yellow dyes 
(auramine, rnetanil yellow, and picric acid) by mixed 
polyamide-silica gel TLC is described. For comparison, 
the TLC of only polyamide and of only silica gel is 
also reported. 


EXPERIMENTAL 


Material-The solvents and chemicals are the reagent grade of 
Wako Pure Chemical Industries, Ltd., Osaka, Japan. 


Preparation of Polyamide-Silica Gel Mixed Layer-Eight grams 
of polyamide chip (Nylon 6,' type 1022B of UBE Industrial Ltd., 
Osaka, Japan) was dissolved in 80 ml. of 90% formic acid, and 
then 20 ml. of distilled water was added. After gentle warming 
(below 40") and stirring, a homogeneous solution was obtained; 
this was cooled to the room temperature and 52 g. of silica gel 
G (E. Merck) was added. Two hundred milliliters of the above- 
mentioned solution was poured into a dish (14.5 X 19.5 X 2.5 
cm.) and a glass plate (12 X 14 X 0.1 cm.) was dipped into it. 
Both sides of the glass were covered homogeneously. The glass was 


1 U. S. manufacturer: American Enka Corp. 
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Table I-Chromatographic Data 


-Solvent la- --Solvent IIb- 
No. Dyes P-sc S d  Pe P-s s P 


~~~~~~~~ 


1 NaphtholyellowS 0.48 (0.95, 0.371) O . l O ( 0 . 7 4 , ~  0.02) 
2 Yellow AB 0.14 (0.62, 0.22) 0.74 (0.97, 0.48) 
3 Yellow OB 0.10 (0.52, 0.22) 0.72 (0.97, 0.45) 
4 Tartrazine 0.63(0.98, 0.85) 0.01 (0.37,fO.Ol) 
5 Sunset yellow 0.56(0.98, 0.66) 0.14(0.56,10.08) 


6 Metanil yellow 0.28 (0.80, 0.14) 0.47 (0.83, 0.23) 
7 Auramine 0.37 (0.71, 0.36) 0.62 (0.71, 0.89) 
8 Picric acid 0.40 (0.97, 0.22) 0.53 (0.84, 0.22) 
Time required,r (min.) 50 30 200 90 70 600 


FCF 


Solvent I : methanol-23 % ammonium chloride solution-chloroform 
(30 :20: 1.3). b Solvent 11: isobutanol-ethanol-0.45 sodium chloride 
solution (3 : 5  : 1). c P-S, R j  value onpolyamiae-silica gel mixed 1ayer.d S ,  
on silica gel layer. e P, on polyamide layer. f Tailing. Q Time required to 
ascend 10 cm. from origin. 


placed over the dish for 2 min. to let the excess solution drain back. 
It was then air dried for 3 hr. and heated at 100" for 30 min. 


Preparation of Polyamide Layer-Twenty grams of polyamide 
was dissolved; then the procedure as described in the previous 
method, but without adding silica gel G,  was followed. 


Preparation of Silica Gel Layer-Dilute slurries of silica gel G 
(45 g. in 100 ml. of water) were sprayed at 2 k g . / ~ m . ~  pressure from a 
distance of 20 cm. onto eight sheets of glass plates (12 X 14 cm.) 
in a horizontal position, then dried at 100" for 30 min. The thickness 
of the layers was about 250 p. 


alcoholic 
solution of yellow AB, yellow OB, and auramine, and 0.3 2 water 
solution of other dyes was applied to the start line 1.5 cni. from 
the bottom of the layer, and the plate was developed by ascending 
techniques. The chamber had been equilibrated with the respective 
solvent for 30 min. before use. 


Chromatographic Procedure-One microliter of 0.3 


RESULTS AND DISCUSSION 


R,  values obtained with two solvent systems are given in Table 1. 
It has been found that the results obtained by the mixed poly- 
amide-silica gel layers show better separation and sharper spots 
than that obtained by polyamide and silica gel layers. Also the time 
required to ascend 10 cm. from origin for the mixed layers is shorter 
than that for the polyamide layers. Separation mechanism on the 
mixed layers is based on the formation of hydrogen bonds between 








Release Study of Sulfaethylthiadiazole (SETD) from a 
Tablet Dosage Form Prepared from Spray-Congealed 
Formulations of SETD and Wax 


IMTIAZ S. HAMID and CHARLES H. BECKER* 


Abstract 0 In vitro dissolution patterns of some spray-congealed 
products of sulfaethylthiadiazole-wax made into compressed tablets 
are reported. The tablets were made with a Carver laboratory press, 
employing a single force of compression and being approximately the 
same weight. The rate of release of sulfaethylthiadiazole (SETD) 
from the tablets was evaluated in acid pepsin medium and alkaline 
pancreatin medium using a rotating-bottle method, There was a 
gradual decrease in the amount of SETD released from the tablets 
as the concentration of sorbitan monooleate increased in the form- 
ulation, using acid pepsin medium. In alkaline pancreatin medium, 
an increase in the percentage of SETD released was noted as the 
concentration of surfactant increased. The mechanism of release of 
SETD appeared to be due to erosion, solubilization, and leaching 
of the drug from the tablet. The Higuchi model for drug release 
from inert matrices could describe the release pattern only for the 
initial few hours when apparently the variables other than the 
amount of drug released and time were essentially constant. 


Keyphrases 0 Sulfaethylthiadiazole-wax tablets4rug release 0 
Spray-congealed formulations-SETD-wax compressed tablets 0 
Dissolution, in vitro-SETD-wax compressed tablets 0 Surfactant 
effect-SETD release, tablets 0 Wax matrix effect-SETD 
release, tablets 


The purpose of this investigation was to study in 
~ i t r o  the dissolution patterns of some spray-congealed 
sulfaethylthiadiazole-wax products made into com- 
pressed tablets. The spray-congealed products, in 
powder form, were prepared in this laboratory by 
John and Becker (I), and the dissolution patterns of the 
various powdered products were reported. Other 
workers (2-4) studied release patterns of tablet formula- 
tions which were simply made by mixing the active drug 
with inert matrices and compressing the materials into 
tablets. 


Inasmuch as the release patterns of sulfaethylthiadia- 
zole (SETD) from the spray-congealed drug-wax prod- 
ucts, in powder form, were known in this study, with 
and without surfactant, it would be of value to  know 
the release pattern of the drug from the same products 
when compressed into tablet form. Such factors as force 
of compression, possible fusion of the material on com- 
pression, and degree of disintegration or erosion (or 
both) of the tablets during dissolution should have de- 
cided effects on the release pattern of the drug. Other 
investigators (2-4) have reported dissolution patterns of 
drug from inert matrices in tablet form, but they did 
not report the release patterns of the drug imbedded in 
the matrices in the powder form. 


EXPERIMENTAL. 


MaterialsThe spray-congealed SETD-wax products, in powder 
form, used to make the tablets in this study were prepared and 
reported by John and Becker (1). All other materials employed 
conformed to USP or NF specifications or were of analytical 
reagent quality. 


White wax, a synthetic waxlike ester,' and a combination of 
equal parts of these waxes were employed in the formulations of 
John and Becker (1) as matrices, and these are designated as Wl,  
WZ, and WS, respectively. The surfactant, sorbitan monooleate,* 
was used in some of the formulations in concentrations of 0, 1, 4, 
and lo%, and these are designated as SO, SI, S4, and So, respec- 
tively. The tablets were made from three finenesses of spray-con- 
gealed powders, since these were atomized with three different 
nozzle sizes, namely, 0.05, 0.10, and 0.15. cm., and these are des- 
ignated as Nz, N4, and Ns, respectively. 


Manufacture of Tablets-There were no additives incorporated in 
the tablets which were made with a Carver laboratory press. Ac- 
curately weighed, 0.5000 g. of the spray-congealed powder was put 
into the die. The die and the punches, 1.27 cm. in diameter, were 
previously lubricated with a small amount of talc to avoid sticking 
of the tablet to the punches. The 4OOO-p.s.i. gauge pressure was 
maintained for 1 min. All tablets were accurately weighed after 
compression, and they did not vary by more than 10 mg. It could be 
assumed that the surface area was essentially the same for a par- 
ticular wax product made into tablets. 
Assay Method-The SETD released was assayed by the Bratton- 


Marshall (5 )  procedure using a Klett-Summerson photoelectric 
colorimeter with a No. 54 filter. 
In Vitro Dissolution Studies-The rotating-bottle apparatus (6) 


was used to determine the dissolution behavior of the SETD from 
the tablets. Tablets weighing approximately 0.5000 g., accurately 
weighed, were put in 90-ml. screw-capped bottles, and to each 
bottle 60 ml. of acid pepsin medium (simulated gastric fluid USP, 
pH 1.1) was added. Duplicate samples were allowed to rotate end- 
over-end at a speed of 40 to 45 r.p.m. in a water bath maintained 
at 37 f 1 '. Samples were removed at specific time intervals, i.e., at 
0.25, 0.5, 1, 1.5, 2, 4, and 8 hr. Dissolution studies were also con- 
ducted in an alkaline pancreatin medium, test fluid B, pH 8.3, of 
Robinson and Swintosky (7), in a similar manner. Samples were 
removed for assay at 0.5,1,1.5,2,4,8, and 12 hr. 


Samples were also run for extended periods of time, i.e., 24 and 
48 hr., although equilibrium was not attained in acid pepsin medium 
or alkaline pancreatin medium. 


RESULTS AND DISCUSSION 


Spray-congealed products with white wax as the matrix were very 
tacky powders. The tackiness increased as the concentration of 
sorbitan monooleate in the formulations was increased, causing 
difficulty in transferring these powders into the die. The punches 
and the die had to be polished with a lubricant, talc, in order to ob- 
tain smooth and uniform tablets. 


Spray-congealed products containing a combination of white wax 
and the synthetic waxlike ester in a 1 to 1 ratio were free flowing 
powders, but the ones with a higher concentration of the surfactant, 
sorbitan monooleate, were not free flowing. However, the tablets 
were easier to make from these products than those containing 
white wax alone as the matrix. In all of these instances, the punches 
and die had to be polished with talc to obtain smooth tablets. 


All of the spray-congealed products containing the synthetic 
waxlike ester alone as the matrix, including the product having as 
high as 10% sorbitan monooleate, were free-flowing powders. 
However, the ones without surfactant could not be compressed 
into tablets at 4000-p.s.i. gauge pressure. This appeared to be due 


1 Marketed as Glycowax S-932 by Glyco Chemicals, Inc., New York, 


2 Marketed as Span 80 by Atlas Chemical Industries, Inc., Wilming- 
N. Y .  


ton, Del. 
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Table I-Zn Yilro Dissolution Data Expressed as Percent SETD Released for SETD-White Wax Tablets and Powder Containing 
Sorbitan Monooleate and Atomized through a 0.15-cm. Pneumatic Nozzle 


Time, Sample Symbol WIN6SO Sample Symbol Wdv6S4 Sample Symbol W I N S S O  
hr . Tablet Powder Tablet Powder Tablet Powder 


0.25 
0.50 
1 .OO 
1.50 
2.00 
4.00 
8.00 


24.00 
48.00 


0.50 
1 .OO 
1.50 
2.00 
4.00 
6.00 
8.00 


12.00 
24.00 
48.00 


0.28 
0.35 
0.44 
0.49 
0.56 
0.67 
0.73 


1.34 


1.60 
2.15 
4.03 
7.00 


12.60 
22.50 
31.40 
50.80 


86.50 


- 


- 


Dissolution in Acid Pepsin Medium 
8.00 
9.76 


11.43 


0.32 10.05 
0.33 16.91 
0.39 28.79 


- 0.49 33.36 
15.08 0.51 37.11 
- 0.64 - 
- 0.60 - 


42.50 1.53 50.16 


Dissolution in Alkaline Pancreatin Medium 
38.16 3.41 74.04 
53.47 4.37 80.44 
- 9.42 - 


- - - 


74.79 11.59 83.18 
90.27 21.31 85.50 
90.72 33.25 87.29 
- 34.99 - 
- 56.54 - 
- 91 .OO 92.32 


- - 94.15 


0.25 
0. 2 
0.37 
0.43 
0.48 
0.78 
0.78 
1.73 
- 


3.74 
6.48 


11.70 
14.08 
25.61 
39.50 
43.78 
64.02 


97.52 
- 


3.66 
7.77 


11.43 
14.63 
16.00 


47.53 


- 
- 


- 


65.81 
74.73 


87.75 
89.81 


95.52 


- 


- 


- 
- 


96.89 


to the friability of the finished tablet, as well as adherence or sticking 
of the tablet to the punch surface. The products with surfactant, 
on the other hand, could be compressed into tablets easily. 


TablesI,TT,and I11 give the dissolution data in acid pepsin medium 
and alkaline pancreatin medium from tablets with matrices of 
white wax ( W ] ) ,  synthetic waxlike ester (Wg) ,  and a combination 
of equal parts of these waxes ( W,) and varying concentrations of 
sorbitan monooleate. The tables also include dissolution data from 
Ihe powder forms of the same formulations, reported earlier (l), for 
comparison. 


Effect of Sorbitan Monooleate-There was an increase in the 
amount of SETD released with time from all tablets, with and 
without surfactant, in acid pepsin medium. However, there was a 
decrease in the rate of release of SETD from the tablets in acid 
pepsin medium as the concentration of surfactant in the tablets 
increased, particularly over the early dissolution testing periods, 
that is, from 0.25 to 4 hr. In most cases of powder forms of the 
same products (1) and for the same time period, there was an 
increase in the rate of release of SETD as the concentration level of 
sorbitan monooleate increased from 0 to 4 2 ,  but the rate of release 
decreased with the level of surfactant concentration at 10%. The 
magnitude of release of SETD was anywhere from 25 to 100 times 


less in tablet dosage form than in powder form. The decrease in 
the percent release of SETD from the tablets, as the concentration of 
sorbitan monooleate was increased, could be due to more cohesive- 
ness of the products which increased as the concentration of sur- 
factant was increased in the formulations. This can cause agglomera- 
tion of particles, which in turn can result in less surface area ex- 
posed to the dissolution medium. In addition, there could have 
been some fusion of particles under the compressional force used in 
tableting which could result in less porosity and more compactness 
of particles, thereby decreasing the release of SETD. Although 
sorbitan monooleate lowers surface tension and should theoretically 
increase the release of drug from a tablet, the surfactant apparently 
is not effective in an acid medium of low pH such as acid pepsin 
medium, nor is it as effective with tablets which are excessively 
compact. 


An increase in the percentage of SETD released from tablets with 
time was noted in alkaline pancreatin medium, as the concentration 
of surfactant was increased in all the formulations of different 
waxes. This was also true for the same products in the powder form, 
except the percentage of release was of a larger magnitude (1). The 
release of SETD from white wax was anywhere from 35 to 60 
times greater in powder form than that in tablet dosage form. The 


Table 11-Zn Vitro Dissolution Data Expressed as Percent SETD Released for SETD-Synthetic Waxlike Ester Tablets and 
Powder Containing Sorbitan Monooleate and Atomized through a 0.15-cm. Pneumatic Nozzle 


Time, Sample Symbol W2N6SO Sample Symbol W&6& Sample Symbol W~N~SIO 
hr. Tablet Powder Tablet Powder Tablet Powder 


0.25 
0.50 
1 .OO 
1.50 
2.00 
4.00 
8.00 


24.00 
48.00 


0.50 
1 .oo 
1.50 
2.00 
4.00 
6.00 
8.00 


12.00 
48.00 


0.75 
1.01 
1.60 
2.63 
2.98 
4.45 
4.05 


6.68 
- 


2.70 
3.20 
3.80 
4.40 
6.00 
7.80 
9.50 
9.57 


18.22 


Dissolution in Acid Pepsin Medium 
11.88 0.70 22.62 
24.68 1.17 32.22 
34.96 1.46 40.68 
39.76 2.09 43.42 
45.48 2.78 45.93 
- 3.34 - 
- 4.35 - 


59.87 - 
- 6.91 66.39 


Dissolution in Alkaline Pancreatin Medium 
30.00 2.42 69.70 
45.25 2.59 80.40 
- 4 . 0  - 


- 


48.67 
53.70 
65.36 


.. .. 


4.88 85.01 
6.70 90.95 
7.09 95.06 


- 9.72 - 
- 12.89 - 


97.81 20.79 97.35 


0.41 
0.55 
1 .OO 
1.30 
1.58 
3.17 
3.65 
- 
8.14 


2.85 
4.45 
6.21 
7.64 
9.76 


12.46 
19.09 
22.14 
46.67 


9.37 
13.71 
24.45 
30.62 
34.73 


- 
61.82 
63.07 


56.44 
65.36 


76.78 
92.32 
94.61 


- 


- 
- 


96.89 
~ ~ ~ ~~ 
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Table 111-Zn Vitro Dissolution Data Expressed as Percent SETD Released for SETD-Synthetic Waxlike Ester-White Wax (1 :1) 
Tablets and Powder Containing Sorbitan Monooleate and Atomized through a 0.15-cm. Pneumatic Nozzle 


Time, Sample Symbol W3N6S0 Sample Symbol W3N& Sample Symbol W3N& 
hr. Tablet Powder Tablet Powder Tablet Powder 


0.25 
0.50 
1 .OO 
1.50 
2.00 
4.00 
8.00 


24.00 
48.00 


0.50 
1.00 
1.50 
2.00 
4.00 
6.00 
8.00 


12.00 
48.00 


0.40 
0.48 
0.60 
0.64 
0.67 
0.88 
1 . 1 5  


2.51 


2.15 
2.19 
3.01 
4.00 
8.60 


14.88 
17.99 
33.99 
76.50 


- 


Dissolution in Acid Pepsin Medium 
18.74 0.34 8.23 
24.68 0.45 14.63 
- 0.50 19.65 


33.36 0.61 20.57 
33.59 0.64 21.94 


- - 0.87 
- 1.25 - 


54.04 4.07 - 


Dissolution in Alkaline Pancreatin Medium 


- 34.39 - 


38.19 
58.27 


1.99 
3.26 


31.54 
46.39 
- - 5.61 


58.73 8.10 56.67 
82.27 13.52 69.24 
82.50 17.88 74.73 
- 23.68 - 
- 37.63 - 


96.89 62.32 95.98 


0.27 
0.31 
0.45 
0.50 
0.57 
0.79 
1.55 


6.83 


3.50 
5.16 
8.30 
9.89 


15.50 
20.00 
29.00 
30.31 
70.99 


- 


5.71 
9.37 


12.57 
16.00 
18.97 - 
- 


36.57 
- 


55.30 
68.78 


78.38 
86.61 
90.27 


- 


- 
- 


95.06 


increase in percent of SETD release in both tablet and powder forms 
may be due, partially, to surface tension lowering effect of sorbitan 
monooleate on the dissolution medium. Sorbitan monooleate 
probably enhances the action of alkaline pancreatin medium to 
accelerate softening and erosion of the wax-matrix tablets which 
did occur. It should be pointed out, also, that alkaline pancreatin 
medium contains ox bile extract which is a surfactant due to the 
presence of bile salts; this, combined with sorbitan monooleate, 
could have been more effective than either surfactant used alone. 


Effect of Wax Matrix-Those tablets which could be made from 
formulations of spray-congealed SETD-synthetic waxlike ester 
powders gave the highest drug release of the three matrices in- 
vestigated in an 8-hr. dissolution study in acid pepsin medium. 
Tablets with white wax alone as the matrix gave the lowest drug 
release. A combination of synthetic waxlike ester and white wax 
in a 1 to 1 proportion as the matrix ranged between the two above 
matrices in regard to release of SETD. This was true with and with- 
out surfactant. This effect may be due to the chemical composition 
of the two waxes. The synthetic waxlike ester contains a high per- 
centage of glyceryl tristearate but no free fatty acids. The ester 
might have been hydrolyzed sufficiently in the acid pepsin medium 
to account for the highest percentage of SETD released of the three 
matrices studied On the other hand, white wax, not a glyceryl 
ester and not as easily hydrolyzed by acids, contains free fatty acids 
which are practically insoluble in the acid pepsin medium, hence 
showing the lowest drug release from this matrix. The products in 
powder form were also observed to possess similar characteristics 
(1). 


As compared to the acid pepsin medium dissolution study, the 
percent of SETD released from tablets was found to be the highest 
from the white wax matrix in alkaline pancreatin medium over a 
12-hr. period. Tablets with the synthetic waxlike ester alone as the 
matrix gave the lowest drug release. A combination of the syn- 
thetic waxlike ester and white wax in a 1 to 1 proportion was inter- 
mediate in release of SETD. Similar results were obtained when 
these products were studied in powder form by John and Becker 
(1). The high release of SETD from tablets containing the white 
wax matrix alone can most likely be attributed to the presence of free 
fatty acids in the wax which react with the alkalinity of the dissolu- 
tion medium to form soaps that act as surfactants. The synthetic 
waxlike ester is apparently not as easily eroded and dispersed in 
alkaline pancreatin medium as white wax due to the lack of free 
fatty acids. 


The percent of drug released from tablets of all the waxes, after 
any comparable time interval in alkaline pancreatin medium, was 
greater than in acid pepsin medium. One explanation is that the 
drug SETD is more soluble in an alkaline medium than in an acid 
medium. Secondly, the constituents of the waxes, both free fatty 
acids and the esters, are apparently more soluble and dispersible in 
an alkaline medium. 


Effect of Nozzle Size-No definite conclusions could be drawn 'as 
to effect of nozzle size used in the pneumatic atomization of the 
various spray-congealed SETD-wax products and the influence of 
their particle sizes when made into tablets on the release of the 
drug in acid pepsin medium as well as in alkaline pancreatin me- 
dium. As reported earlier ( I ) ,  the average particle size of SET& 
white wax powders spray congealed with different nozzle sizes, 
namely, 0.05, 0.10, and 0.15 cm., was 9.2, 13.4, and 14.8 p,  re- 
spectively; for the SETBsynthetic waxlike ester powders, the 
average particle size was 7.8, 12.2, and 14.6 p ;  and for the SETD- 
synthetic waxlike ester-white wax powders in a 1 to 1 proportion, 
the average particle size was 8.9, 13.1, and 18.8 p,  respectively. 
Apparently the difference in ranges of particle sizes was not suf- 
ficient to show any significant pattern in release of SETD from the 
respective tablets. It appears likely that the force of compression 
employed in making the tablets, resulting in some fusion of the 
waxy materials, removed any possible effects of particle size if such 
exist in this instance. 
In Vitro Dissolution Pattern of SETD from Tablets Made from 


Inert Wax Matrices-Higuchi (8) derived the following equation 
for drug release from granular inert matrices: 


0%. 1) 1 lt2 


D K  
Q = A [T (2 - KCJC,t 


where Q is the amount of drug released after time t per unit exposed 
area, D is the diffusitivity of drug in the homogeneous matrix 
media, A is the total amount of drug present in the matrix per unit 
volume, C, is the solubility of the drug in the matrix system, r is 
the tortuosity factor of the capillary system, and Kequals the specific 


Figure 1-Plot of percent SETD released as a function of time for 
dissolution from SETD-synthetic waxlike ester-white wax ( I  : I )  
tablets and powder in acid pepsin medium. Key: V V, W ~ N & O ;  


0, W3N&. Solid line: powder: dashed line: tablets. 
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volume of the drug. Under the conditions where shape, size, weight, 
degree of compression, and surface area remain essentially un- 
changed, the above equation reduces to: 


Q = ktl/a (Eq. 2) 
where k is a constant taking account of all the factors held constant 
inEq. 1. 


The percent of SETD released from the tablets after dissolution 
in the acid pepsin medium from all three matrices evaluated in this 
investigation was plotted as a function of square root of time. The 
linear relationship according to Eq. 2 was observed to be valid for a 
few hours where the release was less than 2 z .  After that the dis- 
solution data did not follow this pattern, apparently due to con- 
siderable change in the effective surface area of the tablets. Sim- 
ilarly, the percent of SETD released from the tablets after dissolu- 
tion in alkaline pancreatin medium from all three matrices was 
plotted as a function of square root of time. Likewise, in this 
instance, a deviation from linearity was observed after a few hours 
due to change in effective surface area of the tablets as erosion and 
some dispersion of the tablets occurred. Tablets compressed from 
spray-congealed products containing white wax alone as the matrix 
were observed to be more soluble than the other wax matrices 
employed and, hence, showed more deviation. After 6 hr. of ex- 
posure in the alkaline pancreatin medium, the SETD-white wax 
tablets were about half of the original size. 


Dissolution of SETD from Spray-Congealed SETD-Wax Powders 
versus Dissolution of SETD from Tablett-It would be of interest 
to compare the dissolution of SETD from spray-congealed SETD- 
wax powders to the dissolution of SETD from tablets prepared 
from the same products. Figure 1 shows the percent of SETD- 
released against time from SETD-synthetic waxlike ester-white 
wax, in a 1 to 1 proportion, powder and tablets. It is apparent 
that the magnitude of release of SETD from the powdered forms is 
much greater than that in the tablet dosage form. The compres- 
sional force required in tableting resulted in some fusion, less 
porosity, and more compactness of the particles which seems to be 


responsible for the small amount of SETD release from the tablets. 
Further work on tablets employing spray-congealed products of 


drug in wax matrices with modifier, which are free flowing, suitable 
for direct compression, and which release the active ingredient more 
completely, is presently under investigation. The results of this 
study will be reported separately in a later paper. 
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Fitting a Double-Exponential Curve to Observed Salicylate 
Concentrations in Blood 


F. W. MUELLER and S. V. LIEBERMAN 


Abstract 0 For interpretation of the results of blood concentration 
data to be meaningful, a very careful evaluation of the basic aspects 
of data collection, data description, and analysis is essential. The 
importance of these considerations is illustrated by the magnitude 
of observed differences in rate constants obtained under a variety 
of possible data-handling methods. The method of curve fitting 
presented, which minimizes squared logarithmic deviations, offers 
a different approach by utilizing relative error rather than absolute 
error. If truly equal weights are desired for data points, it is felt 
that this is the more appropriate definition of best fit. In any case, 
no mathematical technique for fitting a model to the data can com- 
pensate for an inadequate description of drug activity. 


Keyphrases 0 Blood concentration data-valuation, basic aspects 
Rate constants4ouble-exponential curve fitting Salicylate 


concentration levels-rate constants, curve fitting, example 


A desire to determine rate constants for drug ab- 
sorption and elimination has resulted in the develop- 
ment of numerous analytical and mathematical tech- 


niques for pharmacokinetic analysis. In recent years, 
the applications of pharmacokinetic analysis have pro- 
gressed rapidly from graphical solutions of concentra- 
tion uersus time plots to computer programs applied to 
increasingly sophisticated mathematical models. The 
latter yield apparent first-order rate constants for 
various processes of distribution and elimination [e.g., 
Levy et al. (1) and Wagner (2) ] .  In many publica- 
tions, the estimated values obtained for the parameters 
of the models have been presented without any indica- 
tion that other values are possible. Where a number of 
apparent first-order rate constants are derived by a 
series of arithmetic manipulations from these estimated 
parameters, any inaccuracy in these estimates will be 
magnified in the subsequent computations. For a given 
set of observations, there are several important sta- 
tistical considerations which merit careful attention be- 
fore beginning the process of fitting a specific model to 
observed data. 
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R E S E A R C H  A R T I C L E S  


Intermolecular and Intramolecular Catalysis in Deamination 
of Cytosine Nucleosides 


ROBERT E. NOTARI, MARILYN LUE CHIN, and ALEX CARDONI 


Abstract 0 The rates of deamination of arabinosylcytosine (Ara-C), 
cytidine (Cyd) and cytosine (C) are compared in the presence and 
in the absence of catalytic buffers. Ratios of the rate constants in 
the absence of intermolecular catalysis by buffers indicate intra- 
molecular catalysis by the 2'-hydroxyl in Ara-C. For example, the 
ratio of the deamination rate constants at pH 4.7, 70" is 53/1.4/1 
for Ara-C/Cyd/C. In contrast to Cyd and C which show catalysis by 
both the acidic and basic components of the buffers, Ara-C ex- 
hibits only general-acid catalysis. These data suggest that intra- 
molecular participation by the 2 '-hydroxyl in Ara-C replaces the 
general-base catalytic role which the buffers perform in the de- 
amination of C and Cyd. Mechanisms for inter- and intramolecular 
catalysis in the deamination of Ara-C, Cyd, and C are discussed. 


Keyphrases 0 Cytosine nucleosides-deamination Catalysis, 
inter- and intramolecular-cytosine nucleosides 0 Kinetics--cyto- 
sine nucleosides deamination 0 UV spectrophotometry-analysis 


Cytosine (C), cytidine (Cyd) and 1-P-D-arabinosyl- 
cytosine (Ara-C)' are known to undergo hydr.olytic 
deamination in aqueous buffered solutions to yield the 
corresponding uracil derivatives as shown in Scheme I. 


The authors have previously reported on the kinetics 
of Ara-C deamination in phosphate buffers at several 
temperatures in the presence and absence of sodium 
bisulfite (1). The major catalytic species in aqueous 
phosphate buffers at 70", pH 6-8, was shown to be 
H2P04-. Other workers have demonstrated that the 
deamination of C and Cyd is subject to buffer catalysis 
by carboxylate and pyridine buffers at pH < 6 ,  95" 
(2, 3). The catalytic constants for the individual buffer 
species could not be calculated from previous data for 
C and Cyd (2, 3) and the catalytic constant for H2P04- 
was not reported (1). 


In the authors' initial publication the fact was empha- 
sized that insufficient data was available to quantita- 
tively compare the catalytic effects of buffers on the 
deamination of Ara-C, Cyd, and C. The authors have 
now demonstrated that the kinetics of deamination of 
the arabinosyl nucleoside is dramatically different from 
either the ribosyl nucleoside or cytosine itself and that C 
and Cyd behave relatively similarly by comparison. This 
report provides the first data allowing: (a) comparison 
of the catalytic constants for several buffer components 
in the deamination kinetics of C, Cyd, and Ara-C and 
(b) a direct comparison of their deamination rates in the 


'USAN approved name is cytarabine; common name is cytosine 
arabinoside. 


absence of buffer catalysis under a variety of experi- 
mental conditions. The results clearly indicate a signifi- 
cant contribution due to  intramolecular participation by 
the 2'-hydroxyl in the hydrolytic deamination of Ara-C. 
There is evidence that C and Cyd are subject to  both 
general-acid and general-base catalysis while general- 
acid catalysis predominates in the case of Ara-C at 70 
and 80". Under certain conditions the apparent first- 
order rate constants for Ara-C deamination are shown 
to increase rapidly as a function of acetic acid concen- 
tration and then become relatively constant and in- 
dependent of the buffer concentration. This apparent 
change in the rate determining step is not evident in the 
buffer data for the deamination of C or Cyd under the 
conditions of this report. 


EXPERIMENTAL 


Materials-Arabinosylcytosine and arabinosyluridine (Upjohn 
Co., Kalamazoo, Mich.), and cytosine, uracil, cytidine, and uridine 
(Mann Research Laboratories, New York, N. Y. and Nutritional 
Biochemicals Co., Cleveland, Ohio) were used. 


Analytical Methods-The wavelengths of maximum absorption 
as a function of pH were determined using a Cary model 15 spectro- 
photometer. Beer's law plots for cytosine and uracil in 0.1 N HCl 
were constructed using a Beckman DU spectrophotometer and the 
absorptivities, a, were calculated to be 1.0 X lo4 (275 mp), 5.9 X 
l o 3  (259 mp) for C, and 3.8 x lo3 (275 mp), 8.2 X lo3 (259 mp)lfor 
U. Solution of the simultaneous equations for total absorption, A, 
from a mixture of C and U yields: 


c = (1.37 A216 - 0.625 -4269) x 
U = (1.67 AISS - 0.990 Ans) X lo-' 


(Eq. 1) 
(Eq. 2) 


The concentration of each component in mixtures containing C and 
Uwerecalculated from the AZTS and A259 in 0.1 N HCI using Eqs. 1 and 
2. 


A similar treatment for arabinosylcytosine and arabinosyluracil 
results in Eqs. 3 and 4. 


Ara-C = (0.927 Azso - 0.389 AZe0) X (Eq. 3) 
Ara-U = (1.21 Azso - 0.546 AZa0) X 10-4 (Eq. 4) 


The concentration of Ara-C or Ara-U in a mixture was calculated 
from Eq. 3 or 4 using the Azso and AZc0 in 0.1 N HCI where the absorp- 
tivities were determined as 1.3 X 104 (280 mp), 6.0 X lo3 (260 mp) 
forAra-C,and4.3 X 103(280mp), 1.0 x 104(260mp)forAra-U. 


The method of Loring and Ploeser (4) was employed in the anal- 
ysis of cytidine and uridine mixtures. 


Kinetics of Deadnation-The kinetics of hydrolytic deamination 
of C, Cyd, and Ara-C, were determined under pseudo first-order 
conditions by maintaining constant pH and a sufficient excess of 
buffer. The temperature and ionic strength were held constant 
within each study. The pH was measured at the temperature of the 
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kinetic run using a digital readout pH meter (Sargent model DR) 
and combination electrode pH 7-14, 0-80" before and after the 
reactions were carried out. All reactions were followed for one to 
seven half-lives in the case of Cyd, for more than 40% of the reaction 
in the Case of C, and until complete loss of substrate in the case of 
Ara-C. The concentrations of the reactants and products were 
determined as described in the previous section. Details of the ex- 
perimental conditions are given in Tables I, 11, and 111. 


RESULTS 


Kinetics of Deamination-Good first-order plots were obtained 
under all experimental conditions when graphed according to the 
equation 


In X = In Xo - klt (Eq. 5 )  


where X is the molar concentration of unreacted C, Cyd, or Ara-C 
and X o  is the corresponding initial concentration. The apparent 
fist-order rate constants, k l ,  calculated from the slopes of these 
plots are listed in Tables I, 11, and 111. The effect of buffer concentra- 


Table I--Experimental Conditions and Apparent First-Order 
Rate Constants for Deamination of 5.0 X 
Arabinosylcytosine 


M 


----Buffer Compn.- 
[CHa- [ C H r  103kl, 


"C. Observed pH COOH] COONa] [NaCl] hr.-I 


0.05 


0.020 
0.010 
0.005 


80 3 . 6 6 f 0 . 0 5  3.50 
0.50 
0.30 
0.10 


4.72 f 0.05 0.32 
0.090 
0.045 
0.005 


5.66 i 0.08 0.035 
0.020 
0.010 
0.005 


0.36 0.m 
0.050 0.31 
0.030 0 .33  
0.010 0 . 3 5  
0.005 0.36 
0.36 0.00 
o.io 0.26 
0.050 0.31 
0.005 0.35 
0.35 0.01 
0.20 0.16 
0.10 0.26 
0.05 0 .31  
0.35 0.00 
0.050 0.30 
0.030 0.32 
0.010 0.34 
0.32 0.00 
0.090 0.23 
0.045 0.27 
0.005 0.31 
0.35 0.00 
0.20 0.15 
0.10 0.25 
0.05 0.30 


53 .8  
51.2 
49.1 
43.4 
38 .8  
25.9 
17.7 
1 5 . 3  
10.4 
3.24 
2.79 
2.29 
1.84 


154 
107 
103 
93.4 
49.7 
30.6 
25.2 
19.0 
7.15 
5.52 
4.60 
3.95 


tion on the apparent first-order rate constants is discussed in the 
following sections. 


General Acid-General Base Catalysis in Deamination of C and Cyd 
-Plots of the apparent first-order rate constants, kl ,  uersus total 
buffer concentration were linear for both C and Cyd under the 
conditions given in Tables I1 and 111. The apparent first-order rate 
constants were shown to be defined by the equation: 


kl = ~ H A [ H A ]  kA- [A-I ki (Eq. 6) 


where H A  is the acidic component and k ,  is the rate constant in the 
absence of H A  or A-. At any given pH a plot of kl versus [HA] will 
be linear with intercept, ki,  and slope defined as S = ( ~ X A  f kA- 
R)  where A is the ratio [A-]/[HA]. Thus a knowledge of S and R at 
two or more pH values will allow calculation of both catalytic con- 
stants. The calculation can also be done by a plot of kl uersus [A-] 
where S = (kHA A + kA-) and R = [HA]/[A-1. Both of these methods 
were applied to the data in Tables I1 and 111 with consistent results. 
The catalytic constants calculated in this way are listed in Table IV. 
It is apparent that both the acidic and basic components of the 
buffers are catalytic. The effects of a number of buffer systems on 
the deamination of C have been established as part of another study 
which will examine the possibility of a Bronsted correlation of the 
catalytic constants for various buffers. In all cases general-acid and 
general-base catalysis is indicated. As evidenced in Table IV neither 
species appears to predominate as the catalyst. 


The reaction mixtures were examined for material balance by 
calculating the sum of the concentrations of C and U or Cyd and 
Urd as a function of time. Under all conditions reported in Tables 
11 and 111 there was no indication of the presence of any reaction 
product other than the U or Urd. 


General-Acid Catalysis in Deamination of Ara-C-The method 
described in the previous section was applied to data for the de- 
amination of Ara-C in phosphate buffers at pH 6.15 and 6.90 (1) by 


Table 11-Experimental Conditions and Apparent First-Order 
Rate Constants for Deamination of 5.0 X 10-4 M Cytidine 


-Buffer Compn.- 
[ C H r  [CH3- 1 0 3 ~  


"C. Observed pH COOH] COONa] [NaCI] hr.-l 


70 4.71 =t 0.04 0.360 0.360 O.OO0 0.767 
0.100 0.100 0.260 0.390 
0.050 0.050 0.310 0.328 
0.005 0.005 0.355 0.266 


80 3 . 6 3 h  0.05 1.350 0.135 0.180 4.40 
0.450 0.045 0.270 3 .12  .._ 


0.270 0.025 0.288 2.93 
0.090 0.009 0.306 2.41 


4 . 7 2 %  0.04 0.315 0.315 0.OOO 1.80 
0.090 0.090 0.225 0.992 
0.045 0.045 0.270 0.817 
0.0045 0.0045 0.311 0.646 
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Table 111-Experimental Conditions and Apparent First-Order 
Rate Constants for Deamination of 1.8 X M Cytosine at 70" 


-Buffer Compn.- 
Observed [CH,- [CHa- lo4 kl ,  


PH COOH] COONa] [NaCI]" hr.-1 


0.  IS  
0.082 
0.020 


5.64 =k 0.02 0.020 
0.015 
0.0082 


[NaH2P0,. 
H201 


5.76 f 0.03 0.20 
0.10 
0.05 


6.70 =k 0.03 0.060 
0.040 
0.020 


7.69 =t 0.04 0.0060 
0.0040 
0.0020 


0.020 
0.015 
0,008 
0.002 
0.20 
0.15 
0.082 
0.020 
0.20 
0.15 
0.082 


[ Na2HP04] 
0.020 
0.010 
0.005 
0.060 
0.040 
0.020 
0.060 
0.040 
0.020 


0.18 3.50 
0.19 3.11 
0.19 2.77 
0.20 2.48 
0.00 3.59 
0.05 3.16 
0.12 2.54 
0.18 2.07 
0.00 1.29 
0.05 1.12 
0.12 0.865 


[NaCl]* 
0.00 1.94 
0.065 1.48 
0.13 1.18 
0.02 1.29 
0.10 1.10 
0.18 0.949 
0.074 0.875 
0.14 0.795 
0.20 0.723 


a Ionic strength adjusted M ith NaCl to 0.020. *Ionic strength ad- 
justed with NaCl to 0.26. 


determining the slopes of the plots X-I ccrsws [HPOd=]. Solving the 
simultaneous equations for the catalytic constants yields a value of 
2.0 X lo-* (I./mole/hr.) for ~ H ? I J O , -  and a negligible value for 
kHP04=(estimated to be 3 X 10-41./mole/hr.). 


Catalysis in  the presence of the acetic acid-acetate buffer system 
did not exhibit the usual linear dependency of rate constant on 
buffer concentration. Plots of XI L;crsus total buffer concentration 
(or the concentration of either component) showed negative devia- 
tion from linearity. Typical examples are presented in Figs. I and 2. 
Figure 2 also shows a plot for the deamination of Cyd to allow a 
direct comparison. 


The plot kl wrsws CHaCOONa at pH 3.7 shows the greatest 
degree of deviation of all cases reported in this paper. This plot 
shows essentially two regions. In the region of low buffer concentra- 
tion there exists a sharp increase in kl with increasing concentration 
of buffer. Examination of Fig. 1 will reveal that this increase can be 
attributed to CH,COOH rather than [CH,COO-] since the most 
significant buffer catalysis is seen to occur at pH 3.7 where there is 
primarily CH,COOH (see Table I). As the pH is increased to 4.7 
and 5.7 the slopes of the plots can be seen to decrease. Indeed the 
nearly linear plot of kl cersws CH:ICOONa at pH 5.7 represents the 
case where the buffer is composed primarily of the acetate with 
relatively little acetic acid present. This plot shows an increase in kl 
of only 1.4 X lo-, (hr.-I) when total buffer concentration is in- 
creased from 0.055 to 0.39 hi. The plot at pH 3.7 shows an increase 
of more than 10 X (hr,-I) over the same range. If one assumes 
that all of the increase in kl  at pH 5.7 is due to the acetate the max- 
imum catalytic constant for CH,COO- would be 1.4 X 10-3/0.3 or 
4.7 X (l./mole/hr.). (See Table I for sodium acetate and acetic 
acid concentrations.) This would allow calculation of the acetic 
acid catalytic constant at pH 3.7 from the initial slope of kl  tiemus 
CHzCOOH which is 94 X lo-? (Fig. 2) yielding a value of kCtbCOOH 
= 93 X (l./mole/hr.). Thus the maximum possible contribution 


Table IV-Catalytic Constants for Acetate and Phosphate 
Buffers in Deamination of Arabinosylcytosine, 
Cytidine, and Cytosine 


-- 104 k ,  l./mole/hr.----- 
"C. Substrate HAc Ac- H2POd- HP04= 


~ ~ ~ ~ ~~~~~~~ 


70 C 5.43 2.99 4.15 3.45 


80 Cyd 11.5 26.3 
-3 


- - 
Ara-C -930 -0 200 


Ara-C -1500 -0 - - 


L l  1 I I I 


0.0 0.1 0.2 0.3 0.4 
[CHaCOONa] 


Figure 1-Apparent first-order rate constants for  deaminntion of 
Ara-C at 70" in acetate buffers at p H  3.7, 0; 4.7, 0; and 5.7, 
A; versus sodium acetate concentration. 


due to the acetate component of the buffer at 70" is negligible in 
comparison to that of acetic acid. 


Since the plots in Figs. 1 and 2 show decreasing buffer 
dependency with increasing buffer concentration, a more accurate 
assessment of the catalytic constants can be performed using the 
initial slopes. The initial slopes of kl tiersws CHZCOOH were ob- 
tained at pH 3.7 and 4.7 by regraphing the data in Fig. 2 on an 
expanded scale. Applying the technique discussed in the previous 
section results in the following: 


0.094 = kHA f 0.1 ka- 


0.103 =  HA f ka-  


(Eq. 7) 


(Eq. 8) 


Solving for the constants yields kHd = 9.3 X 10-2and kA- = 1 X lo-' 
(l./mole/br.). However, the initial slope of kl  uersus CH,COONa at 
pH 5.7 is 0.0090 which would indicate a negative value for acetate 
since S = k ~ -  + 0.1 kHa at this pH. If it is assumed that kA- is 
actually zero and that the small positive value calculated from Eqs. 7 
and 8 is due to the approximation in determining the initial slopes, 
the catalytic constant kHA = 0.093 can be used to calculate the in- 
itial kl  values at pH 5.7 according to Eq. 6 where k ,  is 1.39 X 
(hr.?). The calculated values for lo3 kl (hr.-I) are 2.32 at 0.01 
M CH,COOH and 1.84 at  0.005 M CH3COOH which agree with 
the experimental values 2.29 and 1.84. Since the most pronounced 
acetate effect would be exhibited at pH 5.7 it is evident that its 
catalytic constant is negligible as compared to that for acetic acid. 


The same generalitiescan be made for the acetic acid-acetate buffer 
at 80". The slope of kl  versus [CH,COO-] at pH 5.7 was again mini- 
mal in comparison to that of pH 4.7 and 3.7. Attempts tocalculate 
the catalytic constants from the initial slopes using Eq. 6 resulted only 
in approximate values for kHA (15 x 10-2 l./mole/hr.) and kA- 
(0.1 X l./mole/hr.). However, the data are unambiguous in 
exhibiting the predominance of acetic acid as the catalytic species. 


It is apparent that acetic acid is also responsible for the negative 
deviation in the kl  uersus buffer concentration plot since this is most 
pronounced at pH 3.7. When the acetic acid is increased from 0.05 to 
0.10 there is a corresponding increase in kl of 4.6 X for a slope 
value, S1 = 92 X However, when the concentration is in- 
creased from 0.5 to 3.6 M there is an increase of only 2.6 X in 
kl  for a value of S2 = 0.8 X Thus the ratio S,/S2 is 115/1. The 
rate constant, k1, has become relatively independent of buffer 
concentration in the region of 0.5 to 3.6 M acetic acid, pH 3.7,70°. 
This type of plot is evidence for a change in the rate determining 
step of the reaction (5). In the buffer region up to 0.5 M acetic acid 
the reaction was significantly catalyzed by acetic acid. At concentra- 
tions greater than 0.5 M, acetic acid has supplied sufficient catalysis 
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to result in a new rate determining step which is apparently in- 
dependent of buffer. 


The deamination of Ara-C differs from that of C and Cyd in one 
other aspect. Under certain experimental conditions, particularly in 
dilute carboxylate buffers at pH 2-4, 60-80", material balance data 
provide evidence for the formation of an intermediate in the deam- 
ination of Ara-C to Ara-U. By proper control of conditions we can 
demonstrate formation of as much as 40% of the intermediate which 
subsequently reacts to form Ara-U. The isolation and identification 
of this intermediate is currently in progress and will be the subject of 
a future report. 


The presence of the intermediate does not affect the validity of 
the rate constants reported in the present paper. It has been shown 
that rate constants determined from Ara-C concentration are the 
same as those calculated directly from the UV absorption data. In 
addition, the intermediate shows no effect on the spectra of the reac- 
tion mixtures from 250-300 m l  and would not therefore be ex- 
pected to interfere with the spectrophotometric assays. 


DISCUSSION 


Intramolecular Participation in the Hydrolytic Deamination of 
Ara-C-The rate constants for deamination of Ara-C, Cyd, and C 
in the absence of buffer at a variety of pH values, 70 and 80", are 
given in Table V. The data at 70" show a slight rate enhancement 
when the ribosyl nucleoside, Cyd, is compared to cytosine alone, C. 
The ratio of the rate constants is 2.211 at pH 4.0 and 1.4/1 at pH 4.7. 
This increase in deamination rate may be due to participation by 
the 5'-hydroxyl to form the 6,5'-anhydro cyclonucleoside inter- 
mediate, I. The formation of similar 6,5'-cyclic intermediates has 


I 


been proposed in the 5-H exchange of ribofuranosyl nucleosides in 
MeONa-MeOD (6). I n  the present case, however, this increase in 
deamination rate, which may be attributed to the ribosyl5'-hydroxyl, 
is insignificant in comparison to the rate increase of the arabinosyl 
nucleoside which is 142 times faster than C a t  pH 3.7. At pH 4.7 the 
ratio of Ara-C/Cyd/C is 53/1.4/1. (Other ratios are listed in Table V.) 
It isobvious from these data that theconfiguration of the 2'-hydroxyl 
in Ara-C (Scheme I) is responsible for a 30- to 40- fold rate increase as 
compared to the deamination of Cyd where the 2'-hydroxyl is trans 
to the pyrimidine base. It should also be mentioned here that Fig. 2 
illustrates why the uncatalyzed rate constants rather than those in 
buffer solutions must be compared for a true indication of the degree 
of intramolecular catalysis. As the buffer concentration is increased 
the ratio of reactivity of Ara-C to Cyd or C would be found to first 
increase and then decrease. Figure 1 shows the most dramatic 
example of this fact in that Ara-C deamination becomes practically 


Table V-Comparison of First-Order Rate Constants for 
Hydrolytic Deamination of Arabinosylcytosine, Cytidine, 
and Cytosine in Absence of Buffer" 


--- lo4 k,  hr.-'--- Ratio 
"C. pH Ara-C Cyd C Ara-C/Cyd/C 


70 3.7 340 - 2.4 1421-/1 
4 .0  26oh 6 . 4  2 . 9  9012.21 1 
4.7 100 2.6  1.9 5311.411 
5.7 14 - 1 14/-/1 


80 3.7 900 24 - 4011 
4.7 180 6.4 - 2811 


- - 5.7 35 - 


a Determined from intercepts of plots of k~ aersus buffer concentra- 
tion. See Tables I, 11, and 111 for experimental details. h Estimated 
from plot of k ,  ccrsus pH where k ,  is intercept of k ,  c e r w s  buffer con- 
centration for data in Table I .  c Taken from Refererice 9. 


/ 


/ 


~~ 


0.0 0.1 0.2 0.3 0.4 
[CHICOOH] 


Figure 2-Apparent Jirst-order rute comlu)its at 70" for deamination 
of Ara-C in acetate buffers at p H  3.7, rind 4.7, 0 (102kl in hr.-l) 
and CydatpH4.7 ,  A (103ki in hr.-l) versus metic ucidconcentrurion. 


independent of buffer at concentrations above 0.5 M acetic acid. 
Since the rate constants in Table V do not reflect the differences in 
intermolecular catalysis by buffer, it is apparent that the 2'-hydroxyl 
in the arabinosyl nucleoside is capable of intramolecular catalysis 
while the 2'-hydroxyl in cytidiiie does not exhibit effective intra- 
molecular participation. 


Buffer Catalysis of Ara-C, Cyd, and C Deamination-Table IV 
summarizes the values of the catalytic constants in the acetic acid- 
acetate and phosphate buffer systems. It is readily apparent that 
catalysis of the deamination of Cyd and C differs from that of Ara-C 
in both magnitude and type. Cyd and C are catalyzed by both the 
acidic and basic components of the buffers. Thus general-acid and 
general-base catalysis are evident. 


The catalytic constants for deamination of Ara-C were calculated 
only in dilute buffer solutions i n  the case of the acetic acid-acetate 
system because of the decreasing effect of buffer at higher concentra- 
tions (Fig. 1). It is obvious that Ara-C is subject primarily to general- 
acid catalysis under the conditions of this study. Furthermore, the 
catalytic constants for acetic acid and H?PO4- are significantly larger 
than those for the corresponding constants in C or Cyd deamination 
(Table IV). 
In a preliminary communication we have discussed two possibil- 


ities for participation by the 2'-hydroxyl (7). One case is that of 
intramolecular general-acid catalysis and the other that of general- 
base (Scheme 11). 


I general base 
OH 


general acid 
Scheme I1 


Consideration of the buffer data suggests that the general base 
mechanism is the more likely of the two. This is evident from the 
fact that Ara-C deamination exhibits buffer catalysis primarily by 
general acids whereas C and Cyd are susceptible to catalysis by both 
acidic and basic buffer components. Thus the Ara-C appears to be 
supplying its own basic catalyst and to require only the general- 
acid catalyst to undergo relatively rapid deamination. 
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NH, 
I 


I1 


Scheme 111 


Intramolecular catalysis by nucleophilic attack of the 2’-oxygen 
on C-6 would lead to the formation of the 2‘,6-cyclic intermediate, 
11, shown in Scheme 111. This mechanism is basically similar to that 
previously proposed for Cyd (2) and Ara-C (1) except that the ara- 
binosyl2’-hydroxyl now serves as the general base. 


The formation of 2’,6-cyclonucleosides has also been implicated in 
the 5-H exchange reactions of Ara-U and 5’-deoxy Ara-U in Me- 
ONa-MeOD (6) and Ara-U and Ara-C in aqueous acid-base (8). 
This mechanism accounts for the increased deamination rates of 
Ara-C over Cyd and C in the absence of buffer since only H30+ is 
required for the reaction to proceed. 


Scheme 111 is also consistent with the observed behavior of the 
first-order rate constants for Ara-C deamination, kl ,  as a function of 
acetic acid concentration at pH 3.7,70” (Figs. 1 and 2). The depen- 
dency of k l  on acetic acid at low buffer concentrations can be ex- 
plained on the basis of reversible proton addition to the C-5 of I1 
as shown in the scheme. The maximum concentration of I1 would 
thus be a function of the rate of ring formation and the relative rate 
of proton addition to the cyclic intermediate. Thus at  low buffer 
concentrations and sufficient H-ion to catalyze the 2’-hydroxyl 
attack, one would expect to accumulate 11. This is in agreement with 
the authors’ observation that Ara-C deamination involves formation 
of an intermediate under such conditions (see Experimental). In- 
creasing the concentration of acetic acid would result in a more rapid 
loss of I1 which would approach a steady state in high buffer con- 
centrations. The observed deamination rate constant in more con- 
centrated buffer (0.5 to 3.6 M acetic acid) appears to approach a 
constant value which would represent the rate constant for the for- 
mation of I1 under steady state conditions at pH 3.7. This would be 


expected to be a constant at a given pH since it represents a process 
which is first-order in Ara-C protonated at N-3. 


Scheme I11 is therefore consistent with the current data for inter- 
and intramolecular catalysis in Ara-C deamination. The deamina- 
tion of C and Cyd presumably proceeds through a similar mech- 
anism with the intermolecular general-acid and general-base cataly- 
sis being supplied by buffers. It is possible that the 5’-hydroxyl in 
Cyd participates to some extent as discussed earlier under the forma- 
tion of I. This effect is minimal as compared to the 2‘-hydroxyl in 
Ara-C under the present experimental conditions. 


SUMMARY 


1.  At pH 3.7-4.7 7&80”, in the absence of buffers arabinosyl- 
cytosine undergoes hydrolytic deamination 30 to 40 times faster than 
cytidine which deaminates slightly faster than cytosine. This rate 
enhancement is attributed to intramolecular participation by the 
2’-hydroxyl in the arabinosyl nucleoside. 


2. First-order deamination rate constants, kt ,  for cytidine and 
cytosine showed a linear dependency on buffer concentration. 
Catalytic constants could be calculated from slopes of appropriate 
plots in the usual fashion. Both compounds were susceptible to 
general-acid and general-base catalysis by the buffer components. 


3. Deamination rate constants for arabinosylcytosine did not show 
the usual linear dependency on acetic acid-acetate buffer concentra- 
tion. Curves were obtained with negative deviation from linearity. 
In the most extreme case studied, a region where kl is nearly in- 
dependent of buffer concentration is reported. 


4. Catalytic constants were estimated from the initial slopes of kl 
terms acetic acid concentration in the arabinosyl case. Although the 
values for the catalytic constants are estimates it is unequivocal 
that general-acid catalysis predominates in Ara-C deamination. 
General-acid catalysis was also shown in phosphate buffer which 
showed no curvature. 


5. It is hypothesized that Ara-C is subject to general-base type of 
intramolecular catalysis by the 2’-hydroxyl group. Thus only 
intermolecular general-acid catalysis is observed whereas both 
general-acid and general-base catalysis are required in the deamina- 
tion of cytosine and cytidine. 
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New Compounds: Mannich Bases from 
1,2-Diphenylindolizine-N-Substituted 
Cyclohexylaminomethyl Derivatives 


WILLIAM B. HARRELL”, SHAO-WEN KUANG, and CROSSLEY O’DELL 


Abstract 0 Seven new Mannich bases, involving N-substituted 
cyclohexylamines and 1,2-diphenylindolizine, have been synthe- 
sized as potential biologically active compounds. 


Keyphrases 0 Mannich bases-synthesis 0 N-Substituted cyclo- 
hexylamines-synthesis from 1,2-diphenylindolizine 0 1,2-Di- 
phenylindolizine-Mannich base synthesis 


In previously reported work, it has been shown that 
certain Mannich bases derived from indolizines exhib- 
ited CNS-depressant activity (1-3). As part of a con- 
tinuing exploration of indolizines with potential biologi- 
cal activity, a series of Mannich bases involving N-sub- 


stituted cyclohexylamines was synthesized from 1,2- 
diphenylindolizine (4) (Table I). 


EXPERIMENTAL’ 


The appropriate secondary amine (0.045 mole) was combined 
with 30 ml. of 1,4-dioxane and 2.25 ml. of 4Ox aqueous formalde- 
hyde (0.030 mole). The mixture was placed in the refrigerator 
and allowed to stand for 48 hr. To the mixture was then added 
4.1 g. of 1,2-diphenylindolizine (0.015 mole); the resulting clear 
solution was stirred at room temperature for 72 hr., during which 


1 Melting points were taken on a Thomas-Hoover melting-point 
apparatus and are uncorrected. Elemental analyses were obtained from 
Strauss Microanalytical Laboratories, Oxford, England. 
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Table I-Mannich Bases 


CH2-N- C,H,, 
I 
R 


Yield, -Anal.- 7 


Compound R M.p. z Formula Calcd. Found 


I 


I1 


111 


IV 


V 


VI 


VII 


(3- 
CH3CHz- 


CH3- 


(CH&CH- 


NCCHzCHz- 


HOCHzCHz- 


O C H O H C H , -  


182-183" 


123-1 24 O 


112-1 13 O 


127-128" 


152-1 53 O 


138-139" 


137-138' 


85 


90 


88 


84 


92 


74 


84 


C, 85.67 
H, 8.28 
N, 6.05 
C, 85.25 
H, 7.89 
N, 6.86 
C, 85.24 
H. 7.66 
N: 7.iO 
C, 85.26 
H, 8.11 
N. 6.63 
C.' 83.10 
H; 7.21 
N, 9.69 
C, 82.04 
H, 7.60 
N; 6.60 
C, 83.96 
H, 7.25 
N, 5.59 


C. 85.72 
H; 8.32 
N, 6.18 
C, 85.32 
H, 7.92 
N, 6.69 
C. 85.36 
H; 7.66 
N, 7.09 
C, 85.42 
H, 8.09 
N, 6.42 
C, 83.13 
H, 7.19 
N, 9.48 
C, 82.11 
H, N, 7.65 6.78 


C, 83.92 
H, 7.31 
N, 5.42 


the crystalline product appeared. The product was collected and 
recrystallized from acetone. Each compound gave a negative color 
reaction with p-dimethylaminobenzaldehyde reagent, indicating 
that substitution had occurred at the C-3 position ( 5 ) .  


(4) P. A. Barrett, J. Chem. Soc., 1958, 325. 
( 5 )  D. 0. Holland and J. H. C. Nayler, ibid., 1955, 1657. 
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C O M M U N I C A T I O N S  


Time Integral of Drug Concentration 
in the Central (Plasma) Compartment 


Keyphrases 0 Drug concentration time integral-central compart- 
ment 0 Absorption comparison method-different formulations 


Sir: 
A well-known result in pharmacokinetics is that the 


time integral of the concentration of a drug in the 
central (plasma) compartment is equal to the total 
amount of drug absorbed divided by the product of the 
volume of distribution for the compartment and the 
elimination rate constant. The result is of great practical 
importance in that amounts of drug absorbed from 
different formulations of a drug can be readily coin- 
pared by administering the different formulations to 
the same subject. Standard statistical designs, such as 


balanced incomplete block designs, can thus be em- 
ployed. The result has been proved for one-compartment 
and two-compartment systems under suitable condi- 
tions. The usual procedure has been to obtain an expres- 
sion for the concentration in the central compartment 
(by solving the appropriate differential equations) and 
to integrate this expression over time to obtain the 
stated result. A recent example of this procedure is 
given in Eqs. 1 la  through 14a of Gibaldi et al. (1). The 
purpose of the present note is to show that the result is a 
direct consequence of two basic assumptions and thus 
holds under quite general conditions. In  fact, the present 
proof is implicit in the derivation given for nonintra- 
venous routes of administration in Eq. 22a of the 
reference. 


The two basic assumptions are: 


1. Elimination of the drug takes place only from 
the central compartment, that is, the compartment over 
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Polyamide-Silica Gel Layer Chromatography of Yellow Food Dyes 


HUNG-CHEH CHIANG and CHWAN-HWAI CHEN 


Abstract 0 The separation of five yellow food dyes and three toxic 
yellow dyes by mixed polyamide-silica gel thin-layer is described. 
The method shows good separation and sharp spots. For compari- 
son, the thin-layer chromatography (TLC) on only polyamide and 
on only kieselguhr is alsocarried out. 


Keyphrases 0 Yellow dyes-analysis [7 Dyes, yellow-separation, 
identification [7 Polyamide-silica gel chromatography-analysis 


The separation of synthetic food dyes on a thin-layer 
of cellulose ( l ) ,  silica gel (2) ,  aluminum oxide (3), 
starch (4), polyamide (9, and paper chromatography 
(6) has been reported, but none of these techniques 
gave entirely satisfactory results. Recently, the separa- 
tion of 1 1 red food dyes on polyamide (12 %)-silica gel 
G (88 %) mixed thin-layers has been successfully 
applied by Chiang (7). Therefore, further application 
of this method was tried. In  this note, the separation of 
five yellow food dyes and three toxic yellow dyes 
(auramine, rnetanil yellow, and picric acid) by mixed 
polyamide-silica gel TLC is described. For comparison, 
the TLC of only polyamide and of only silica gel is 
also reported. 


EXPERIMENTAL 


Material-The solvents and chemicals are the reagent grade of 
Wako Pure Chemical Industries, Ltd., Osaka, Japan. 


Preparation of Polyamide-Silica Gel Mixed Layer-Eight grams 
of polyamide chip (Nylon 6,' type 1022B of UBE Industrial Ltd., 
Osaka, Japan) was dissolved in 80 ml. of 90% formic acid, and 
then 20 ml. of distilled water was added. After gentle warming 
(below 40") and stirring, a homogeneous solution was obtained; 
this was cooled to the room temperature and 52 g. of silica gel 
G (E. Merck) was added. Two hundred milliliters of the above- 
mentioned solution was poured into a dish (14.5 X 19.5 X 2.5 
cm.) and a glass plate (12 X 14 X 0.1 cm.) was dipped into it. 
Both sides of the glass were covered homogeneously. The glass was 


1 U. S. manufacturer: American Enka Corp. 
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Table I-Chromatographic Data 


-Solvent la- --Solvent IIb- 
No. Dyes P-sc S d  Pe P-s s P 


~~~~~~~~ 


1 NaphtholyellowS 0.48 (0.95, 0.371) O . l O ( 0 . 7 4 , ~  0.02) 
2 Yellow AB 0.14 (0.62, 0.22) 0.74 (0.97, 0.48) 
3 Yellow OB 0.10 (0.52, 0.22) 0.72 (0.97, 0.45) 
4 Tartrazine 0.63(0.98, 0.85) 0.01 (0.37,fO.Ol) 
5 Sunset yellow 0.56(0.98, 0.66) 0.14(0.56,10.08) 


6 Metanil yellow 0.28 (0.80, 0.14) 0.47 (0.83, 0.23) 
7 Auramine 0.37 (0.71, 0.36) 0.62 (0.71, 0.89) 
8 Picric acid 0.40 (0.97, 0.22) 0.53 (0.84, 0.22) 
Time required,r (min.) 50 30 200 90 70 600 


FCF 


Solvent I : methanol-23 % ammonium chloride solution-chloroform 
(30 :20: 1.3). b Solvent 11: isobutanol-ethanol-0.45 sodium chloride 
solution (3 : 5  : 1). c P-S, R j  value onpolyamiae-silica gel mixed 1ayer.d S ,  
on silica gel layer. e P, on polyamide layer. f Tailing. Q Time required to 
ascend 10 cm. from origin. 


placed over the dish for 2 min. to let the excess solution drain back. 
It was then air dried for 3 hr. and heated at 100" for 30 min. 


Preparation of Polyamide Layer-Twenty grams of polyamide 
was dissolved; then the procedure as described in the previous 
method, but without adding silica gel G,  was followed. 


Preparation of Silica Gel Layer-Dilute slurries of silica gel G 
(45 g. in 100 ml. of water) were sprayed at 2 k g . / ~ m . ~  pressure from a 
distance of 20 cm. onto eight sheets of glass plates (12 X 14 cm.) 
in a horizontal position, then dried at 100" for 30 min. The thickness 
of the layers was about 250 p. 


alcoholic 
solution of yellow AB, yellow OB, and auramine, and 0.3 2 water 
solution of other dyes was applied to the start line 1.5 cni. from 
the bottom of the layer, and the plate was developed by ascending 
techniques. The chamber had been equilibrated with the respective 
solvent for 30 min. before use. 


Chromatographic Procedure-One microliter of 0.3 


RESULTS AND DISCUSSION 


R,  values obtained with two solvent systems are given in Table 1. 
It has been found that the results obtained by the mixed poly- 
amide-silica gel layers show better separation and sharper spots 
than that obtained by polyamide and silica gel layers. Also the time 
required to ascend 10 cm. from origin for the mixed layers is shorter 
than that for the polyamide layers. Separation mechanism on the 
mixed layers is based on the formation of hydrogen bonds between 







the CONH group of polyamide and the sample and adsorption 
or partition between the silica gel and the sample. In the mixed 
layer, polyamide also serves as a strong binder and makes the layer 
very durable and easy to handle. Also the layer did not crack or peel 
and could be stored easily. Both sides of the glass are independent of 
each other andchromatography can be performed simultaneously on 
both sides. The addition of a small amount of salt (about 0.05% so- 
diumchloride or 0.4% ammoniumchloride) in the solvent mixture is 
essential to break hydrogen bonding between the polyamide and the 
dyes. Oil-soluble dyes of yellow AB and yellow OB are rather 
difficult to separate because of the close similarity of their structures 
(different only in one methyl group). The content of polyamide 
(13.6%) in this mixed layer was above that of the previous report 
(12%) (7) in order to obtain a more durable layer. 
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Modified Granuloma Pouch Procedure for the Evaluation 
of Topically Applied Anti-inflammatory Steroids 


G. DiPASQUALE, CHARLES L. RASSAERT, and EDWARD McDOUGALL 


Abstract 0 A laboratory procedure for evaluating topically applied 
anti-inflammatory preparations has been described. A modified 
croton oil-induced granuloma pouch served as the site of drug 
application and also as a physical barrier to avoid drug ingestion. 
Increasing concentrations and/or doses of test compounds are 
correlated with thymolysis, catabolism, and reduced exudate 
formation. The procedure can differentiate steroidal modifications, 
percutaneous absorption, and alterations of the vehicle. However, 
it is difficult to ascertain how much of the action of the test com- 
pound is due to its local and how much to its systemic properties. 
The assay also evaluated test compounds as pharmaceutical prep- 
arations. The order of increasing activity of the test substances 
can be listed as hydrocortisone acetate ( 1  z cream) < methyl- 
prednisolone acetate (0.25 % cream) < betamethasone 17-valerate 
(0.025 cream) < triamcinolone 16,17-acetonide (0.025 % cream) 
< betarnethasone (0.2x cream) < fluocinolone acetonide (0.025 z 
alcoholic gel or cream). 


Keyphrases 0 Steroids, anti-inflammatory-topical activity de- 
termination 0 Granuloma pouch test procedure-topical steroid 
activity 0 Croton oil-air-granuloma pouch formation 


Potential anti-inflammatory substances, topical or 
systemic, have been evaluated in a variety of procedures 
which apparently represent different modes of actions 
and/or different stages of the inflammatory process. 
Some of these procedures include: cotton pellet, gran- 
uloma pouch, paw edema, adjuvant-induced poly- 
arthritis, cell cultures, uncoupling of mitochondria1 
oxidative phosphorylation, plasma protein changes, ear 
test, lung inflammation, and inhibition of erythema 
(1-4). I t  is evident that each test procedure has some 
merit; however, one cannot avoid nor explain dis- 
crepancies which occur between the various animal 
in nitro and clinical procedures. Nevertheless, most 
clinically efficacious drugs are active in most procedures, 
although in some assays a divergence may occur be- 
tween steroidal and nonsteroidal drugs. Avoidance of 


ingestion of topically applied drugs in animals has 
presented some perplexing problems. Alternatives appear 
to introduce other problems; for example the use of oc- 
clusive dressings may alter absorption whereas the 
use of collars and other restraining devices produces 
stress which elaborates endogenous adrenocortico- 
steroids. The use of an air pouch which serves as the 
site of drug application and a physical barrier to avoid 
ingestion has been tried by the authors. They have also 
tried to observe whether or not the modified granuloma 
pouch procedure will distinguish steroidal modifications 
and/or alterations of the vehicle. I t  is known that these 
changes will affect drug absorption, retention, and bio- 
logical activity (5 ,  6). It  should also be mentioned that 
most animal (in uiuo and/or in citro) procedures re- 
quire a solubilized test compound which requires organic 
solvents. The present study also evaluated drugs as 
pharmaceutical preparations. 


MATERIALS AND METHODS 


The method used was a modification of Selye’s procedure (7). 
Male rats weighing 150-170 g. were individually housed and ar- 
ranged in groups as indicated in the tables. The dorsal surface of 
the animal was shaved with animal clippers and the pouches were 
formed with the subcutaneous injection of 25 ml. of air followed 
by an injection of 0.5 ml. of a 1 % solution of croton oil in sesame 
oil directly into the pouch. The test compounds included the com- 
mercial preparations : fluocinolone acetonide (Synalar cream, Syntex 
Laboratories Inc.); betamethasone (Celestone cream, Schering 
Corp.); methylprednisolone acetate (Medrol acetatecream, The Up 
john Co.); triamcinolone 16,17-acetonide (Kenalog cream, E. R. 
Squibb & Sons, Inc.); and also these laboratory preparations: hy- 
drocortisone acetate in a cream base; betamethasone 17-valerate in 
a cream base; triamcinolone in a cream base; triamcinolone 16,17- 
acetonide in a cream base; and fluocinolone acetonide in an alcoholic 
gel base. 
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Dynamic Dialysis as a Method for Studying Protein Binding I: Factors 
Affecting the Kinetics of Dialysis Through a Cellophane Membrane 


MARVIN C. MEYER" and DAVID E. GUTTMANt 


Abstract A potentially useful method for determining the extent 
to which binding occurs in a protein-small molecule system consists 
of studying the kinetics of dialysis of the small molecule in the 
absence and presence of protein. The kinetics of dialysis of a 
number of compounds, in the absence of protein, was studied in 
some detail in order to characterize the nature of the dialytic 
process and its dependency on experimental variables. It was shown 
that the rate of escape of the small molecule from a dialysis cell was 
a first-order process provided that sink conditions were maintained. 
The influence of such variables as cell size, solution volume, stir- 
ring rates, temperature, pH, ionic strength, and viscosity on the 
rate process was considered and investigated. It was found that 
stirring rate (above a minimum), ionic strength, and viscosity did 
not markedly affect the kinetic picture. Temperature, pH (for 
one compound), the size of the cell, and the volume of solution con- 
tained by the cell did affect the rate of escape. Binding by the 
cellophane membrane was not encountered as a problem with the 
compounds studied. Experimental variables could be readily con- 
trolled to yield reproducible and dependable results. 


Keyphrases [7 Dialysis, dynamic-protein binding 0 Protein bind- 
ing determination-cellophane membrane, dialysis Permeation 
half-lives, apparent-small molecules [7 Temperature, stirring, 
pH-buffer concentration effect-dialysis rate 0 Viscosity effect- 
dialytic rate 0 Ultrafiltration-phenol red-methylcellulose inter- 
action determination 0 UV spectrophotometry-analysis 


A previous report (1) described a potentially useful 
method for studying protein-small molecule interac- 
tions. The technique consisted of determining, as a 
function of time, the escape of the small molecule from 
a dialysis cell, in the presence and absence of protein. 
The report indicated the promise of this approach for 
the rapid and convenient determination of fundamental 
binding parameters. 


The present communication describes studies which 
were conducted to evaluate the influences of experi- 
mental variables which might be encountered in 
utilizing this technique. The effect of temperature, pH, 
viscosity, stirring rate, membrane area, liquid volume 
of the system, and binding of the small molecule by 
the dialysis membrane were considered. 


EXPERIMENTAL 


Materials-Bovine serum albumin (BSA), Fraction V (Calbio- 
chem Laboratories) was used in this study. The 8-nitrotheophylline 
was synthesized according to the procedure reported by Morozo- 
wich (2). Other xanthine derivatives, phenol red, and methyl orange 
were obtained from commercial sources. Regenerated cellulose 
dialysis tubing [Union Carbide No. 20, 02.50 cm. (0.984 in.) flat 
width, with an average pore size of 24 A] was conditioned prior 
to use by rapidly running distilled water through the tubing for 
several hours, with the tubing immersed in distilled water. The 
tubing was stored in distilled water at 2". 


Dynamic Dialysis Studies-The experimental system, the general 
protocol, and the treatment of data were described previously(1). 
Generally the systems were prepared to contain 7 ml. of a solution 
of small molecule in 0.04 M ,  pH 7.3, phosphate buffer, inside a 7- 
cm. long sac prepared from the dialysis tubing. The sac was im- 


mersed in 200 ml. of 0.04 A4, pH 7.3, phosphate buffer contained 
in a water-jacketed beaker, in the manner previously described (1). 
The systems were maintained at 25 f 0.2". The contents of the 
sac were stirred with a twisted glass rod rotated at 125 r.p.m. Stir- 
ring of the external solution was achieved with a magnetic stirring 
bar. At time intervals, 100 ml. of the external solution was removed 
and immediately replaced with 100 ml. of fresh buffer. The con- 
centration of small molecule in the removed sample was deter- 
mined spectrophotometrically and the concentration of small 
molecule in the protein compartment was calculated from a knowl- 
edge of the initial concentration and the total amount of small 
molecule which had appeared in the external solution. During 
the investigation of a particular experimental variable, the remain- 
ing variables were held constant, as described in the conditions for 
the general system. Whenever possible, the order of experiments 
concerned with a particular variable, was selected to evaluate any 
progressive or irreversible effect. 


The influence of temperature on the rate of dialysis of phenol 
red was studied at 25, 10, and 40 =t 0.2", in that order. Excellent 
temperature stability was attained through the use of the water- 
jacketed beakers in combination with a constant-temperature water 
bath and circulator. 


In order to test the effect of stirring the system, the dialysis of 
phenol red was followed under four different conditions of stirring. 
The same dialysis sac was used for the four experiments. At the 
termination of each run the dialysis sac was thoroughly rinsed with 
distilled water. In the initial study, a dialysis sac containing the dye 
was suspended in the external buffer solution. The twisted glass 
rod used to agitate the sac contents, and the magnetic stir bar 
used to stir the external buffer bathing solution, were in place, but 
motionless. In a second study, only the magnetic stir bar was ro- 
tated. The third and fourth studies had external stirring cia the 
magnetic stir bar, and internal stirring at either 125 or 500 r.p.m. 
The internal rate of stirring was controlled with a Servodyne rota- 
tor. 


The influence of viscosity on the rate of dialysis was studied 
using methylcellulose (Fisher-100 cps.) as the viscosity inducing 
agent. Phenol red solutions were prepared at pH 7.3, to contain 0, 
0.032 or 0.064z methylcellulose. The relative viscosities of the 
various phenol red-methylcellulose solutions or phenol red-BSA 
solutions, at pH 7.3 and 25", were determined using a Gilmont 
falling-ball viscometer. 


The effect of pH on dialytic rate was evaluated over a pH range 
of 3-1 1 for 8-nitrotheophylline, caffeine, 8-chlorotheophylline, and 
phenol red, in 0.06 M phosphate buffer. In addition, the dialysis 
of 8-chlorotheophylline was studied at pH 3 in 0.006 M phosphate 
buffer. The same dialysis sac was used for each experimental series 
involving a given small molecule. The pH of each system was main- 
tained by preparing the internal and external solutions at the same 
pH and buffer concentration. The pH values were measured before 
and after each dialysis run and no variation in pH was noted during 
the course of an experiment. 


The influence of the size of the dialysis sac, i.e., the membrane 
area exposed to the external buffer solution, and the influence of the 
volume of the solution both inside the sac and external to the sac, 
were studied in a series ofexperiments conducted with phenol red in 
0.04 M ,  pH 7.3, phosphate buffer, at 25". First, three control runs 
were made in which 7 ml. of phenol red solution was placed into 
each of three, 7-cm. long, dialysis sacs. The sacs were placed into 
200 ml. of pH 7.3 phosphate buffer in the usual manner. The loss of 
phenol red from each of these sacs was followed through about three 
half-lives. For the second portion of this study the sacs were rinsed 
and 6, 5 ,  or 4 ml. of dye solution, of the same concentration as the 
initial control run, was placed into the three sacs and dialyzed. 
The third experimental series involved rinsing the sacs from the pre- 
vious study, placing 7 ml. of phenol red solution into two of the 
sacs, and placing the two sacs into 350 or 500 ml. of pH 7.3 buffer 
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Table I-Summary of Apparent Permeation Half-Lives for 
Various Small Molecules 


~ ~~ 


Apparent 
Permeation 
Half-Life, No. of 


Compound Mol. Wt. m1n.u Trials 


Trypan blue 


Phenol red 
Methyl orange 
Warfarin 
8-Nitro- 


theophylline 
8-Chloro- 


theophylline 
Caffeine 
Salicylic 


acid 


960.83 


354 I37 
327.34 
308.32 


225.17 


214.62 
194.19 


138.13 


No diffusion 
after 2 hr. 


77.1 f 5.6 
51 . O  f 4.0 
67.5 f 6.9 


33.2 i 2.7 


38.2 f 2.1 
31.9 =!= 3 .1 


24.0 


a Values reported are average values i 1 SD. 


solution. The loss of phenol red was again followed. The fourth 
experimental series was conducted to ensure that the sacs had not 
suffered any damage or alteration in dialytic characteristics during 
the course of the first three studies. This study involved repeating 
the control runs in which 7 ml. of phenol red solution was placed 
into the dialysis sacs and the sacs were immersed in 200 ml. of 
buffer. Finally, a portion of each sac was cut off so that instead of 
each being 7 cm. long they were reduced to 6, 5 ,  or 4 cm. The sacs 
were then placed into the three jacketed beakers containing 200 ml. 
of pH 7.3 buffer. A sufficient volume of the phenol red solution was 
added to the sacs to equalize the internal and external liquid levels. 
The final volumes inside the sacs were 5.7, 3.6, and 2.1 ml., re- 
spectively, for the 6-, 5-, and 4-cm. sacs. In addition to these studies, 
a system was also run in which the level of the liquid inside the sac 
exceeded the external liquid level. For this system 10 ml. of the 
phenol red solution was placed into a 10-cm. long dialysis sac and 
the sac was immersed in 425 ml. of buffer. The height of the internal 
liquid extended about 1.5 cm. above the height of the external 
liquid level. Data from this system were compared with data ob- 
tained with the same sac containing only 7 ml. of phenol red solu- 
tion. In the latter system the internal and external liquid levels were 
the same. A final study determined the effect of variation in internal 
liquid volume under conditions of a progressively decreasing in- 
ternal volume during the course of the dialysis. Initially 10 ml. of 
0.44 mg./ml. phenol red-buffer solution, at pH 7.3, was placed into 
a 9-cm. long dialysis sac, and the sac was placed into 500 ml. of 


1 2 3 4 
TIME, hr. 


Figure 1-The itifluence of temperature on the apparent first-order 
escape ofphenol red from the dialysis cell, at pH 7.3. 


Table 11-Summary of Viscosity Determinations for Various BSA 
and Methylcellulose Solutions 


Literature (8) 
Methylcellulose, Relative Rel. Viscosity z BSA, Z Viscosityu for BSAb 


0.0 0.0 1 .ooo - 
- 1.52 1.090 1.06 


0.032 - 1.127 - 
- 3.07 1.170 1.13 


0.064 5.18 1.290 1.23 


a BSA and/or methylcellulose solutions in pH 7.3 phosphate buffer 
at 25". b BSA in pH 6.9 phosphate buffer at 25". 


pH 7.3 buffer. The dialysis was allowed to proceed with sampling of 
the external solution as usual. After approximately 2 hr., 2 ml. of 
the internal solution was withdrawn without replacement. Sam- 
pling of the external solution proceeded for an additional 2 hr., at 
which time 2 ml. was again withdrawn from the internal solution. 
After an additional 2 hr. the sac was removed and washed with 
distilled water. Ten milliliters of a 0.28 mg./ml. phenol red solution 
was then placed into the sac, the sac was immersed in 500 ml. of 
fresh buffer, and the rate of phenol red dialysis was again deter- 
mined for the 10-ml. internal volume system. Thus in these studies 
the internal volume was decreased from 10 to 8 to 6 ml. and then 
restored to 10 ml. 


The influence of the volume of solution in the sac on the rate 
of dialysis of 8-chlorotheophylline was also studied. The investiga- 
tion was conducted by initially placing 10 ml. of 8-chlorotheophyl- 
line in pH 11.0 buffer solution into a 9-cm. sac, and suspending the 
sac in 500 ml. of pH 11.0 buffer. After the dialysis had been followed 
for a period of 1-1.5 hr., 4 ml. of the 8-chlorotheophylline solution 
inside the sac was withdrawn without replacement. The dialysis 
was allowed to proceed for an additional period of time. Thus the 
positioning of the membrane remained undisturbed throughout the 
course of the dialysis. This procedure was repeated at pH 3.0 using 
the same membrane. 


The potential effect of membrane binding of the small molecule 
on the dialytic rate was illustrated by simulating strong membrane 
binding using activated charcoal (Merck, NF Powder). In these 
studies the dialysis of methyl orange in pH 7.3,0.04 M ,  phosphate 
buffer, at 25", was followed in the presence of 7.45 mg. of charcoal 
and in the absence of charcoal. The same dialysis sac was used for 
both experiments. 


Ultrafiltration Studies-Ultrafiltration was employed to measure 
the interaction between phenol red and methylcellulose. Phenol 
red solutions were prepared, in pH 7.3, 0.04 M, phosphate buffer, 
to contain from 0.0-0.09 Z methylcellulose. Ten milliliters of each 


0.02 
1 2 3 


TIME, hr. 


Figure 2-The influence of stirring on the apparent first-order escape 
of phenol red from the dialysis cell, at 25". A, no stirring; U, ex- 
ternal stirring only; 0, internal stirring at 125 r.p.m.; 0, internal 
stirring at 500 r.p.m. 
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Figure >The effect of ciscosiry on the apparent first-order escape 
of phenol red in the presence aiid absence of methylcellulose at p H  
7.3 and 25". Key: A ,  0% nwtliylcelldose: 0, 0 .032z  merhyl- 
cellulose; 0,0.064% methylcellulose. 


solution was placed into 12.5-cm. long, double-walled dialysis 
sacs. The sacs were prepared by partially everting a 25-cm. segment 
of hydrated cellulose dialysis tubing. The sacs were secured in glass 
stoppered centrifuge tubes by means of the excess tubing extending 
out of the mouth of the centrifuge tube. The tubes were centrifuged 
at  2000 r.p.m. for about 5 min. The filtrate, approximately0.2 ml., 
was discarded to minimize error due to moisture initially associated 
with the membrane. The centrifugation was then continued for 
approximately 25 min. to collect an additional 0.5 ml. The filtrate 
and solution inside the sac were analyzed spectrophotometrically to 
obtain the free and total dye concentration, respectively. There was 
no evidence of leakage of the methylcellulose from the sac, as de- 
termined by the colorimetric test of Kanzaki and Berger (3), or of 
significant membrane binding of the phenol red. 


Analytical Methods-The compounds studied were assayed 
spectrophotometrically with a spectrophotometer (Beckman DU) 
equipped with a power source and digital, absorbance read-out 
(Gilford). Concentrations were determined from Beer's law plots 
prepared at appropriate wavelengths and pH's. 


RESULTS AND DISCUSSION 


There are a t  least three mechanisms which have been suggested 
to explain the selective permeability of dialysis membranes (4). 


- 


A 


0.5 1.0 1.5 2.0 
TIME, hr. 


Figure S-The effect of pH and buffer strength on rhe uppareiff first- 
order escape of 8-chlororheophylline at 25". Key: 0, p H  3.0,0.06 M 
buffer;A,pH3.0 ,0 .006Mbuffer;~ ,pH11.0 ,0 .06M buffer. 


Cellophane membranes are generally thought to function on the 
basis of diffusion through pores ( S ) ,  rather than by dissolution in 
the membranes, or some other mechanism. 


Table I indicates the relationships observed between molecular 
weight and the apparent permeation half-lives for the dialysis of a 
variety of small molecules, as determined in the system employed at 
25". The permeation half-life is defined as the time required for the 
total small molecule concentration within the dialysis sac to  
decrease by 50 z. The half-lives were determined from studies 
conducted at  pH 7.0-7.3, with the exception of studies involving 
the xanthines. The dialytic rates of the xanthines studied were 
determined, in separate experiments, t o  be independent of pH. 
As a result, average half-lives for these compounds include data for 
studies conducted over a pH range of 3-1 1 .  


The data in Table I show that the bulky, high molecular weight 
compounds diffuse through the membrane with the most difficulty, 
and the smaller, lower molecular weight xanthines diffuse more 
rapidly, and at  similar rates. Some of the data in Table I conformed 
quite well to the direct relationship between the permeability of 
small molecules through membrane pores and the square root of 
the molecular weight, as suggested by Danielli (6).  Trypan blue, 
phenol red, and warfarin, however, permeated the membrane at 
rates which were considerably slower than would be predicted on 
this basis. These relatively bulky compounds illustrate the :in- 


0.501 


\ 


0 . 0 2 u  
0.5 1.0 1.5 2.0 


TIME, hr. 


Figure &The effecr of pH on the apparent first-order escape of 8- 
riitrotheophylliiieat 25". Key: O , p H 3 . 0 ; 0 , p H  7.0; A ,pH 11.0. 
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0.5 1.5 2.5 


TIME, hr. 


Figure ti-The effect of p H  OIZ the apparent first-order escape of 
phenol red at 25". 
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Figure 7-Efect of liquid volume and membrane area on the apparent 
permeability constant for the dialysis of phenol red at pH 7.3 and 
25 '. 


fluence of molecular volume on membrane permeability, which has 
also been discussed by Danielli (6). 


Osmotic Effect of the Protein-It was not anticipated that there 
would be any dilution of the contents of the dialysis sac due to the 
presence of protein because the protein concentrations were at least 
100 times less than the buffer concentration of 0.04 M which was 
present both inside the dialysis sac and external to it. The lack of 
dilution was verified by determining that solutions of 1.7% BSA 
prepared in pH 7.3, 0.04 M, phosphate buffer, and placed into 
dialysis sacs, showed no change in BSA concentration after several 
hours, when the sacs were placed into the external buffer bathing 
solution. 


TheEffect of Temperature on Rate of Dialysis-Figure I illustrates 
the effect of temperature on the rate of dialysis of phenol red, at 
pH 7.3. The apparent half-life for escape of phenol red from the 
dialysis cell was calculated to be 122.4, 67.8, and 48.6 min. for 
the 10, 25, and 40" systems, respectively. The data were further 
treated utilizing the Arrhenius expression, and the energy of activa- 
tion for the dialysis of phenol red through the cellophane membrane 
was graphically determined to be 5.5 kcal./mole/deg. The results of 
these studies clearly indicate the importance of adequate tempera- 
ture control, in order to preclude any temperature effect on the 
intrinsic dialytic rate of the small molecule through the membrane. 


Influence of Stirring on Rate of Dialysis-The effect of agitation 
on the rate of dialysis through a membrane has been discussed by 
Carr (7). At the initiation of dialysis a concentration gradient for 
the diffusing species exists across the membrane, from a region of 
uniform high diffusate concentration on one side, to a region of zero 
concentration on the other. As the dialysis proceeds there is an 
accumulation of diffusate on one side and a depletion on the other, 
with a resulting marked diminution of the concentration gradient 
across the membrane. Therefore agitation of the solution on each 
side of the membrane tends to homogenize the concentrations of the 
solutions and results in an increase in the rate of dialysis, which is 
proportional to the concentration gradient. 


The dynamic dialysis system allows stirring, both internally via 
a twisted glass rod attached to a variable speed motor, and exter- 
nally by means of a magnetic stir bar. Figure 2 illustrates the effect 
of stirring on the rate of dialysis of phenol red. There was no ap- 
parent difference between an internal stirring rate of 125 and 500 
r.p.m., indicating that no advantage is to be gained by stirring the 
internal solution at other than a moderate sitrring rate. It was inter- 
esting to observe that for the unstirred systems, there was an ini- 
tial rapid rate of dialysis, followed by a significantly slower rate 
which was apparent after approximately 1 hr. This was undoubtedly 
a result of the accumulation and depletion phenomena discusssed 
with respect to the diffusion gradient existing across the membrane. 
In the totally unstirred system it was observed that a visible dif- 
fusion layer developed on the outside of the membrane. 
In view of these results, subsequent dynamic dialysis studies were 


conducted under stirred conditions. The external solution was 
agitated at a relatively constant rate with a magnetic stir bar. The 
contents of the dialysis sac were stirred with a twisted glass rod 
rotated at approximately 125 r.p.m. 


Influence of Viscosity on Rates of Dialysis-The dynamic dialysis 
method for measuring protein-small molecule interactions is de- 
pendent on the assumption that the free, unbound diffusing species 
will dialyze with an identical rate in the presence or absence of 
protein. It was therefore necessary to establish that increased vis- 
cosity of the internal solution, due to the presence of protein, did 
not affect the rate of dialysis. In other words, it was necessary to 
show that in the presence of protein, diffusion through the mem- 
brane rather than diffusion to the membrane was still the rate- 
limiting step. To study the potential effect of viscosity, an agent was 
required which would simulate the viscosity of a protein solution, 
would not bind the diffusing species, and would not diffuse through 
the dialysis membrane. Phenol red was utilized as the small mole- 
cule and methylcellulose was employed in these studies to simulate 
the viscosity of solutions containing protein. 


The relative viscosities of a series of protein-phenol red solutions 
of various BSA concentrations were measured with a Gihnont 
falling-ball viscometer. Other experiments showed that phenol red 
solutions, at 25", containing 0.01-O.07 methylcellulose, in pH 
7.3 buffer, had relative viscosities comparable to  those of 1-5% 
BSA-phenol red solutions, also at pH 7.3 and 25". The relative 
viscosities were calculated as the observed viscosity divided by the 
viscosity of water at the experimental temperature. Table I1 illus- 
trates the relative viscosities obtained for solutions of BSA and 
methylcellulose at various concentrations. In addition, data ob- 
tained by Shikama (8), using an Ostwald-type coil viscometer, are 
given for comparison. 


It was also necessary to show that methylcellulose did not in- 
teract, to a significant degree, with phenol red. The lack of inter- 
action was established through ultrafiltration experiments. The 
results of these studies indicated that a maximum of approximately 
4 % of the phenol red was bound to the methylcellulose, over the 
concentration range studied. This amount was too small to signif- 
icantly affect the rate of phenol red dialysis in the dynamic dialysis 
system. 


The results of the dialysis studies of phenol red at pH 7.3 and 
25", in the presence and absence of methylcellulose, is given in 
Fig. 3. It is apparent that the increased viscosity did not affect 
the rate of dialysis. Thus it may be concluded that increases in 
viscosity due to the presence of at least 5.2 BSA, will not in- 
fluence the rate of dialysis. 


Influence of pH and Buffer Concentration on Rates of Dialysis- 
The effect of pH on dialytic rate was studied to observe whether 
or not the degree of ionization of a diffusing species affected the 
observed rate of dialysis. In addition, it was of interest to  investigate 
the possibility that ionizable groups in the cellophane membrane 
could influence the rate of dialysis of a charged species. It should be 
noted, however, that there is some disagreement in the literature 
(5,9) as to whether charged groups, primarily carboxyl groups, are 
actually present in cellophane. 


The dialysis of 8-nitrotheophylliiie, which has a pKa of 2.11, was 
studied at pH 7.0, 3.0, and 11.0, in that order, with the same di- 
alysis sac utilized for all three experiments. The results are illustrated 


0 . 0 4 k  
1 2 3 4 


TIME, hr. 


Figure &The effect of a pressure head on the apparent Jirst-order 
escape of phenol red, at pH 7.3 and 25". Key: 17, 10 ml. of solution 
inside sac; 0, 7 ml. of solution inside sac. 
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in Fig. 4. It is apparent that the rate of dialysis was constant over 
the wide pH range. In addition to the lack of effect of pH, Fig. 4 
indicates the excellent reproducibility for various experiments con- 
ducted with the same dialysis sac. 


As a further test of the effect of pH on the rate of dialysis, the 
behavior of 8-chlorotheophylline, which has a pKa of 5.28, was 
studied. The investigations were conducted at pH 3.0 and 11.0 in 
0.06 Mphosphate buffer, and at pH 3.0 in 0.006 Mphosphate buffer, 
using the same dialysis sac. The results of these studies are shown 
in Fig. 5 and indicated that the state of ionization of the 8-chloro- 
theophylline and the buffer concentration, within the concentration 
range utilized, did not influence the rate of dialysis. 


The dialysis of caffeine, which is nonionized over the pH range 
of interest, was studied at pH 3.0 and 11.0. The results were identical 
to those obtained for 8-nitrotheophylline and 8-chlorotheophylline 
and showed that the rate of caffeine dialysis was independent of 
pH and highly reproducible for a given membrane. 


Finally, the dialysis of phenol red, at several pH's, was studied 
using the same sac for each pH. This dye was selected because it is 
a dibasic acid with a pK1 < 1 and a pKz = 7.9. The dialysis studies 
were conducted at pH 11.0, 3.0, and 7.9. The order of the experi- 
ments was again chosen to enable the determination of reversibility 
of any observed effect of pH. The results of these studies are shown 
in Fig. 6 ,  and illustrate a definite pH effect. The observed results 
may be rationalized on the basis of an increased effective molecular 
size due to an increased state of hydration of the phenol red as it 
changed from a singly charged to a doubly charged anion. This in- 
crease in effective size may retard passage of the ion either through 
the tortuous pores of the membrane or through a diffusion layer. 
The possibility also exists that the pH affected the ionization of 
groups of the membrane and that these groups are only important 
in retarding the dialysis of a relatively large anionic species such as 
phenol red. 


The primary conclusion to be obtained from these experiments is 
that if protein binding studies are to be conducted at several pH's, 
using the dynamic dialysis technique, it may be necessary to run 
control experiments in the absence of protein at each pH, to es- 
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Figure 9-T/it? inj7uence of changing solution colume, within the dialy- 
sis sac, during the course of phenol red diulysis at p H  7.3 and 25". 
( I ) ,  initiul 10-ml. colinne of the dialysis cell decreased by 2 ml. at 
approximately 2-lir. intercals; ( I I ) ,  colume of ihe dialysis cell re- 
storedto 10 nd. 
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Figure lCLThe effect of 7.45 mg. of cliurcoal on rhe apparent first- 
order escape of methyl orange at p H  7.3 and 25". 


tablish the value for the apparent permeability constant for the small 
molecule. 


Influence of Dialysis Sac Size and Solution Volume on Rates of 
Dialysis-The rate of dialysis would be expected to depend on the 
area of the membrane exposed to the solution of diffusing species. 
It was, therefore, considered important to evaluate the extent to 
which sac size influenced rate of dialysis. In addition, experiments 
were conducted to  determine if the volume of external bathing soh- 
tion could affect the observed rate of dialysis. 


The first experimental series followed phenol red dialysis from 
systems in which the internal volume was 6, 5 ,  or 4 ml. The next 
series utilized an external volume of 350 or 500 ml. of buffer bath- 
ing solution. Finally, the length of the sacs was decreased and the 
phenol red dialysis was followed from sacs which were 6.  5, or 4 
cm. long. In order to evaluate the effects of volume and sac size 
variation, the apparent permeability rate constants obtained from 
the various experiments were divided by the appropriate apparent 
rate constant obtained with the same sac under control conditions. 
This was done to normalize the data so as to correct for variation 
in the intrinsic permeability of each of the three dialysis sacs em- 
ployed in these studies. Control runs were conducted with 7-cm. 
long sacs containing 7 ml. of phenol red solution. The control sacs 
were suspended in 200 ml. of external buffer bathing solution. 


The results of these investigations are illustrated in Fig. 7, where 
the Ke ratio is the apparent permeability constant obtained for a 
given experimental condition, divided by the constant obtained for 
the given membrane in the control study. It is apparent from this 
figure that a decrease in the volume of the liquid inside the sac, or 
decreasing the length of the sac, with a concomitant decrease in 
volume of the internal solution, caused a progressive increase in the 
apparent permeability rate constant, and therefore a progressive 
decrease in the apparent half-life for dialysis. An analysis of these 
results showed that as the ratio of membrane surface area to the 
volume of solution in the sac increased, the apparent permeability 
constant also increased. 


In addition to these studies, a system was also run in which the 
level of the liquid inside the sac exceeded the external liquid level, 
i.e., a pressure head was present inside the sac. The results of this 
study are shown in Fig. 8 and indicate an increase in the apparent 
half-life of dialysis of approximately 50% for the system with the 
smaller surface area-to-liquid volume ratio. 


As a final illustration of the effect of varying the internal liquid 
volume, a system was investigated which involved progressively 
decreasing the internal volume of phenol red solution throughout the 
course of the run. After sampling of the internal solution, without 
replacement, the internal and external liquid levels immediately 
equalized. Thus the area of the membrane exposed to both solutions 
remained relatively constant. The results of this study are illus- 


' 


Vol. 59, No. I ,  January 1970 0 37 







trated in Fig. 9 and clearly demonstrate the previously observed 
increase in rate of dialysis with decrease in internal liquid volume. 
It should be noted that the influence of volume of internal liquid was 
entirely reversible as evidenced by the close agreement between the 
two runs, with 10 ml. of liquid inside the sac, conducted before 
and after the systems involving 8 and 6 ml. of internal liquid. Re- 
sults, analogous to these, were obtained when 8-chlorotheophyl- 
line was employed as the diffusing species at both pH 3 and 11. 


Several explanations may be offered to account for the observed 
behavior. It was noted that as the volume of the liquid inside the 
sac was decreased the sac assumed a semicollapsed state. It is 
possible, therefore, that as the size of the sac was increased for a 
given internal volume, or the volume was decreased for a given size 
sac, the mean distance from the center of the sac to the membrane 
decreased, and this decrease resulted in an increased rate. However, 
this would suggest that diffusion to the membrane was the rate 
limiting step, and since the solutions were stirred inside and outside, 
this explanation seemed unlikely in view of the stirring rateexperi- 
ments. It is possible, however that as the distance between the 
stirring rod and the membrane decreased, more efficient stirring 
resulted and the thickness of the diffusion layer, which may still 
be present under moderate stirring conditions, was reduced and led 
to an enhancement of the diffusion rate. Alternatively, it is possible 
that as the surface-to-volume ratio increased, i.e., as the bag was 
able to assume a somewhat collapsed state, the decrease in tension 
on the sac caused an alteration in the pore structure to one more 
favorable for the passage of the phenol red molecule. This may be 
visualized as either a decrease in the tortuosity ofthe pore, or perhaps 
a realignment of charged groups, which may be present in the mem- 
brane, in the vicinity of the pores. Other workers ( 5 )  have observed 
that changes in the tension on a membrane can have an effect on 
the permeability characteristics of a membrane. While the changes 
in the tension of the membrane, due to the changes in volume of 
the internal solution, are admittedly relatively small, it is conceiv- 
able that they are sufficiently great to cause an alteration in the 
tortuosity or size of the pore. This is more convincing when one 
examines the schematic concept which Mosse (10) has presented 
of the complex and tortuous nature of the pore structure of a cel- 
lulose derivative membrane. As further evidence for this hypothesis 
of variable pore structure, the work of Craig (5) may be cited. He 
studied the rate of diffusion of ribonuclease through cellophane 
casing under various conditions of membrane stretching. A three- 
fold increase, in the apparent half-life observed for ribonuclease 
diffusion with linear stretching of the membrane, was attributed 
to deformation of the pores. The degree of stretching was much 
greater in these studies than in the present investigation. However, 
the results do give some insight into the potential effect of alteration 
of pore structure. 


As a result of these experiments it was concluded that the volume 
of the solution external to the dialysis sac does not affect the rate 
of dialysis of a small molecule from within the sac. However the 
size of the sac and the volume of the diffusate solution within the 
sac can have a significant influence on the rate of dialysis. Fortu- 
nately, when sac size and volume are maintained constant, ex- 
cellent run to run reproducibility can be achieved. 


Binding of Small Molecules by the Dialysis Membrane-Some 
degree of membrane binding of a compound is a frequently ob- 
served occurrence in dialysis studies. If it is extensive, then a cor- 
rection must be applied to account for the amount of small molecule 
which has been bound in this manner. 


If this type of interaction is essentially an adsorption phenomenon, 
then it should be reversible. Ideally the membrane may be considered 
as another binding species and for systems containing protein, the 


membrane may be treated mathematically as though a second protein 
species were present. I f  the preceding concepts of membrane bind- 
ing are correct, then in the absence of protein, a small molecule 
which strongly interacts with the membrane should yield curvature 
in the semilog plot of total drug remaining in a dialysis sac cersus 
time. Thus the possibility of sac binding must be recognized in 
using the dynamic dialysis technique or erroneous characterization 
of protein binding behavior may result. 


If membrane binding is acknowledged to be essentially an adsorp- 
tion phenomenon, then very strong sac binding should be simulated 
by the presence of an adsorbent such as charcoal. Experiments were, 
therefore, conducted to measure the diffusion of methyl orange 
from a dialysis sac, in the presence and absence of 7.45 mg. of 
charcoal. The results of these studies are shown in Fig. 10 and il- 
lustrate the expected result that the presence of the adsorptive 
agent resulted in a nonexponential escape of the methyl orange 
from the dialysis sac. 


Most studies in the literature, involving diffusion of small 
molecules through cellulose dialysis tubing, have reported less 
than lox, and usually negligible membrane binding. Since a 
reasonably strong association between the small molecule and mem- 
brane would be necessary for any significant effect on the kinetics of 
dialysis, it is likely that only in the event of verystrongsac binding 
would the dynamic dialysis method be affected. One means of 
detecting any effect of sac binding would be to observe for curva- 
ture in the semilog plot of total drug concentration remaining in 
the sac cersus time, in the absence of protein. Such curvature was 
never observed for any of the small molecules employed during the 
course of these investigations. 
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Table I-Mannich Bases 


CH2-N- C,H,, 
I 
R 


Yield, -Anal.- 7 


Compound R M.p. z Formula Calcd. Found 


I 


I1 


111 


IV 


V 


VI 


VII 


(3- 
CH3CHz- 


CH3- 


(CH&CH- 


NCCHzCHz- 


HOCHzCHz- 


O C H O H C H , -  


182-183" 


123-1 24 O 


112-1 13 O 


127-128" 


152-1 53 O 


138-139" 


137-138' 


85 


90 


88 


84 


92 


74 


84 


C, 85.67 
H, 8.28 
N, 6.05 
C, 85.25 
H, 7.89 
N, 6.86 
C, 85.24 
H. 7.66 
N: 7.iO 
C, 85.26 
H, 8.11 
N. 6.63 
C.' 83.10 
H; 7.21 
N, 9.69 
C, 82.04 
H, 7.60 
N; 6.60 
C, 83.96 
H, 7.25 
N, 5.59 


C. 85.72 
H; 8.32 
N, 6.18 
C, 85.32 
H, 7.92 
N, 6.69 
C. 85.36 
H; 7.66 
N, 7.09 
C, 85.42 
H, 8.09 
N, 6.42 
C, 83.13 
H, 7.19 
N, 9.48 
C, 82.11 
H, N, 7.65 6.78 


C, 83.92 
H, 7.31 
N, 5.42 


the crystalline product appeared. The product was collected and 
recrystallized from acetone. Each compound gave a negative color 
reaction with p-dimethylaminobenzaldehyde reagent, indicating 
that substitution had occurred at the C-3 position ( 5 ) .  


(4) P. A. Barrett, J. Chem. Soc., 1958, 325. 
( 5 )  D. 0. Holland and J. H. C. Nayler, ibid., 1955, 1657. 
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C O M M U N I C A T I O N S  


Time Integral of Drug Concentration 
in the Central (Plasma) Compartment 


Keyphrases 0 Drug concentration time integral-central compart- 
ment 0 Absorption comparison method-different formulations 


Sir: 
A well-known result in pharmacokinetics is that the 


time integral of the concentration of a drug in the 
central (plasma) compartment is equal to the total 
amount of drug absorbed divided by the product of the 
volume of distribution for the compartment and the 
elimination rate constant. The result is of great practical 
importance in that amounts of drug absorbed from 
different formulations of a drug can be readily coin- 
pared by administering the different formulations to 
the same subject. Standard statistical designs, such as 


balanced incomplete block designs, can thus be em- 
ployed. The result has been proved for one-compartment 
and two-compartment systems under suitable condi- 
tions. The usual procedure has been to obtain an expres- 
sion for the concentration in the central compartment 
(by solving the appropriate differential equations) and 
to integrate this expression over time to obtain the 
stated result. A recent example of this procedure is 
given in Eqs. 1 la  through 14a of Gibaldi et al. (1). The 
purpose of the present note is to show that the result is a 
direct consequence of two basic assumptions and thus 
holds under quite general conditions. In  fact, the present 
proof is implicit in the derivation given for nonintra- 
venous routes of administration in Eq. 22a of the 
reference. 


The two basic assumptions are: 


1. Elimination of the drug takes place only from 
the central compartment, that is, the compartment over 
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which the time integral of concentration can be esti- 
mated by suitable sampling techniques. 


2. Elimination from this compartment is first order. 
Suppose that the amount of drug in the central com- 


partment at any time is X ,  that the volume of distribu- 
tion for the compartment is V,  and that the elimination 
rate constant is k,. Then the rate of elimination is k,X, 
and the amount of drug eliminated between times t and 
( t  + dz) is k,X dt. Consequently the total amount of 
drug absorbed (D)-which must equal the total amount 
eliminated-is given by 


P m  


D = J k,X dt 
0 


Dividing both sides of the equation by k,V and de- 
fining the concentration C as X/V give the required 
result: 


As is clear from its derivation, the result is independent 
of the method of administration of the drug and is true 
for a system comprising any number of compartments 
with any type of transfer between them, provided only 
that the two basic assumptions are true. The same argu- 
ment yields an analogous result for nth-order elimina- 
tion from the central compartment (i.e., rate of elim- 
ination = k,X“ where n # 0). In this case, it is seen 
that 


D/k,V“ = C” dt (Eq. 3) Lm 
(1) M. Gibaldi, R. Nagashima, and G. Levy, J.  Pharm. Sci., 58, 


193( 1969). 
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Acospectoside A I11 : Selective Conversion 
into Acovenoside B Using Snail Enzyme 
with Inhibited Esterase Activity 


glycosides, first advocated by Reichstein et al. (I), is well 
known. In the author’s structural studies (2, 3) on 
acospectoside A (I) (4), the cleavage of the terminal glu- 
cose residue could not be realized using several known 
glucosidase preparations, i.e., emulsin, strophantho- 
biase, P-glucosidase, invertase, taka-diastase, and cellu- 
lase. However, by using the snail enzyme the splitting 
of glucose could be accomplished, though to a small ex- 
tent leading to acovenoside B (11) (5,6) and the hydroly- 
sate contained acobioside A (111) (7) and acovenoside A 
(IV) (5, 6) and glucose as major products. It was 
further shown that I1 and I11 result by cleavage of the 
terminal glucose residue and C-1 ester group, re- 
spectively, while IV results by subsequent hydrolysis of 
I1 and I11 with esterase and P-glucosidase, respectively. 
These and other data enabled the determination of the 
structure of acospectoside A as 1 -0-acetyl-acobioside 


The low yield of I1 may be attributed to the higher 
order of activity of the esterase component, as compared 
to the P-glucosidase component, of the snail enzyme 
preparation. To  secure higher yields of 11, it was 
thought that by blocking the esterase component of the 
mixture the P-glucosidase activity might consequently 
be favored. This was actually realized by “poisoning” 
the esterase component by employing a commercial 
insecticide preparation’ containing 2,2-dichlorovinyl di- 
methyl phosphate (a choline esterase inhibitor) as an 
active ingredient. The result was the formation of aco- 
venoside B (11) as the sole crystalline product in about 
27% yield. The identity of the product was established 
by direct comparison (mixed melting point, TLC, 
paper chromatography, and IR spectra) with an 
authentic sample. 


In natural product studies, the need is frequently 
encountered to effect selectively the cleavage of an ester 
or a glycosidic linkage in the presence of the other. The 
availability of an enzyme preparation, such as that of 
snail, which would effect both, and a method to inhibit 
one and thus promote the other2 have obvious advan- 
tages in structure elucidation work. A recent example 
of the application of the herein reported technique is the 
case of gymnemic acid A, a complex triterpenoid ester 
glucuronoside with reported (9) antisweet and antiviral 
activities, in which Rao and Sinsheimer (10, 1 1 )  induced 
selective sugar cleavage with the snail enzyme without 
affecting the ester groups and thus obtained only one 
product. This stands in contrast to the mixture of at 
least four components obtained earlier by Stocklin 
et al. (12) by treatment of their gymnemic acids with 
snail enzyme. The utility of the method was also tested 
by Rao and Sinsheimer (10, 11) in three other instances, 
gymnemic acids B, C, and D, which again afforded 
single genins designated K, N, and M. 


A (1). 


Keyphrases 0 Acospectoside A, hydrolysis-snail enzyme IJ 
Acovenoside B formation-acospectoside A hydrolysis 0 TLC- 
identity Paper chromatography-identity c] IR spectropho- 
tometry-identity 0 


Sir: 


The use of snail (Helix pornatia) enzyme preparation 
for the hydrolysis of glucose residues in cardenolide 


1 Real-Kill, an insecticide marketed by Real-Kill Products, Division 
of Cook Chemical Co., Kansas City,, Mo., was employed as esterase 
inhibitor. In a typical procedure, a mutture of 75.6 mg. of I, 70 mg., of 
snail enzyme (Helicase, marketed by Industrie Biologique Francaise, 
S. A. Gennevilliers, France), and 0.4 ml. of Real-Kill in 12 ml. of water 
was left with stirring at room temperature for 5 days. 


2Another method has recently been reported (see Reference 8 )  for 
the selective inhibition of the 8-glucosidase activity in the mall enzyme 
which resulted in enhanced esterase activity. The results are being 
separately published. 
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volume of the drug. Under the conditions where shape, size, weight, 
degree of compression, and surface area remain essentially un- 
changed, the above equation reduces to: 


Q = ktl/a (Eq. 2) 
where k is a constant taking account of all the factors held constant 
inEq. 1. 


The percent of SETD released from the tablets after dissolution 
in the acid pepsin medium from all three matrices evaluated in this 
investigation was plotted as a function of square root of time. The 
linear relationship according to Eq. 2 was observed to be valid for a 
few hours where the release was less than 2 z .  After that the dis- 
solution data did not follow this pattern, apparently due to con- 
siderable change in the effective surface area of the tablets. Sim- 
ilarly, the percent of SETD released from the tablets after dissolu- 
tion in alkaline pancreatin medium from all three matrices was 
plotted as a function of square root of time. Likewise, in this 
instance, a deviation from linearity was observed after a few hours 
due to change in effective surface area of the tablets as erosion and 
some dispersion of the tablets occurred. Tablets compressed from 
spray-congealed products containing white wax alone as the matrix 
were observed to be more soluble than the other wax matrices 
employed and, hence, showed more deviation. After 6 hr. of ex- 
posure in the alkaline pancreatin medium, the SETD-white wax 
tablets were about half of the original size. 


Dissolution of SETD from Spray-Congealed SETD-Wax Powders 
versus Dissolution of SETD from Tablett-It would be of interest 
to compare the dissolution of SETD from spray-congealed SETD- 
wax powders to the dissolution of SETD from tablets prepared 
from the same products. Figure 1 shows the percent of SETD- 
released against time from SETD-synthetic waxlike ester-white 
wax, in a 1 to 1 proportion, powder and tablets. It is apparent 
that the magnitude of release of SETD from the powdered forms is 
much greater than that in the tablet dosage form. The compres- 
sional force required in tableting resulted in some fusion, less 
porosity, and more compactness of the particles which seems to be 


responsible for the small amount of SETD release from the tablets. 
Further work on tablets employing spray-congealed products of 


drug in wax matrices with modifier, which are free flowing, suitable 
for direct compression, and which release the active ingredient more 
completely, is presently under investigation. The results of this 
study will be reported separately in a later paper. 
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Fitting a Double-Exponential Curve to Observed Salicylate 
Concentrations in Blood 


F. W. MUELLER and S. V. LIEBERMAN 


Abstract 0 For interpretation of the results of blood concentration 
data to be meaningful, a very careful evaluation of the basic aspects 
of data collection, data description, and analysis is essential. The 
importance of these considerations is illustrated by the magnitude 
of observed differences in rate constants obtained under a variety 
of possible data-handling methods. The method of curve fitting 
presented, which minimizes squared logarithmic deviations, offers 
a different approach by utilizing relative error rather than absolute 
error. If truly equal weights are desired for data points, it is felt 
that this is the more appropriate definition of best fit. In any case, 
no mathematical technique for fitting a model to the data can com- 
pensate for an inadequate description of drug activity. 


Keyphrases 0 Blood concentration data-valuation, basic aspects 
Rate constants4ouble-exponential curve fitting Salicylate 


concentration levels-rate constants, curve fitting, example 


A desire to determine rate constants for drug ab- 
sorption and elimination has resulted in the develop- 
ment of numerous analytical and mathematical tech- 


niques for pharmacokinetic analysis. In recent years, 
the applications of pharmacokinetic analysis have pro- 
gressed rapidly from graphical solutions of concentra- 
tion uersus time plots to computer programs applied to 
increasingly sophisticated mathematical models. The 
latter yield apparent first-order rate constants for 
various processes of distribution and elimination [e.g., 
Levy et al. (1) and Wagner (2) ] .  In many publica- 
tions, the estimated values obtained for the parameters 
of the models have been presented without any indica- 
tion that other values are possible. Where a number of 
apparent first-order rate constants are derived by a 
series of arithmetic manipulations from these estimated 
parameters, any inaccuracy in these estimates will be 
magnified in the subsequent computations. For a given 
set of observations, there are several important sta- 
tistical considerations which merit careful attention be- 
fore beginning the process of fitting a specific model to 
observed data. 
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STATISTICAL CONSIDERATIONS 


An equation, describing the biological system, is used as a model, 
and an iterative curve-fitting procedure is necessary to obtain the 
estimated rate constants. This requires: (a) a selection of a descrip- 
tive statistic for the data, (b) a definition of best fit, and ( c )  a choice 
of the method of deriving the best fit. All three affect the estimated 
equation and, as a result, the conclusions drawn from an evaluation 
of the results. The average is the statistic most frequently used to 
describe concentration levels for a group of individuals. The best 
fit is commonly defined as the curve which minimizes the sum of 
the squared deviations between observed and computed concen- 
trations. Under certain conditions, however, other alternatives are 
equally rational. 


The selection of a statistic should obviously be based upon its 
descriptive quality. Physiological characteristics of individuals 
are such that, many times, salicylate concentration levels at a given 
time are not normally distributed. Consequently, the median of a 
group may be a better choice than the mean. If drug concentrations 
at observed time periods follow the normal or any other symmetric 
distribution, results with mean or median will be very similar. 
As for best fit, either the sum of the squared differences between 
observed and computed concentrations or the sum of the squared 
differences between the logarithms of these concentrations can be 
minimized. Comparisons of these latter differences are equivalent 
to relative percent deviations. Usually, accuracy of analytical 
methods is in terms of percentage error rather than absolute error, 
and a definition of best fit using differences in logarithms may be 
more appropriate. As basic as all these considerations seem, 
very little attention has been given to how they affect results. 
In order to estimate the kinetic rate constants for orally admin- 


istered drugs in tablet form, a biexponential curve-fitting procedure 
was developed for Teorell’s equation 25 (3) for two consecutive 
monomolecular reactions giving the relationship of drug concentra- 
tion in blood with time. Both averages and medians were used in 
fitting, and results based on each of the previously mentioned 
definitions of best fit were compared. The purposes of this paper are: 
to present this fitting procedure; to discuss briefly other available 
methods; and to illustrate the effect of data point selection, the 
definition of best fit, and the descriptive statistic chosen on the 
estimated rate constants. 


METHODS AND DISCUSSION 


The Model-Teorell’s equation 25, describing the kinetics of drug 
appearance in the blood and disappearance from the blood when 
administered other than intravenously, was used : 


(ES. 1) 


where: C = blood drug concentration in mcg./ml.; a0 = dose in 
mg./kg.; Vd = the specific apparent volume of distribution (l./kg.); 
Ka = apparent drug appearance rateconstant in hr.-1; Kd = apparent 
drug disappearance rate constant in hr.-l; t = time after ingestion 
in hours; y = proportionality constant (aJVd); and 6 = Ka - Kd. 
In the manner of Lowenthal and Vitsky (4), rearranging Eq. 1 


gives Eq. 2, 


and taking natural logs of Eq. 2 gives the linear Eq. 3: 


C Y K ~  In ~ = In -- - Kat eat - 1 6 


The Delta Search-A least-squares best fit for Eq. 3 is derived by 
a search of delta (6) values from an initially estimated 6 in steps 
of 0.1. For each delta, a residual sum of squares about the fitted 
line is obtained. Once the direction of delta, from the initial esti- 
mate is determined, the 0.1 increment or decrement is repetitively 
applied for as long as a decrease in variability is observed. When 
an increase occurs, the search step is reduced to 0.005 and the 
value of the delta which gives the best fit is obtained. The absolute 


1 2 3 4  0 
TIME, hr. 


Figure 1-Typical salicylate concentration curve for aspirin, 650 mg. 
(10 gr.). 


value of the slope of the best fit line is the estimated Ka. Subtracting 
6 from Ka yields Kd, and by substituting the Ka and Kd values the 
intercept (In y Ka/6) can be solved for gamma (y). 


Time Axis Intercept-When the dose is administered as tablets, 
a form which does not provide immediate availability of the com- 
plete dose, early moments are not characterized by the first-order 
biexponential model. Instead, a time gap exists between the time 
of administration (time zero) and an extrapolated “kinetic time 
zero,” the time at which the best fitting curve crosses the time axis. 
Termination of the fitting process at time zero assumes that the 
model is immediately applicable upon administration of the drug, 
and that the extrapolated curve should pass through the origin. 
As illustrated by Fig. 1, this is not true. The best fit to the observed 
data is based on a curve passing through the time axis at a point 
greater than zero. 


The next phase of the search is directed toward finding the time 
axis intercept which gives the overall best fit. This is accomplished 
by subtracting a time increment, in this case 1 min., from each of 
the observed time periods, and once again searching for a delta 
to obtain the best fit to the data. The squared deviations for this 
fit and the previous fit are compared. If the current fit is superior, 
an additional time increment is subtracted and the delta search 
is repeated. This is continued until the sum of squared deviations 
for the current fit shows an increase. At this point, 0.5-min. time 
increments are applied, and the estimate of the time axis intercept 
is determined to the nearest half minute (Fig. 2). The search is now 
complete and an optimum Ka, Kd, y ,  and time axis intercept (At) 
are available. 


Best Fit-The procedure just described was designed to obtain a 
best fit by minimizing the sum of squared logarithmic deviations 
between observed and computed concentrations. Three papers, 
Lowenthal and Vitsky (4), Wagner (9, and Wiegand and Sanders 
(6), have presented other mathematical techniques for fitting the 
double-exponential model. All of these published methods are 
designed to obtain a set of constants minimizing the sum of squares 
for deviations between observed and computed concentrations. 


BEST FIT 
-6 L 8 * 2 4 9 0  


KO K( - \  * . 2 6 1 7  1 2 7  


7 = 2 1 3  


\. At = 6 5 MINUTES 


-a At * 6 5  


8 = 2 4 9 0  
- 1 O t l  , I -L 1 I ’  


0 1 2 3 4 5 6 7  
TIME AFTER ADMINISTRATION, hr. 


Figure 2-Illustration of delta search for time axis intercept (At). 
Dafa poinfs are from average salicylate concentration following 650- 
mg. (10-gr.) dose of aspirin. Besf fit results are 6 = 2.490, Ka = 
2.617, Kd = 0 . 1 2 7 , ~  = 27.3,andAt = 6.5. 


1 This computer program will be supplied upon request. 
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Table I-Computed Concentrations (mcg./ml.) from Best Fit Curve 
with and without 10-min. Data Point 


-Buffered Aspirin, 650 mg. (10 gr.)-Averages- 


With 10-min. Observed 1 0-min. 
Excluding 


Time, min. Data Point Average Concn. Data Point 


10 5.87 5.88 7.95 
20 19.21 19.20 19.19 ~~ 


40 25.79 25.63 25.64 
120 23.52 23.45 23.67 
240 18.95 19.58 18.96 
300 17.01 16.64 16.99 


Ka = 5.61 KU = 4.91 
Kd = 0.108 Kd = 0.111 
y = 28.3 y = 28.6 
At = 7.5  Ar = 6 . 0  


Selections of a definition of best fit, of observation times for data 
points, and of a descriptive statistics are, to a degree, a matter of 
choice and certainly subject to more than one opinion. The evalua- 
tion of which method provides the best fit is much more objective. 
For a given definition of best fit, the method can be considered 
correct only if it generates a set of constants meeting the least- 
squares criterion, i.e., minimal residual sum of squares. 


A valid comparison of these methods would require the applica- 
tion of each program to a common set of data. Although this has 
not been done, a general review of these procedures suggests that 
the results would differ. The Lowenthal and Vitsky method uses 
both definitions of best fit during the search for the constants. 
A two-dimensional grid search for Ka and Kd is performed. For 
each Ka and Kd, a gamma to complete the set is computed from the 
intercept of the best fit to the linearized Eq. 3 previously shown. 
The best set of constants is selected on the basis of minimal sum 
of squares of differences in observed and computed concentrations. 
Obtaining gamma by one definition of best fit and the best set by 
the other definition gives a different result than one from a three- 
dimensional search. 


Wagner submits too little detail to evaluate the iterative routine 
for estimating the parameters. Essentially, his procedure yields a 
set of constants, Ka, Kd, A ,  and B which are used to determine 
and At by subsequent computations. The third procedure, proposed 
by Wiegand and Sanders, a modification of an iterative least squares 
by Deming (7), also simultaneously searches for a set of constants 
and should lead to a best fit. Although the time axis intercept can 
be computed by the Wiegand and Sanders procedures, their 
published data are for drug administered in solution with immediate 
application of first-order processes assumed. If, instead of this zero- 
time assumption, an intercept is computed by the delta search 
program, an 8-min. value is obtained with a substantially larger Ka 
providing the best fit. The suitability of assuming a zero-time inter- 
cept and essentially forcing a curve through the origin leads to 
other areas of importance: selection of data time points, limita- 
tions of curve extrapolation, and interpretation of computed rate 
constants. 


Data Point Selection-Curve fitting is undertaken to obtain 
estimated rate constants which offer an adequate description of 
drug activity. It is, therefore, vital that the period of activity be 
sufficiently defined if the resulting constants are to be meaningful. 


0 1  2 3 4 5  
TIME AFTER ADMINISTRATION, hr. 


Figure &Computed biexporzential curves with minimized Z(1n C’ - 
In C)z for 650-mg. (10-gr.) dose of aspirin. Solid line for f i t  to 
averages: Ka = 2.62, Kd = 0.107, y = 25.3, andAt = 8.0. Broken 
line forfit to medians: Ka = 1.68, Kd = 0.160, y = 29.4, and At = 
8.5. 


Selection of time periods, obviously, depends upon the charac- 
teristic curve for the drug. At least two or three time periods on 
the ascending and descending portion of the curve and one point 
near the peak should be selected. To establish the ascending portion 
accurately, the first observation should be taken as early as possible. 
Likewise, the descending portion should be clearly determined by 
later time points. Early observations are extremely critical for rap- 
idly absorbed drugs characterized by a sharp early rise in concen- 
tration. Failure to obtain an early observation often leads to an 
inaccurate computed value for Ka. Under these circumstances, 
Ka will not be representative, and extrapolation of the curve at 
early moments will be misleading. Because of the mutual dependence 
of the constants, inadequate description of any portion of the 
curve can impair the accuracy of all constants. 


Table I provides an example of the effect of inadequately defining 
the early portion of the curve. A best fit was determined for average 
salicylate levels from 650 mg. (10 gr.) of a buffered aspirinmeasured at 
10,20,40,120,240, and 300 min. A best fit for the same data without 
the 10-min. observed average reduced the computed Ka from 5.61 
to 4.91 ; in this case Kd and y were not appreciably changed. The 
observed 10-min. concentration was 5.88 mcg./ml., and the com- 
puted 10-min. level for the fit to all points was 5.87 mcg./ml. 
Removing the 10-min. reading and extrapolating the computed 
curve result in a 10-min. estimated value of 7.95 mcg./ml., a 35% 
deviation from the observed value. 


The descriptive quality of computed constants cannot be sep- 
arated from the careful selection of data points. Drug description 
by pharmacokinetic rate constants is applicable only over the 
period observed. Therefore, the activity period of interest must be 
adequately covered by the observed data. 


Medians and Means-To evaluate differences between fitting 
the model to medians and to means, a set of constants was de- 
termined for each. Salicylate levels for 18 subjects on a 650-mg. 
(10-gr.) dose of buffered aspirin and two separate trials of a 650- 
mg. (10-gr.) dose of commercial aspirin were used. 


The choice of averages or medians is highly dependent upon the 
data. Averages are more stable and, when symmetrical distribu- 
tions of concentrations are observed, deserve preference. Fre- 
quently, however, physiological characteristics of individuals 
are such that salicylate concentrations at early time periods fall 
in nonsymmetrical distributions. A few rapid drug absorbers 
produce averages considerably higher than the medians. Figure 3 
illustrates this situation using salicylate concentrations for a 650-mg. 
(10-gr.) dose of aspirin. The best fit was obtained using the delta 
search. The fit to medians produced a lower Ka and a higher Kd than 
the fit to averages. Becauseof the skewness of the concentration dis- 
tributions at early time periods, choice of the medians in this case 
might be desirable, since it, by definition, represents the middle 
value. 


Table I1 gives the calculated constants and residual sum of 
squares for the best fit for the three sets of data. A comparison of 
sums of squares indicates that two of these three fits to averages 
were better than the corresponding fits to medians. This obviously 
does nor imply that averages should be chosen inasmuch as the 
most representative statistic will not necessarily provide the lowest 
residual sum of squares. 


Weighting of Data Points-Weighting of data points is often 
suggested in pharmacokinetic publications, but weighting factors 
are rarely proposed. Actually, the two definitions of best fit men- 
tioned earlier represent forms of weighting. The best fit definition 
minimizing the sum of squared deviations appears to give equal 
weight to all points, but, to a degree, it is really giving more weight 
to the larger data values. It assumes that the reliability of all points, 
on the basis of absolute error, is the same. Since from an analytical 
point of view it is probably more accurate to  assume that the 
reliability of all points is the same with respect to percentage error, 
minimizing the total squared deviations would give more weight 
to the larger observed values (i.e.,  the middle portion of the curve). 
In contrast, minimizing the sum of squared differences in log- 
arithms, under the assumption of equal absolute error, would 
give more weight to the lower observed values (i.e., the ends of 
the curve). The choice of definition of best fit depends upon which 
viewpoint is more appropriate. Fitting to minimize sum of squares 
of differences gives a curve with greater percentage deviations of 
observed and computed concentrations for the low values. Mini- 
mizing squared differences in logarithms, on the other hand, 
presents a curve with a more uniform allocation of peicent differ- 
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Table 11-Best Fit Kinetic Constants and Residual Sum of Squares [Z(ln C‘ - In C)z] 


_______ Fit to Averages 7 Fit to Medians 7 


Ka Kd Y At ss Ka Kd Y At ss 


Buffered asoirin. 
650 mg. (10 gr.) 5.61 0.108 28.3 7.5 0.001596 5.45 0.110 30.0 8.5 0.005022 


(10 gr.) 2.62 0.127 27.3 6 . 5  0.004740 1.48 0.167 30.7 6.0 0.051946 
Aspirin, 650 mg. 


Aspirin, 650 mg. 
(10gr.) 2.62 0.107 25.3 8.0 0.00538 1 1.68 0.160 29.4 8.5 0.001439 


Table 111-Comparison of Rate Constants for Best Fit 


Minimizing X(C’ - QZ- 7 Minimizing 2(ln C’ - In C)z- 7 


Ku Kd Y At,  min. Ka Kd Y At, min. 


Wagner data (tetracycline) 0.72 0.149 2.65 25.3 0.87 0.132 1.92 27.5 
Lowenthal and Vitsky data 2.07 0.246 63.41 0 1.30 0.452 47.18 0 


Wiegand and Sanders data 2.30 0.254 7.70 0 2.40 0.245 7.54 0 
(aspirin formulation D) 4.36 0.130 53.90 6 .0  (Best fit) 


(HT 1479) 3.26 0.237 7.30 8.0 (Best fit) 


ences of observed and computed values. Table 111 shows the 
results of fitting for each definition of best fit using data from each 
of the previously mentioned publications. 


When choosing a definition of best fit or weighting factors, varia- 
tion in the physiological characteristics among individuals should 
not be confused with the reliability of analytical determinations. 
Greater variation at early time periods of the concentration curve 
does not necessarily mean that the analytical accuracy is poorer 
at these time periods. The inaccuracy of Ka estimates may be 
partially a result of fitting for minimal sum of squared deviations 
or the lack of an early observation, since giving less weight to the 
lower observations or the lack of an early point could create 
greater error in estimating this portion of the curve. Minimizing 
sum of squared differences in logarithms should give more validity 
to the fit at the early and late time periods. 


Other Alternatives-Using individuals or the geometric mean 
can present a problem for the delta search method if any observa- 
tions at the early time period give a zero concentration level. If 
no zero levels are observed, fitting to the geometric means is equiva- 
lent to fitting data groups for individuals when minimizing the sum 
of squares of differences in natural logs. Obtaining a set of con- 
stants for each subject also presents fitting problems when all 
individual curves do not adequately fit the model. Due to the 
mutual dependency of a set of constants, the appropriateness of 
separately obtaining an average or median Ka, Kd, y, and At 
from the group of individual sets must also be considered. 
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the CONH group of polyamide and the sample and adsorption 
or partition between the silica gel and the sample. In the mixed 
layer, polyamide also serves as a strong binder and makes the layer 
very durable and easy to handle. Also the layer did not crack or peel 
and could be stored easily. Both sides of the glass are independent of 
each other andchromatography can be performed simultaneously on 
both sides. The addition of a small amount of salt (about 0.05% so- 
diumchloride or 0.4% ammoniumchloride) in the solvent mixture is 
essential to break hydrogen bonding between the polyamide and the 
dyes. Oil-soluble dyes of yellow AB and yellow OB are rather 
difficult to separate because of the close similarity of their structures 
(different only in one methyl group). The content of polyamide 
(13.6%) in this mixed layer was above that of the previous report 
(12%) (7) in order to obtain a more durable layer. 
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Modified Granuloma Pouch Procedure for the Evaluation 
of Topically Applied Anti-inflammatory Steroids 


G. DiPASQUALE, CHARLES L. RASSAERT, and EDWARD McDOUGALL 


Abstract 0 A laboratory procedure for evaluating topically applied 
anti-inflammatory preparations has been described. A modified 
croton oil-induced granuloma pouch served as the site of drug 
application and also as a physical barrier to avoid drug ingestion. 
Increasing concentrations and/or doses of test compounds are 
correlated with thymolysis, catabolism, and reduced exudate 
formation. The procedure can differentiate steroidal modifications, 
percutaneous absorption, and alterations of the vehicle. However, 
it is difficult to ascertain how much of the action of the test com- 
pound is due to its local and how much to its systemic properties. 
The assay also evaluated test compounds as pharmaceutical prep- 
arations. The order of increasing activity of the test substances 
can be listed as hydrocortisone acetate ( 1  z cream) < methyl- 
prednisolone acetate (0.25 % cream) < betamethasone 17-valerate 
(0.025 cream) < triamcinolone 16,17-acetonide (0.025 % cream) 
< betarnethasone (0.2x cream) < fluocinolone acetonide (0.025 z 
alcoholic gel or cream). 


Keyphrases 0 Steroids, anti-inflammatory-topical activity de- 
termination 0 Granuloma pouch test procedure-topical steroid 
activity 0 Croton oil-air-granuloma pouch formation 


Potential anti-inflammatory substances, topical or 
systemic, have been evaluated in a variety of procedures 
which apparently represent different modes of actions 
and/or different stages of the inflammatory process. 
Some of these procedures include: cotton pellet, gran- 
uloma pouch, paw edema, adjuvant-induced poly- 
arthritis, cell cultures, uncoupling of mitochondria1 
oxidative phosphorylation, plasma protein changes, ear 
test, lung inflammation, and inhibition of erythema 
(1-4). I t  is evident that each test procedure has some 
merit; however, one cannot avoid nor explain dis- 
crepancies which occur between the various animal 
in nitro and clinical procedures. Nevertheless, most 
clinically efficacious drugs are active in most procedures, 
although in some assays a divergence may occur be- 
tween steroidal and nonsteroidal drugs. Avoidance of 


ingestion of topically applied drugs in animals has 
presented some perplexing problems. Alternatives appear 
to introduce other problems; for example the use of oc- 
clusive dressings may alter absorption whereas the 
use of collars and other restraining devices produces 
stress which elaborates endogenous adrenocortico- 
steroids. The use of an air pouch which serves as the 
site of drug application and a physical barrier to avoid 
ingestion has been tried by the authors. They have also 
tried to observe whether or not the modified granuloma 
pouch procedure will distinguish steroidal modifications 
and/or alterations of the vehicle. I t  is known that these 
changes will affect drug absorption, retention, and bio- 
logical activity (5 ,  6). It  should also be mentioned that 
most animal (in uiuo and/or in citro) procedures re- 
quire a solubilized test compound which requires organic 
solvents. The present study also evaluated drugs as 
pharmaceutical preparations. 


MATERIALS AND METHODS 


The method used was a modification of Selye’s procedure (7). 
Male rats weighing 150-170 g. were individually housed and ar- 
ranged in groups as indicated in the tables. The dorsal surface of 
the animal was shaved with animal clippers and the pouches were 
formed with the subcutaneous injection of 25 ml. of air followed 
by an injection of 0.5 ml. of a 1 % solution of croton oil in sesame 
oil directly into the pouch. The test compounds included the com- 
mercial preparations : fluocinolone acetonide (Synalar cream, Syntex 
Laboratories Inc.); betamethasone (Celestone cream, Schering 
Corp.); methylprednisolone acetate (Medrol acetatecream, The Up 
john Co.); triamcinolone 16,17-acetonide (Kenalog cream, E. R. 
Squibb & Sons, Inc.); and also these laboratory preparations: hy- 
drocortisone acetate in a cream base; betamethasone 17-valerate in 
a cream base; triamcinolone in a cream base; triamcinolone 16,17- 
acetonide in a cream base; and fluocinolone acetonide in an alcoholic 
gel base. 
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Table I-Effect of Several Topical Anti-inflammatory Substances in a Modified Granuloma Pouch Procedure 
~ ~ ~ ~ ~ ~ ~~ ~ 


Change 
Daily from 
Cream Control 
Dose, No. Body Wt. Rel. Organ Weights, Cream 


Test mg./ Animal, Change, mg./100 g. Body Wt. f SE Exudate, or Alc. 
Test Preparation, Animal I/F g. f SE Adrenal Thymus ml. f SE Gel, 


1 Alc. gel control 
Fluocinolone acetonide 


(cream base) (0.025) 
Fluocinolone acetonide 


(cream base) (0.025) 
Fluocinolone acetonide 


(cream base) (0.025) 
Fluocinolone acetonide 


(alc. gel 
base) (0.025) 


Fluocinolone acetonide 
(alc. gel 


base) (0.025) 
Fluocinolone acetonide 


(alc. gel 
base) (0.025) 


2 Cream control 
Control (untreated) 
Fluocinolone acetonide 


(cream base) (0.001) 
Fluocinolone acetonide 


(cream base) (0.0025) 
Fluocinolone acetonide 


(cream base) (0.01) 
Fluocinolone acetonide 


(cream base) (0.025) 
Fluocinolone acetonide 


(cream base) (0.001) 
Fluocinolone acetonide 


(cream base) (0.0025) 
Fluocinolone acetonide 


(cream base) (0.01) 
Fluocinolone acetonide 


(cream base) (0.025) 


Hydrocortisone acetate 
(cream base) (1) 


Hydrocortisone acetate 
(cream base) (1) 


Hydrocortisone acetate 
(cream base) (2) 


Hydrocortisone acetate 
(cream base) (2) 


Betamethasone 17-valerate 
(cream base) (0.025) 


Betamethasone 17-valerate 
(cream base) (0.025) 


3 Cream control 


4 Cream control 
Triamcinolone 


Triamcinolone 


Triamcinolone 


Triamcinolone 


Triamcinolone 16,17- 


(cream base) (0.001) 


(cream base) (0.01) 


(cream base) (0.025) 


(cream base) (0.025) 


acetonide 
(cream base) (0.001) 


Triamcinolone 16,17- 
acetonide 
(cream base) (0.01) 


Triamcinolone 16,17- 
acetonide 
(cream base) (0.025) 


acetonide 
(cream base) (0.025) 


Triamcinolone 16,17- 


100 


5 


25 


100 


5 


25 


100 
100 
- 


25 


25 


25 


25 


100 


100 


100 


100 
125 


I25 


250 


125 


250 


125 


250 
100 


100 


100 


25 


100 


100 


100 


25 


100 


20/20 


12/11 


12/12 


12/12 


12/12 


12/11 


12/10 
20/20 
10/10 


10/10 


10/10 


10/9 


10/10 


10/10 


10/10 


10/10 


10/9 
10/10 


10/9 


10/9 


10/10 


10/10 


l o p  


9/9 


10/10 


10/10 


10/10 


10/10 


10/10 


10/9 


10/10 


10/10 


15/15 


63 f 3 . 6  


44 f 4 . P  


14 f 4.1" 


-18 f 3.6a 


-14 f 5.6ab 


- 1 f 4.0nb 


-29 f 2.9'* 
52 f 3.9 
57 f 4.6  


6 0 f  4 .1  


50 f 8.1 


33 f 6.2" 


4 f 4.7a 


43 f 5.2 


37 f 4.4Q 


-13 f 3.4a 


-26 f 3.4" 
55 f 6.7 


34 f 7 . 9  


14 & 4.3n 


23 f 4.9" 


9 f 5.W 


52 f 5.3 


41 f 2.4' 
54 f 5.4 


45 & 4.9 


50 f 7 . 3  


47 =k 6.2 


52 f 5.4  


42 f 5.5 


29 f 3.6" 


33 + 8.IG 


4 f 4 . Y  


21 .o f 0.8  


19.2 f 0.6  


21.8 f 1 . 6  


21.6 f 0 . 7  


19.9 i 0 . 9  


20.9 f 1.1 


22.6 f 1.3  
19.3 f 0.5 
18.2 & 0 .5  


18.6 f 0 . 7  


18.8 f 1.2  


16.4 f 0 . 4 ~  


17.2 f 0.6a 


19.7 f 1 . 2  


18.1 f 0 . 4  


17.5 f 0.8  


16.3 + 0.9a 
17.7 f 0 . 7  


16.2 f 1.1 


16.4 f 0.9  


18.1 f 1.0  


16.9 f 1.3 


17.0 f 0 . 7  


19.2 f 0 . 7  
23.2 f 0.8 


23.6 f 0.7 


22.0 f 0 . 7  


22.8 f 1.2  


20.8 + 0.9  


24.0 f 1 . O  


20.5 f 1.0 


22.5 f 1 . 0  


21.9 f 0.9  


205 f 8.3 


144 f 13.1D 


16.7 f 2.1 


14.9 f 2.7 


54 f 6.70 5.8 f 0.9" 


31 f 1.7a 1 . 6  f 0.6" 


67 f 9.1Rb 7 . 4 f  1.2Qb 


28 f 2 . P b  4 . 2 f  1.0" 


3 0 i  5.08 
186 f 10.3 
211 f 16.9 


211 f 15.4 


167 f 18.5 


106 f 1 0 . P  


39.5 f 4.2a 


186 i 19.5 


130 f 19.8 


31 f 2. lY 


30 f 2.0a 
239 f 11.9 


115 f 10.3a 


72 f 8.6a 


89 f 13.6a 


52 f 3.4a 


182 f 12.9" 


188 f 11.7" 
2 0 0 f  7 .7  


183 f 10.9 


187 f 15.6 


189 f 10.6 


151 f 10.6O 


0 . 8  f 0.2a 
20.0 f 2.6  
19.6 f 3.3 


19.0 f 2.1 


22.4 f 5.0  


15.0 f 3.5  


7.0 f 1.8a 


18.0 f 2.8 


14.9 f 1.9  


2.8 3~ 0.7" 


0.8 f 0.2" 
13.0 f 1 . 6  


8.1 i 1.5= 


4.4  f 1.4" 


8.0 f 0.9" 


3.5 f 1.6" 


14.2 f 3.1 


7.6 f 0.8" 
21.3 f 2 . 5  


21.0 f 3.1 


17.2 f 3.1 


18.6 f 3.2 


21.6 f 3 . 4  


192 f 13.8 15.0 f 2.5 


96 f l l . l a  20.5 f 1 . 0  


128 f 16.Y 17.8 f 2.7 


46 f 4.1n 9.7 f 1.6& 


- 


-11 


- 65" 


- 90" 


- 56' 


- 75" 


- 95a 
- 


- 


-2 


+I2 


- 25 


- 65" 


- 10 


- 25 


- 86a 


- 96. 
- 


- 34Q 


- 66" 


- 35Q 


- 73" 


+9 


- 42a 
- 


-1 


- 19 


-13 


+1 


- 30 


-4 


- 16 


- 55a 
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Table I-(Continued) 


Change 
Daily from 
Cream Control 
Dose, NO. Body Wt. Rel. Organ Weights, Cream 


Test mg./ Animal, Change, mg./100 g. Body Wt. f SE Exudate, or Alc. 
Test Preparation, % Animal I/F g. f SE Adrenal Thymus ml. i SE Gel, 


Triamcinolone 
acetonideC (0.025) 100 10/10 5 f 6 . 6 ~  20.5 f 1.6 59 f 9.6" 10.3 f 1.7" - 52a 


5 Cream control 125 19/19 55 f 2.9 20.5 f 0.7 215 f 10.5 18.2 zI= 2.2 - 
Methylprednisolone 


acetate 
(cream base) (0.25) 125 10/10 25 f 3 . Y  18.3 f 0 . 8  117 f 22.7a 4.2 f- l.Oa - 53" 


(cream base) (0.2) 125 10/10 -25 f 2.7a 19.3 f 1.7 33 =t 3.0" 0 . 6 f  0.1" - 1005 
Betamet hasone 


I = Initial number. F = Final number, Significantly different from cream control of alcoholic gel, p < 0.05. b Significantly different from cor- 
responding cream base preparation (Test 2). c Kenalog. 


The control creams' and the test compounds in either creams or 
alcoholic gelZ were applied topically to the surface of the pouch 
and spread evenly over a controlled area (35 mm. diameter) daily 
for 8 days starting on Day 2. 


On Day 4, all the pouches were reshaved and slightly reinflated 
to original turgidity and 0.5 ml. of a 3 2  croton oil solution was 
injected directly into the pouch. All the animals were killed on Day 
10 and the exudate volume was measured. The final body weights 
and adrenal and thymus weights were also recorded. The groups and 
their respective treatments are described in the tables. The signif- 
icance between the control and treated groups was estimated by 
determining the standard error of the means and application of 
Student's I test. 


RESULTS 


Topically applied fluocinolone acetonide-alcoholic gel base 
(0.025 %)at 5 mg.Janimal/day significantly inhibited thymus weights 
and the normal rate of body weight gain. On the other hand, 25 and 
100 mg./animal/day signifi.cantly decreased exudate formation, thy- 
mus weights, and the normal rates of bodyweight gain. Thecompari- 
son of fluocinolone acetonide in an alcoholic gel vehicle (0.025 %) 
with fluocinolone acetonide in a cream vehicle (0.025z) indicates 
that although the latter also inhibited the same parameters, the 
former is more active in all the test parameters. Application of vari- 
ous concentrations of fluocinolone acetonide or various amounts of 
the cream preparations indicates that a dose-related response is ob- 
tained with fluocinolone acetonide. The biological activity is directly 
related to the amount of steroid and not to the quantity of the cream 
preparation applied (Test 2, Table I). Creams, which contained 
1 or 2% hydrocortisone acetate when administered at 250 mg./ 
animal/day significantly reduced exudate formation, thymus 
weights, and the body weight gain. At 125 mg./animal/day, both 
concentrations inhibited only the thymus weights and exudate 
formation whereas the 2 2  concentration also inhibited the body 
weight gain. It should be noted that the adrenal weights appeared 
to be the least sensitive test parameter and no dose-related response 
was evident. 


It is also interesting to note that triamcinolone cream (0.025z) 
at 100 mg./animal/day significantly inhibited the thymus weight 
whereas triamcinolone 16,17-acetonide cream (0.025 %) at all dose 
schedules inhibited the thymus weights and the body weight gain. 
Similarly, triamcinolone 16,17-acetonide (0.025 %) at 100 mg./ 
animal/day inhibited exudate formation. At equivalent concentra- 
tions the laboratory prepared triamcinolone 16,17-acetonide cream 
base was comparable to the commercially obtained preparation 
(Kenalog, 0.025 2). Methylprednisolone acetate cream (0.25 %) 
at 125 mg./animal/day had a similar activity whereas betamethasone 
cream (0.2%) caused a further reduction of the normal rate of 


'The  laboratorv creams were nreoared to be similar to that em- . .  
ployed i n  Synalar cream. 


* Contains Carbopol (I  .75 %), diisopropanolamine (0.18 %), methyl- 
paraben (0 .2z) ,  propyleneglycol ( 5  %), alcohol (40%), and water 
(52.87 Z). 


body weight gain, thymus weight, and exudate formation. Beta- 
methasone 17-valerate (0.025 %) at 250 mg./animal/day significantly 
inhibited exudate formation, the body weight gain, and the thymus 
weights. At one-half the dose, only the thymus weights were in- 
hibited. 


CONCLUSIONS 


The test procedure is capable of evaluating topically applied 
anti-inflammatory preparations and apparently percutaneous 
absorption. It should be mentioned that although the air pouch 
makes the test substances inaccessible to licking and cleaning, one 
cannot exclude the possibility that the rat may rub the air pouch 
and the test compound onto the top of the cage and then lick or 
ingest the steroids. However, this does not appear to be an im- 
portant factor since the larger cream doses would have been more 
accessible for ingestion and yet one observes that the biological 
activity is related to the amount of active ingredient and not to the 
amount of the cream base applied. As with all other local/topical 
anti-inflammatory assays, it is difficult to ascertain how much of 
the action of the test compound is due to its local and how much 
to its systemic properties since the anti-inflammatory effect is 
usually associated with thymolysis and a reduced rate of body 
weight gain. 


Katz and Shaikh (8) indicated that the relative percutaneous 
absorption produced by the molecular modification of corticoste- 
roids is related to  changes in solubility and partition coefficient. 
The physical properties of the vehicle also influence percutaneous 
absorption and biological activity (9, 10). It should also be kept in 
mind that the biological activity is also dependent upon many other 
factors such as plasma protein binding, receptor specificity, rate of 
metabolic transformation or inaction, and tissue retention subse- 
quent to absorption to produce a more efficient local therapeutic 
action (8-10). The results demonstrate that an alcoholic gel vehicle 
for fluocinolone acetonide or the addition of 16,17-acetonide to  
triamcinolone enhances the biological activity when compared, 
respectively, to the fluocinolone acetonide cream or the triamcino- 
lone cream. It appears that the alcoholic gel vehicle (fluocinolone 
acetonide) increases percutaneous absorption as indicated by the 
greater effect on the body weight and thymus weights. The correla- 
tion between biological activity and drug penetration was pre- 
viously shown clinically where commercially available drugs were 
reported to be more active when applied to abraded skin or under 
occlusive dressing (5 ,  6, 11, 12), 


The molecular modification of the test compound such as the 
formation of the acetonide apparently also leads to an enhanced 
percutaneous absorption. McKenzie (6) indicated that the addition 
of a 16,17-acetonide to specifi-c steroids promotes a greater rat 
skin penetration and that the acetate is also better absorbed than the 
parent alcohol. The authors also observed that triamcinolone 16,17- 
acetonide cream base is more active in all the test parameters than 
triamcinolone, and the laboratory preparation is comparable to 
commercially obtained triamcinolone 16,17-acetonide (Kenalog). 
Similarly, commercially obtained methylprednisolone acetate and 
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betamethasone also inhibited exudate formation, body weight gain, 
and the thymus weights. It is difficult to obtain a relative activity 
of betamethasone since the concentration used was high and may 
represent a maximum response. 


Unlike clinical observations of topical activity in dermatologic 
diseases (1 3-1 5 )  in which betamethasone 17-valerate is generally 
described as comparable to fluocinolone acetonide, the authors’ 
test procedure indicates that fluocinolone acetonide is more active. 
An attempt to grade the order of activity from the experimental 
results indicates that fluocinolone acetonide (0.025 %) > betameth- 
asone (0.273 > triamcinolone 16,17-acetonide (0.025%) > 
betamethasone 17-valerate (0.025 %) > methylprednisolone acetate 
(0.25%) > hydrocortisone acetate (1.0%). This order of decreasing 
activity is closely related to that described by others (16, 17). Sim- 
ilarly, one may also correlate steroidal modifications such as the 
addition of A1, 6-methyl,6-fluoro, 9-fluoro, 6,9-difluoro, 16-methy1, 
and 16,17-acetonide to the increasing order of biological activity ( 5 ,  
16, 18, 19). 


In conclusion, the modified granuloma pouch procedure not 
only serves as a site for drug application but is also useful for the 
evaluation of commercially available corticosteroids. The assay 
can also distinguish structural modifications and alteration of the 
vehicle. However, these changes did not always reflect potency 
differences observed in the clinic. 
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Gas-Liquid Chromatography of Salicylate Metabolites 
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Abstract 0 A gas-liquid chromatographic separation of the methyl 
ester-methyl ether derivatives of acetylsalicylic acid, salicylic acid. 
2,3-dihydroxybenzoic acid, 2,5-dihydroxybenzoic acid, and 2,3,4- 
trihydroxybenzoic acid is described. Separations were carried out 
at 155” on a column packed with 5 SE-30 on diatomaceous earth. 
A hydrogen-flame ionization detector was used. 


Keyphrases 0 Salicylate metabolites-separation, determination 
Column chromatography-separation GLC-analysis 


It was decided to develop a gas-liquid chromato- 
graphic technique, for possible use by the authors and 
others, which would effect the separation and identifica- 
tion of acetylsalicylic acid, salicylic acid, 2,3-dihy- 
droxybenzoic acid, 2,5-dihydroxybenzoic acid, and 
2,3,4-trihydroxybenzoic acid. Horning et al. ( 1 )  report 
retention times for trimethylsilylether (TMS)-methyl 
ester derivatives of acetylsalicylic acid, salicylic acid, 
gentisic acid (2,5-dihydroxybenzoic acid), and salicyl- 
uric acid, but they do not mention either 2,3-dihy- 
droxybenzoic acid, or 2,3,5-trihydroxybenzoic acid. 
Williams (2) reports retention times for methyl ester 
and methyl ester-methyl ether derivatives of several 
dihydroxybenzoic acids including 2,3- and 2,5-di- 
hydroxybenzoic acids but he presents no data for 
acetylsalicylic acid, salicylic acid, or 2,3,5-trihydroxy- 


Table I-Relative Retention Times 


Methyl Ester-Methyl Ether 
Derivative of Relative Retention Time 


Benzoic acid (internal standard) - 1 .ma 
Salicylic acid 1.240 2.12 
Acetylsalicylic acid - 2.91 
2,5-Dihydroxybenzoic acid - 3.37 
2,3-Dihydroxybenzoic acid - 3.91 
2,3,4-Trihydroxybenzoic acid - 8.43 


a Retention time = 1.026 min. 


benzoic acid. The following technique will effectively 
separate acetylsalicylic acid from its hydroxy metabo- 
lites. 


MATERIALS AND METHODS 


Identity of the individual compounds used was established by 
melting point. 


An ethereal alcoholic solution of diazomethane was prepared by 
reacting an ethereal solution of N-methyl-N-ni troso-p-toluenesulfon- 
amide with ethanolic potassium hydroxide in a distilling apparatus 
(3). The resulting ethereal distillate contained approximately 3 g. 
of diazomethane. 


The methyl ester-methyl ether derivatives of the respective com- 
pounds were prepared as follows. Approximately 0.25 g. of each 
compound was dissolved in a minimum amount of absolute ethanol. 
Ethereal diazomethane was added dropwise until a yellow color 
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betamethasone also inhibited exudate formation, body weight gain, 
and the thymus weights. It is difficult to obtain a relative activity 
of betamethasone since the concentration used was high and may 
represent a maximum response. 
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can also distinguish structural modifications and alteration of the 
vehicle. However, these changes did not always reflect potency 
differences observed in the clinic. 
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Abstract 0 A gas-liquid chromatographic separation of the methyl 
ester-methyl ether derivatives of acetylsalicylic acid, salicylic acid. 
2,3-dihydroxybenzoic acid, 2,5-dihydroxybenzoic acid, and 2,3,4- 
trihydroxybenzoic acid is described. Separations were carried out 
at 155” on a column packed with 5 SE-30 on diatomaceous earth. 
A hydrogen-flame ionization detector was used. 
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It was decided to develop a gas-liquid chromato- 
graphic technique, for possible use by the authors and 
others, which would effect the separation and identifica- 
tion of acetylsalicylic acid, salicylic acid, 2,3-dihy- 
droxybenzoic acid, 2,5-dihydroxybenzoic acid, and 
2,3,4-trihydroxybenzoic acid. Horning et al. ( 1 )  report 
retention times for trimethylsilylether (TMS)-methyl 
ester derivatives of acetylsalicylic acid, salicylic acid, 
gentisic acid (2,5-dihydroxybenzoic acid), and salicyl- 
uric acid, but they do not mention either 2,3-dihy- 
droxybenzoic acid, or 2,3,5-trihydroxybenzoic acid. 
Williams (2) reports retention times for methyl ester 
and methyl ester-methyl ether derivatives of several 
dihydroxybenzoic acids including 2,3- and 2,5-di- 
hydroxybenzoic acids but he presents no data for 
acetylsalicylic acid, salicylic acid, or 2,3,5-trihydroxy- 
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benzoic acid. The following technique will effectively 
separate acetylsalicylic acid from its hydroxy metabo- 
lites. 


MATERIALS AND METHODS 


Identity of the individual compounds used was established by 
melting point. 


An ethereal alcoholic solution of diazomethane was prepared by 
reacting an ethereal solution of N-methyl-N-ni troso-p-toluenesulfon- 
amide with ethanolic potassium hydroxide in a distilling apparatus 
(3). The resulting ethereal distillate contained approximately 3 g. 
of diazomethane. 


The methyl ester-methyl ether derivatives of the respective com- 
pounds were prepared as follows. Approximately 0.25 g. of each 
compound was dissolved in a minimum amount of absolute ethanol. 
Ethereal diazomethane was added dropwise until a yellow color 
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TIME 
Figure 1-Gas chromatograph showing: (1)  solvent peak; deriDatiues 
of; (2) benzoic ucid; (3 and 4) salicylic acid: ( 5 )  acetylsulicylic acid: 
(6) 2,5-dihydroxybenzoic acid; (7)  2,3-dihydroxybenzoic ucid; and 
(8) 2,3,4-trihydroxybenzoic acid. 


persisted, after which approximately a 20% excess by volume of 
ethereal diazomethane was added. The reactions were allowed to 
proceed at room temperature for 48 hr. in stoppered flasks. Ad- 
ditional ethereal diazomethane was added periodically if the result- 
ing solutions became clear. After the reaction was completed, the 
solvent was evaporated at room temperature under a stream of dry 
nitrogen. The residual yellow viscous methyl ester-methyl ether 
derivatives were transferred quantitatively to 10-ml. volumetric 
flasks and brought to volume with pyridine. 


An Aerograph 200, model 20418 (Wilkens Instrument and Re- 
search Inc., Walnut Creek, Calif.) equipped with a hydrogen-flame 


ionization detection system was used. Separations were carried out 
at 155" with a 1.524 m. ( 5  ft.) X I .75 mm. i.d. stainless steel column 
packed with 5 %  SE-30 on diatomaceous earth' 60-80 mesh. In- 
jector and detector temperatures were maintained at 205". The 
helium carrier gas flow rate was 25 ml. per minute and the hydrogen 
pressure was maintained at 10 p.s.i. 


RESULTS AND DISCUSSION 


The relative retention times of the respective derivatives, as com- 
pared with the retention time of the methyl ester of benzoic acid, 
are reported in Table I. Figure 1 represents a chromatograph of a 
mixture of the respective compounds. Salicylic acid yielded two 
peaks with the same relative retention times following three separate 
derivative preparations. The purity of the salicylic acid was con- 
firmed by TLC. 2,3,4-Trihydroxybenzoic acid was used as a model 
for the behavior of the 2,3,5-trihydroxybenzoic acid metabolite. 
It is not unreasonable to assume that the two compounds would 
demonstrate similar behavior toward the GLC system used. Since 
the retention time of the trihydroxy derivative is much longer than 
any of the other hydroxy derivatives, one would not expect the 
2,3,5-trihydroxy metabolite to interfere with the analysis of the 
other compounds. The derivatives were found to be stable for a 
period of several weeks when stored at 4". 
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New Synthesis of rac. Anhalonidine and rac. Pellotine 


M. TAKIDO, K. L. KHANNA, and A. G. PAUL 


Abstract 0 A new synthesis of rac. anhalonidine and ruc. pellotine 
is reported. The procedure, a modification of the method of Bobbitt 
et ul. (5) for the synthesis of 1,2,3,4-tetrahydroisoquinolines, is 
simpler and gives better yields than those previously reported. 
Keyphrases 0 Anhalonidine, racemic-synthesis 0 Pellotine, 
racemic-synthesis 0 IR spectrophotometry-structure 0 NMR 
spectroscopy-structure 


The need for quantities of anhalonidine and pel- 
lotine for use in the biosynthesis of the peyote alkaloids 
and the inability to obtain them commercially or in 
sufficient quantities from the peyote cactus required 


that they be synthesized. Reported syntheses (1-4) are 
either lengthy or the yields are low. The method of 
Bobbitt et al. (5) for the synthesis of related tetrahydro- 
isoquinolines was modified for the synthesis of these 
alkaloids as shown in Fig. 1. 


3,4-Dimethoxygalloacetophenone (I), prepared by 
the method of David and Kostanecki (6) ,  was condensed 
with aminoacetaldehyde diethylacetal to give Schiffs 
base (11) which was conveniently reduced at room 
temperature with sodium borohydride to yield N-[2- 
(3 f y 4 f  - dimethoxy- 2' - hydroxyphenyl)ethyl]aminoacetal- 
dehyde diethylacetal (111). Compound 111 was cyclized 
in 8 N HC1 at room temperature to yield 4,8-dihy- 
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Dynamic Dialysis as a Method for Studying Protein Binding 11: 
Evaluation of the Method with a Number of Binding Systems 


MARVIN C. MEYER* and DAVID E. GUTTMAN'! 


Abstract 0 A method for determining the concentrations of un- 
bound and bound small molecule in a protein solution is de- 
scribed, based on the fact that the rate of disappearance of small 
molecule from a dialysis cell is proportional to the concentration 
of the unbound species. Curves describing the kinetics of dialysis 
for 8-nitrotheophylline, 8-chlorotheophylline, caffeine, warfarin, 
methyl orange, and phenol red in the presence and absence of 
albumin were obtained and analyzed to yield estimates of unbound 
and bound forms of the compounds. The data were treated by means 
of Scatchard plots to provide values for the binding parameters, I I  


and K. The values were found to be in agreement with those reported 
in the literature and/or determined by independent methods. The 
ease of application and merits of the method were demonstrated 
by a comprehensive study of the influence of pH on the binding 
of 8-nitrotheophylline by bovine serum albumin. Utilization of 
the method for the study of competitive inhibition of protein 
binding was also illustrated. 


Keyphrases 0 Dialysis, dynamic-protein binding determination 0 
Small molecule binding-protein 0 Protein binding--competitive 
inhibition, drugs Kinetic equations--dialysis, small molecules 0 
pH binding profile, small molecule-kinetics UV spectro- 
p hotometry-analysis 


Previous reports in this series (1, 2 )  have described in 
detail a new method for the determination of the degree 
of interaction between proteins and small molecules. 
The method is based on the fact that the rate of dis- 
appearance of small molecule from a dialysis cell is 
proportional to the concentration of the unbound 
species. The influence of experimental variables such 
as pH, temperature, stirring rate, viscosity, size of the 
membrane, volumes of liquid within the system, and 
membrane binding of the small molecule have been 
previously considered (2). 


The present communication describes a series of 
studies designed to further evaluate the dynamic 
dialysis method as a technique to quantitate protein 
binding systems, and to obtain values for the funda- 
mental binding parameters of n (the number of binding 
sites involved in the interaction) and K (the intrinsic 
association constant characterizing the interaction). 
The method was also applied to the comprehensive 
determination of the effect of pH on the interaction 
between 8-nitrotheophylline and bovine serum albumin 
over a wide range of pH. Studies were also conducted 
to demonstrate the potential of the dynamic dialysis 
method for the study of competitive inhibition of protein 
binding. 


EXPERIMENTAL 


Materials-Human serum albumin, (HSA) Fraction V, (Cal- 
biochem), was used in this study. Warfarin sodium (Endo Labora- 
tories) was used, and the remainder of the materials utilized in the 
study have been previously described (2). 


Dynamic Dialysis Studies of Protein Binding-The protocol for 
the dynamic dialysis system and the treatment and interpretation of 


data have been discussed previously (1,  2) .  The method was em- 
ployed to assess the binding of phenol red, warfarin, caffeine, 8- 
chlorotheophylline, 8-nitrotheophvlline, salicylate, and methyl 
orange by bovine serum albumin (BSA). Initially, 7 ml. of a control 
solution, prepared to contain the given small molecule in 0.04 M 
phosphate buffer at an appropriate pH. was placed into a 7-cm. 
long dialysis sac. The sac was then immersed in the buffer bathing 
solution of 0.04 M, phosphate buffer. The system was maintained 
at 25 =t 0.2". Each control dialysis was followed for about 2 hr., 
and the results were used to calculate the apparent permeability 
rate constant characterizing the escape of small molecule from each 
sac. The sac was then rinsed thoroughly with distilled water and 
blotted with tissue to remove excess moisture. Seven milliliters of a 
small molecule-protein solution, prepared in 0.04 M buffer at the 
same pH as the control, was then introduced into the sac. The sac 
was placed into fresh buffer bathing solution and the dialysis of the 
small molecule from the protein compartment was followed for 
5 to 9 hr. The frequency at which 100-ml. samples were removed 
from the external solution and replaced with fresh buffer solution 
was dictated by the need to maintain sink conditions, and by the 
sensitivity of the assay method for the particular small molecule. 
It was observed from preliminary experiments that sink conditions 
were approximated if the concentration of small molecule in the 
external solution was not allowed to exceed one-tenth of that un- 
bound in the internal solution. At the termination of a run, the 
internal solution was sampled and analyzed for small molecule 
content. The binding parameters obtained from the dynamic 
dialysis studies were then compared with values obtained by 
alternate approaches such as equilibrium dialysis or ultrafiltration, 
and/or with literature values. 


For the study of the influence of pH on the interaction between 
BSA and 8-nitrotheophylline, three separate experimental systems 
could be conveniently run at one time, each maintained at a different 
pH. For these determinations, a series of solutions were prepared 
containing 8-nitrotheophylline in the presence and absence of 
BSA. The solutions covered a pH range of 3.e10.9, in 0.04 M 
phosphate buffer. The protein systems contained approximately 
0.75 BSA. The external buffer bathing solution was also prepared 
at the same pH and buffer concentration as the internal solution. 
The dialysis was followed for a sufficient period of time to fully 
characterize the kinetics of each system. The pH's of the internal 
and external solutions were redetermined at the termination of each 
experimental run and were found not to have changed. 


Data Treatment-Kinetic curves for each system investigated 
were analyzed by the previously reported method (1). The data 
treatment yielded values for the concentrations of unbound (Dj) 
and bound (DI,) species, for a number of different total small 
molecule concentrations (DJ. Results were displayed in the form of 
Scatchard plots where ;/(Of) (P = moles of small molecule bound 
per mole of protein) was plotted as a function of i.. Values of the 
binding parameters (n's and K's) were estimated by fitting the data, 
with the aid of a nonlinear regression computer program,' to the 
generalized binding expression given in Eq. 1 .  


Two classes of binding sites were assumed if the experimentally 
determined Scatchard plot exhibited curvature (3). In this report 
experimental data are indicated in the Scatchard plots by points 
while solid lines represent behavior predicted on the basis of 
computed n and K values. 


~ ~~ ~ 
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Table I-Summary of the Binding Constants for the Interaction of Various Small Molecules with BSA at pH 7-7.3 and 25" 


Compound Source of Constants nIa 172 Kib Kz 


1.97 x 103 Phenol red Experimental:ultrafiltration and 1 6 1 .74  x 105 


Literature: ultrafiltration (15) 1 6 1.10 x 105 1.20 x 1 0 3  
Methyl orange Experimental : dynamic dialysis 22 - 2.08 x 1 0 3  - 


Literature: equil. dialysis ( 5 )  22 - 2.27 x 103 - 
Literature: equil. dialysis (16) 16 - 3.80 X lo3 - 


Warfarin Experimental: ultrafiltration and 1 6 6.24 X lo6 2.61 x 103 


Caffeine Experimental : dynamic dialysis 1 - 1.02 x 103 - 
Literature: equil. dialysis-9' (7) 1 - 1.68 x 1 0 3  - 


8-Nitrotheophylline Experimental : dynamic dialysis I 4 2.34 x 105 2.53 x 1 0 3  
Literature: equil. dialysis (pH 1 2 2.64 x 105 1.27 x 103 


8-Chlorotheophylline Experimental: dynamic dialysis 1 4 2.16 X lo5 1.47 x 103 
Literature: equil. dialysis (pH 1 2 3.07 x 105 1.10 x 103 


Salicylic acid Experimental: dynamic dialysis 1 5 2.00 x 105 1.75 x 103 


dynamic dialysis 


dynamic dialysis 


6 . 8 5  and 9") (7) 


6.85 and 9") (7) 


Q n, = the number of binding sites in the i'th class. b K ,  = the intrinsic association constant for the i'th class of sites (IJM). 


Ultrafiltration-Ultrafiltration was utilized to study the binding 
of warfarin by BSA and HSA and the procedure used was that 
previously described (2). These studies were performed with solu- 
tions containing warfarin in a concentration range of 0.032-0.380 
mg./ml. in 0.04 M ,  pH 7.3, phosphate buffer. The initial protein 
concentration was 0.37% for the BSA studies, and 0.39 or 0.78% 
for the HSA studies. After centrifugation the concentration of small 
molecule in the filtrate and the total small molecule concentration 
of the solution remaining in the sacs was determined. From a 
knowledge of these concentrations and the total protein concentra- 
tion in the system, the values for ./(Of) and u were calculated. 
Preliminary experiments indicated that approximately 4z of the 
warfarin introduced into the system was bound to the membrane. 


Equilibrium Dialysis Studies-The binding of warfarin by BSA 
was also studied by the technique of equilibrium dialysis. These 
experiments were conducted using 10-ml. capacity, Plexiglas di- 
alysis cells. The warfarin concentrations employed in these studies 
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Figure 1-The loss of 8-clilo~o~lieopliylIi~1e from inside n diu1ysi.u sue, 
in the presence aid abseiicr of BSA. The stiidies were rut7 ut p H  7.0 
and 25 '. 


ranged from 0.002-0.6 mg./ml., in 0.04 M ,  pH 7.3, phosphate 
buffer. The BSA concentration was 0.4 %. Preliminary experiments 
indicated that about 3 %  of the warfarin was bound to the mem- 
brane separating the two compartments of the dialysis cell, and 
that equilibrium was attained in the cells within 12 hr. The systems 
were prepared by placing 5 ml. of warfarin solution on one side of 
the membrane, and 5 ml. of warfarin and protein solution on the 
other. The cells were agitated, on a platform shaker, for at least 14 
hr. at room temperature, 25 zt 2". After equilibration. both sides 
of the cell were sampled, and from a knowledge of the total warfarin 
in the system, the free warfarin concentration, the degree of mem- 
brane binding, and the total protein concentration, the values for 
;/(Of) and v were calculated. 


Dynamic Dialysis Studies of Competitive Inhibition of Binding- 
The preliminary step in these studies was to determine if the presence 
of the competitor in the system exerted an effect on the intrinsic 
rate of dialysis of the small molecule under consideration. 8-Nitro- 
theophylline was utilized as the test species, and 8-chlorotheophyl- 
line or salicylic acid were employed as the competitors. A control 
run with 8-nitrotheophylline was first conducted, and then using 
the same membrane sac, the dialysis of 8-nitrotheophylline was 
followed in the presence of the competitor. Then an 8-nitrotheo- 
phylline and BSA system was dialyzed to obtain the kinetic and 
equilibria parameters operant in the absence of competitor. Finally, 
still using the same membrane, 8-nitrotheophylline, BSA, and 
competitor were dialyzed. Two approaches were used in the com- 
petitive studies. In the first, a known competitor concentration was 
incorporated inside the dialysis sac. The decline of both %nitro- 
theophylline and competitor concentration inside the sac was 
followed by determining the amounts of 8-nitrotheophylline and 
competitor appearing in the external solution. The second approach 
was such that the concentration of competitor remained essentially 
constant throughout the dialysis. Here a known competitor con- 
centration was placed into the dialysis sac containing the 8-nitro- 
theophylline. In addition, the external buffer bathing solution was 
prepared to contain an equivalent concentration of competitor. 
Further, the samples which were withdrawn from the external 
solution were replaced with a solution which contained the same 
concentration of the competitor as originally present. In this manner 
the concentration of the competitor was held constant during the 
course of the dialysis. All studies involving 8-nitrotheophylline 
and/or competitor species were conducted at 25 in pH 7.0,0.04 M, 
phosphate buffer. 


Analytical Methods-The compounds studied were assayed 
spectrophotometrically with a Beckman DU spectrophotometer 
equipped with a Gilford power source and digital, absorbance 
read-out. Concentrations were determined from Beer's law plots 
constructed at appropriate wavelengths and pH values. 


The concentration of 8-nitrotheophylline in the presence of BSA 
was determined spectrophotometrically at pH 11 uersus an appro- 
priate BSA blank. The absorbance due to protein was negligible 
in the visible region of the spectrum, and at pH 11 there were no 
spectral manifestations of interactions between the BSA and 8- 
nitrotheophylline. 
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Figure 2-The binding of 8-chtorotheophylline by BSA at p H  7.0 
and 25". Key: 0, 0.812 and 1.218% BSA, dynamic dialysis; A, 
Iiterature wlues; (6). equilibrium dialysis at p H  6.85 and 9". 


Because BSA interfered with the direct spectrophotometric de- 
termination of caffeine, warfarin, and 8-chlorotheophylline, ex- 
traction procedures were utilized. Two milliliters of sample con- 
taining caffeine and BSA were quantitatively extracted with 25 ml. 
of chloroform, and the organic layer was examined spectrophoto- 
metrically at 272 mp versus an appropriate chloroform blank. Sam- 
ples containing 8-chlorotheophylline and BSA were assayed for 8- 
chlorotheophylline by diluting 2 ml. of sample to 3 ml. with diluted 
phosphoric acid (1 :5) and extracting with 25 ml. of a chloroform- 
isopropyl alcohol (19: 1) solution. The organic phase was assayed 
spectrophotometrically at 276.5 mp uersus an appropriate solvent 
blank. Solutions containing both warfarin and BSA were assayed 
by the method of O'Reilly et al. (4). Centrifugation was utilized 
to break any emulsions formed during the extraction procedures. 


Samples containing 8-nitrotheophylline in combination with 8- 
chlorotheophylline, caffeine, or salicylic acid were assayed for both 
components by a differential spectrophotometric assay conducted 
at 386 mp, and 276.5, 272, or 302 mp, respectively. Samples con- 
taining 8-nitrotheophylline, 8-chlorotheophylline, and BSA were 
adjusted to pH 1 1  and assayed for 8-nitrotheophylline at 386 mp. 
The 8-chlorotheophylline concentration was determined by ex- 
tracting an acidified sample and measuring the absorbance of 
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Figure >The toss of caffeine from inside a dialysis sac, in the pres- 
ence and absence of BSA. The studies were run at pH 7.0 and 25". 
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Figure &The binding of caffeine by  BSA at p H  7.0 and 25', as 
depicted by a Scatchardplot. Key: 0, X.83Z BSA, 0,3.65% BSA. 


the organic phase at 276.5 mp. The latter absorbance was corrected 
for the small contribution of the 8-nitrotheophylline to the reading 
at this wavelength. 


RESULTS AND DISCUSSION 


Determination of the Binding Constants for the Interaction of 
Various Small Molecules with BSA-A previous report (1) de- 
scribed studies employing this technique with phenol red and 
methyl orange. For comparative purposes, binding parameters 
for these two compounds are presented in Table I, along with 
values for a number of other compounds which were investigated. 
It should be noted that parameters characterizing the binding of 
methyl orange (1, 5 )  were reported incorrectly and have been cor- 
rected in Table I. 


1 2 3 4 5 6  
Y 


Figure 5-The binding of salicylic acid b y  BSA at p H  7.0 and 25". 
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Figure 6-The loss of waifirin,from inside (I dialysis sac, in the pres- 
ence and absence of BSA. The studies were run at p H  7.3 and 2S0. 
Key: 0, 0.63% control; O, 1.46.5z control; 0, 0.63% BSA, 
experimeiitul; U, I.465,q BSA, experimental; 0, 0.63% BSA, 
theoretical; U, 1.456 7; BSA,  theoretical. 


Binding of 8-ChIorotl1eophylline-Figure 1 illustrates the results 
of dynamic dialysis experiments with 8-chlorotheophylline in the 
presence and absence of BSA at 25" and pH 7.0. Transformation 
of the data, in the manner described, yielded the Scatchard plot of 
Fig. 2. Data obtained by Eichman et al. (6) for this system at 
pH 6.85 and 9", using equilibrium dialysis, is also shown. The small 
differences between Eichman's data and those of the present study 
can be attributed to a difference in the temperatures employed. 


Binding of Caffeine-Caffeine has been shown to interact rather 
weakly with BSA (6, 7). It was, therefore, of interest to attempt to 
quantitate its binding behavior by the dynamic dialysis approach. 
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Figure 7-The binding of warfarin by BSA and HSA at pH 7.3 and 
25". Key: A, BSA, ultrujiltration and equilibrium dialysis; 0, HSA, 
dtraJiltration; 0, 0.639;: BSA, dynamic dialysis; 0, 1.465z BSA, 
dynamic dialysis. 


Results obtained at 25 in 0.04 M pH 7 buffer are shown in Fig. 3. 
It can be seen that in spite of relatively high protein concentrations, 
the difference in kinetic behavior in the absence and presence of 
protein was small and reflects the weak nature of the interaction. 
Figure 4 shows the corresponding Scatchard plot. From a least- 
squares fit of the Scatchard plot, it was determined that the interac- 
tion between BSA and caffeine could be appropriately characterized 
by the parameters n = 1, and K = 1.02 X lo3 \./mole. These values 
are in reasonableagreement with the parameters reported by Eichman 
et al. (6) from equilibrium dialysis studies at pH 6.85 and 9". The 
somewhat lower association constant obtained in the present study, 
which was conducted at a higher temperature than the work of 
Eichman el al. is consistent with a previous observation (8) of 
decreased xanthine binding with increased temperature. 


It should be noted that the binding of a weakly interacting com- 
pound is difficult to quantitate accurately by any experimental 
technique due to magnification of experimental error by subsequent 
data treatment. The caffeine studies demonstrate that the dynamic 
dialysis method can be useful in characterizing even weak interac- 
tions. 


Binding of Salicjlic Acid-Figure 5 illustrates a Scatchard plot 
derived from the kinetics of dialysis of salicylic acid at pH 7.0 and 
25" in the presence of 1.616z BSA and in  the absence of BSA. 
The data were found to be consistent with the binding parameters 
given in Table I. 


The binding observed in this study was somewhat stronger than 
that observed by Davison and Smith (9) in their studies conducted 
at 4" and pH 5.4, in acetate buffer. They reported binding constants 
of nl = 0.37, n2 = 3.5, KI = 3 X lo4 l./mole, and Kz = 1 X lo2 I./ 
mole, and observed little difference in binding behavior between pH 
5.4 and 7.0. They also reported that acetate can competitively inhibit 
salicylate binding and this might be the reason for the difference in 
strengths of binding between the two studies. 


Binding of Warfariti-The binding of warfarin by albumin has 
been well studied and characterized (10) and thus, it was felt that 
warfarin would serve admirably as an additional compound with 
which to assess this new approach for quantitating binding be- 
haviors. The results of the dynamic dialysis examination of warfarin 
binding are summarized i n  Fig. 6 which depicts the kinetics of dis- 
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Figure &The loss of free warfarin from inside a dialysis sac, in the 
presence of BSA, at pH 7.3 and 25". Key: 0, W, dynamic dialysis 
data; O,O, theoretical data. 
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Figure %The loss of 8-nitrotheophylline from inside a dialysis sac 
in the presence and absence of 0.75% BSA. The studies were con- 
ducted at u variety of pH’s and 25”. Key: - - -, average control run. 


appearance of warfarin from a 0.630% solution of BSA and from a 
1.465% solution of BSA, as well as for corresponding control 
systems. The difference between control runs is significant and re- 
flects the fact that a different membrane was used for the two 
systems. The control runs were repeated and found to be entirely 
reproducible. 


The Scatchard plot is shown in Fig. 7. It was disturbing to com- 
pare this plot with that presented by O’Reilly (10) who studied, 
by equilibrium dialysis, the interaction of warfarin with human 
serum albumin (HSA). O’Reilly’s data indicated a much weaker 
degree of interaction and the marked lack of agreement prompted 
further studies on the binding of warfarin. To assess whether or not 
HSA possessed a significantly different affinity for warfarin than did 
BSA, the binding of warfarin by the two proteins was investigated 
using ultrafiltration. The results are also shown in Fig. 7 and demon- 
strate that the nature and extent of binding were the same for both 
proteins. The interaction was also investigated by equilibrium 
dialysis and the results are presented in Fig. 7. It is obvious that the 
three different experimental methods provided data which were in 
excellent agreement and, therefore, indicated that neither the source 
of the albumin nor the experimental approach could explain the lack 
of agreement with the results of O’Reilly. In view of this, O’Reilly’s 
data were examined more critically to reveal two computational 
errors. First, a correction for sac binding was made which was based 
on the total concentration of warfarin rather than on the concentra- 
tion of free warfarin in the system. This, however, resulted in only a 
minor error since the sac binding was only of the order of 3.6%;. A 
more serious computational error was involved in the calculation of 
f .  When a correction was made the f values increased and were quite 
consistent with those of the present study. The combined data of 
Fig. 7 were used to  generate the n and K values presented in Table I. 


Theoretical Treatment Describing the Escape of a Small Molecule 
from a Protein-Containing Compartment-It has been demonstrated 
that kinetic data obtained in the dialysis of a small molecule in the 
absence and presence of protein can be treated to gain estimates of 
(D,) and (Db) and subsequently n’s and K’s. The validity of the 
approach has been confirmed by the close agreement of binding 
parameters, estimated by using this method, with those determined 
by classical methods. It did seem desirable, however, as a further 


t 
\ 


1 2 3 4 5 
F 


Figure 10-The binding of bnitrotheophylline by BSA at various 
pH’s and 25 Q. 


check, to compare experimentally observed kinetic behavior with 
that theoretically expected on the basis of initial concentration 
conditions and binding parameters. Theoretical expressions for 
such a system have been considered, in a pharmacokinetic context, 
by Kruger-Thiemer (11) who derived equations which describe the 
rates of loss of unbound and total small molecule capable of being 
bound from a protein compartment. His derivations were restricted 
to situations where binding occurred to one class of sites on the 
protein but can be readily modified to account for the existence of 
two classes of sites. Such a modification results in Eq. 2 which 
describes dynamic dialysis behavior, i.e., the rate of disappearance 
of total concentration of small molecule ( D J  from a protein com- 
partment as a function of an apparent first-order elimination con- 
stant, K,, the concentration of unbound small molecule (01). 
the total concentration of protein (Pt),  the number of binding sites 
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Figure 11-The injuence of pH on the binding of 8-nitrotheophylline 
at 25”. Key: A, delta absorbance values determined from spectro- 
photometric studies; 0, fraction bound calues calculated from 
dynamic dialysis studies. 
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Figure 12-The loss of 8-nitrotheophylline in the presence and ab- 
sence of caffeine, and the loss of caffeine in the presence and absence 
of 8-nitrotheophylline, from inside a dialysis sac. The studies were 
conductedat p H  7.0 and 25". 


in each of two classes, nl and n2, and the corresponding dissociation 
constants, kl and kz .  


Equation 3 gives the rate of loss of free drug ( O f )  from the protein 
compartment. 
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Figure 13-The loss of 8-nitrotheophylline from inside a dialysis sac, 
in the presence and absence of 8-chlorotheophylline. The studies were 
conducted at p H  7.0 and 25". Key: 0, control; 0, with 0.75 mg.lm1. 
8-chlorotheophylline; 0, with 1.74 mg.lml. 8-chlorotheophylline. 


Finally, Eq. 4 gives the relationship between the total and unbound 
drug concentration. 


An expression for ( O f )  as a function of time cannot be obtained 
directly by integration of Eq. 2 and, therefore, a more circuitous 
approach must be utilized to generate theoretical kinetic data. 
First, the value for the initial free drug concentration (DtO) in the 
protein compartment is calculated as follows: Eq. 4 may be 
written in terms of initial total (010) and initial unbound 
(ofo) drug concentrations. The resulting equation may then be 
rearranged to yield a cubic expression in (Ofo):  


It may be noted that when one class of binding sites is involved, a 
quadratic expression in ( D p )  results. By integration of Eq. 3 
between the limits of t = 0 to I ,  and (Df) = (Ofo) to (D,),  an 
expression for time may be obtained: 


Thus, for values of nl, n2. k l ,  kz, (Dto) ,  and (Pt),  a value of (Ofo) 
may be calculated from Eq. 5.  Then assuming various values for 
( D f ) ,  the time, I, at  which the assumed ( D f )  concentrations will be 
present in the protein compartment can be calculated from Eq. 6. 
Finally, using Eq. 4, the values for (DJ, corresponding to the times 
which were determined from Eq. 6, are calculated. These computa- 
tions were carried out  with the aid of a Fortran IV computer pro- 
gram and a CDC 6400 computer. 


Comparisons between dialytic behaviors which were theoretically 
expected and experimentally determined for warfarin are shown in 
Figs. 6 and 8. Theoretical points were obtained using the outlined 
treatment with (Dp) and ( P f )  values selected to correspond to the 
experimental system. The values of n and K used were those tabu- 
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Figure 14-The loss of 8-nitrotheophylline from inside a dialysis sac, 
in the presence and absence of salicylate. The studies were conducted 
at p H  7.0 and 25". Key: 0,  control; 0, with 9.8 mg.lml. salicylic 
acid; 0, with 22.6 mg./ml. salicylic acid. 
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Figure 15-The loss of 8-nitrotkeophylline from inside a dialysis 
)ac, in the presence and absence of BSA, and 3 S A  and 8-chloro- 
Iheophylline. The studies were conducted at pH 7.0 and 25". Key: 
0, controi; 0, with 0.818% BSA; A, with 0.818% BSA and an 
initiul8-chlorotheoph.yfline concentration of I .6 mg.lml. 


lated in Table I. The K ,  values employed corresponded to the 
experimentally determined apparent permeability constants for the 
membranes. The close agreements between experimental results 
and theoretical predictions illustrate the applicability of the equa- 
tions and supports the validity of this experimental approach for 
studying binding behavior. 


Kinetic Determination of the pH-Binding Profile for the Inter- 
action of I-Nitrotheophylline with BSA-The influence of pH on 
the binding of 8-nitrotheophylline by BSA, as determined by 
spectrophotometric investigations, has been previously reported 
(12). It seemed appropriate, in view of the interesting pH effects 
observed, to study more quantitatively the effect of pH on the inter- 
action. In addition, it was thought that such a study would serve 
to evaluate further the dynamic dialysis method and demonstrate 
its applicability and convenience. From kinetic data obtained 
with the dynamic dialysis procedure, it was possible to generate 
Scatchard plots characterizing the interaction at each pH. Thus, 
binding behavior over a wide range of pH could be conveniently 
obtained in a relatively short period of time. Accumulation of such 
data by conventional techniques of equilibrium dialysis or ultra- 
filtration would require considerably more effort and a much greater 
expenditure of time. 


The results of these studies are summarized in Fig. 9 where the 
kinetic behavior of 8-nitrotheophylline in the presence of BSA under 
different conditions of pH is shown. An average control run is also 
depicted. Data for pH 6 ,  8, and 10 were also obtained, but were 
omitted to reduce the complexity of the figure. From examination 
of the data of Fig. 9, it would appear that as the pH was increased 
from pH 3 to 10.9, the degree of interaction between the 8-nitro- 
theophylline and the BSA steadily decreased. The data were further 
treated by computer analysis, in the usual manner, to obtain the 
values for t and v/(D,). In addition, the fraction of 8-nitrotheo- 
phylline bound to the BSA at each total 8-nitrotheophylline con- 
centration was determined. The resulting Scatchard plots are 
shown in Fig. 10. Data for studies conducted at pH 6 and 8, which 
were similar to that obtained for pH 7, have been omitted to permit 
the figure to be more readily interpreted. This figure dramatically 
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Figure 16-The loss of 8-chlorotheophylline from inside a dialysis 
sac, in the presence and absence of BSA and 8-nitrotheophylline. 
These data were obtained in the same experimental run as was illus- 
trated in Fig. 15. Key: 17, control; 0, with 0.818% BSA and 0.82 
mg.lml. 8-nitrotheophylline. 


demonstrates differences in binding behavior as the pH was varied. 
At pH 3 the interaction was somewhat unique. The apparent 
linearity of the plot indicates the participation of one class of binding 
sites, containing a relatively large number of sites. The Scatchard 
plots representing other pH values are curved, indicating that at 
these pH's more than one class of sites were involved. The unusual 
behavior apparent at pH 3.0 is likely related to a pH dependent 
alteration of the protein configuration. Here the interaction 1s 
relatively weak as apparent from the shallow slope of the Scatchard 
plot. Thus the high degree of binding, suggested by the kinetic data 
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Figure 17-The binding of 8-nitrotheophylline by BSA in the pres- 
ence and absence of a variable 8-chforotheophylline concentration. 
The studies were conducted at p H  7.0 and 25'. Key: U, 8-nitro- 
theophyliine and 0.818% BSA; 0, 8-nitrotheophylline, 5.818% BSA 
and 8-chlorotheophylline; 0, theoretical data for the binding of 8- 
nitrotheophylline in the presence of 8-chlorotheophylfine. 
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Figure 18-The bindng of 8-chlorotheophylline by BSA in the pres- 
ence and absence of 8-r~itrotheophylline. The studies were conducted 
at p H  7.0 and 25”. Key: 0, 8-chlorotheophylline and 0.8I8Z BSA; 
0, 8-chIorotheophylli,1e, 0.818% BSA and 8-nitrotheophylline: 
0, theoretical duta for the binding of 8-rhlorotheophylline b y  BSA 
in the presence of 8-nitrotheophylline. 


obtained at pH 3. was a reflection of the involvement of a relatively 
large number of binding sites rather than a high intrinsic affinity. 
The pH 4 Scatchard plot also suggests the participation of a large 
number of binding sites with the added involvement of a second 
class of sites with a significantly higher affinity. Two or more classes 
of sites were apparently involved throughout the remainder of the 
pH range studied. An increase in pH from 4 to 6 resulted in a 
decrease in the total number of sites available for binding and an 
increase in the strength of association. As the pH was increased 
from 7 to 10.9 the extent of interaction diminished, probably as a 
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Figure 19-The loss of 8-nitrotheophylline from inside a dialysis 
sac, in the presence and absence of BSA, and BSA and a constant 8- 
chlorotheophylline concentration. The studies were conducted at p H  
7.0 and 25”. Key: 0, 8-nitrotheophylline control; U ,  8-nitrotheo- 
phylline control in the presetice of 0.76 mg.Jml. 8-chlorotheophyl- 
line: 0,  8-nitrotheophylhe and 0.778x BSA; W, 8-nitrotheophyl- 
line, 0.778% BSA and 0.76 mg./ml. 8-chlorotheophylline. 
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Figure 2 C T h e  binding of 8-nitrotheophylline by BSA in the pres- 
ence and absence of a constant 8-chiorotheophylline concentration of 
0.76 mg./ml. Key: 0, 8-nitrotheophylline and BSA: W, 8-nitro- 
theophylline, BSA, and 0.76 mg./ml. 8-chlorotheophyIline; 3, 
theoretical data fo r  the binding of 8-nitrotheophylline in the presence 
of 0.76 mg./ml. 8-chlorotheophylline. 


result of changes in the degree of ionization of participating groups 
on the protein and/or pH-induced conformation changes (1 3). 
In order to compare more readily the results of this study to those 
obtained from the spectrophotometric studies previously reported 
(12), a plot of fraction bound versus pH was constructed and is 
shown in Fig. 11. The fraction bound, which is plotted, was that 
obtained at a total 8-nitrotheophylline concentration of 1.4 x 10-4 
mole/l. in the presence of 0.75 2 BSA. The pH profile previously 
reported, for the interaction between 1.42 X 10-4 M S-nitrotheo- 
phylline and 0.4z BSA, is illustrated for comparative purposes. 
There is good qualitative agreement between the two methods. 
However, at the extremes of pH, i.e., at pH 3 and 10.9, the two 
techniques yielded significantly different results. The spectro- 
photometric studies indicated a relatively small degree of inter- 
action at these pH extremes, whereas the dynamic dialysis method 
detected appreciable binding, with about 68 bound at pH 3 and 
23 bound at pH 10.9. Some of this difference can, of course, be 
attributed to the higher BSA concentration used in the dynamic 
dialysis systems. However, the data may also reflect a shortcoming 
of the spectrophotometric method in that if interaction does not 
alter spectral properties of the small molecule, then the interaction 
cannot be detected from spectral studies. It is important to note 
that both studies yielded pH profiles having the same general 
shape and both studies, therefore, indicated that three or more 
classes of sites on BSA are involved in the binding of S-nitrotheo- 
phylline, as previously discussed (12). 


The binding of 8-nitrotheophylline by BSA, at pH 7.0, was further 
evaluated to determine the binding parameters characterizing this 
interaction. The data appeared to be adequately described by an 
interaction involving two classes of binding sites, where n1 = 1 ,  
n2 = 4, Kl = 2.34 X lo6 l./mole, and Kz = 2.53 X 103l./mole. 


Competitive Inhibition of Protein Binding-Inhibition of protein- 
small molecule interactions due to the presenceof a species capable of 
competing for binding sites is a well recognized phenomenon and 
has recently been reviewed (14). Equation 7 describing competitive 
binding may be easily derived from mass law considerations and 
defines the dependency of binding of a species “D,” in the presence 
of a competitor “C,” on the unbound “D” concentration (D,),  
and unbound competitor concentration (C,), the number of binding 
sites on the protein (n) which interact with the drug and the campeti- 
tor, and the corresponding intrinsic association constants for “D” 
and “C” (Kd and KJ. 
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Here, cd = moles of Species “D” bound per total mole of protein. 
This equation may be rearranged in the form of a Scatchard equa- 
tion, as given in Eq. 8. o.80 h 


It may be shown that while Eq. 8 is derived in terms of F d ,  a com- 
pletely analogous equation can similarly be derived in terms of 1, 
(moles of Species “C” bound per mole of protein). 


An expression describing the rate of loss of small molecule “D” 
from a protein compartment containing a competitor “C,” can be 
derived from the consideration that the rate ofloss of “D” is propor- 
tional to the concentration of unbound species (Dj): 


From mass balance: 


(DJ = (DfJ + (Of), (Eq. 10) 


where ( 0 6 )  is the concentration of “D” which is bound. Further, in 
the presence of competitor, it can be shown that, 


Combining Eqs. 10 and 11 and solving for (D,) an expression for 
(D,) is obtained which may then be substituted into Eq. 9 to yield: 


The intuitive expectation that the presence of a competitor will 
result in a faster decline of ( D t )  is verified by inspection of Eq. 12, 
which predicts that the rate of loss of (DJ will increase with in- 
creasing (C,,). Further, the equation indicates that as (D, )  and (C,) 
approach zero, the slope of a semilog plot of (Dt )  uersus time will 
approach a constant value which is a function of K,, n,  ( P t ) ,  and the 
association constants (k, k) for the given system. Finally, Eq. 12 
shows that if the values of Kdl (DJ), and K ~ z  (D,) are significantly 
smaller than the values of KC1 (C,), and K,z ( C f ) ,  then the slope of a 
semilog plot of (DJ oersus time will be constant, if (C,) is constant. 


A series of studies were conducted to evaluate dynamic dialysis 
as a tool for studying the phenomenon of competitive inhibition of 
protein binding. The studies were carried out by using 8-chloro- 
theophylline and salicylic acid as the small molecules “C” compet- 
ing with 8-nitrotheophylline “D” for binding sites on the BSA 
molecule. 


As a prerequisite to these studies it was necessary to determine 
if the presence of “C” exerted an effect on the rate of dialysis of 
“D,” in the absence of BSA. Thus, a control run with 8-nitrotheo- 
phylline was first conducted, and then using the same membrane 
sac, the dialysis of 8-nitrotheophylline was followed in the presence 
of competitor, with the competitive concentration either main- 
tained constant or allowed to decline. The loss of both “D” and 
“C,” from inside the sac, was followed in the latter case. 


The results of such studies where caffeine was employed as the 
inhibitor are shown in Fig. 12. Here the initial caffeine concentra- 
tion was approximately eight times that of 8-nitrotheophylline. 
Only a slight reduction in the permeation rate of the caffeine caused 
by the presence of 8-nitrotheophylline was noted. However, the 
dialytic rate of 8-nitrotheophylline was significantly reduced by the 
presence of caffeine. In addition, the semilog plot for such a system 
was not linear. A reasonable explanation for the observed effect is 
that complex formation occurred between 8-nitrotheophylline and 
caffeine and that the complex diffused through the membrane at a 
slower rate than did 8-nitrotheophylline alone. 


The effect of a constant 8-chlorotheophylline concentration on 
the dialysis of 8-nitrotheophylline was also measured and the 
results are shown in Fig. 13. It is apparent that the presence of 8- 
chlorotheophylline resulted in a decrease in the rate of loss of 
8-nitrotheophylline. 
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Figure 21-The loss of 8-nitrotheophylline from inside a dialysis sac, 
in the presence and absence o j  BSA, and BSA and 9.8 mg.lml. 
salicylic acid. The studies were conducted at p H  7.0 and 2s“ .  Key: 
0, 8-nitrotheophylline control; 0, 8-nifrdheophylline control in Ihe 
presence oj 9.8 mg./ml. salicylic acid: 0, 8-nitrotheophylline and 
0.802% BSA; ., 8-nitrotheophylline, 0.802 % BSA, and 9.8 mg.fml. 
salicylic acid. 


Finally, the influence of the presence of salicylate on the dialytic 
behavior of 8-nitrotheophylline was studied using a constant sali- 
cylate concentration. The results are illustrated in Fig. 14 and 
demonstrate the previously observed effect; the permeation rate 
of the 8-nitrotheophylline was decreased in the presence of salicylate 
ion. 


This unexpected effect is currently being rigorously investigated. 
Preliminary results indicate that complex formation is indeed 


I 


1 2 3 4 5 
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Figure 22-The binding of 8-nitrotheophylline by BSA in the pres- 
ence and absence of a constant salicylic acid concentration of 9.8 
mg./ml. The studies were conducted at p H  7.0 and 25’. Key: 0, 
8-nitrotheophylline and BSA; 0, 8-nitrotheophylline, BSA and 9.8 
mg.lml. salicylic acid: 8,  theoretical data for the binding of 8- 
nitrotheophylline by BSA in the presence of 9.8 mg./mg. salicylic 
acid. 
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responsible for the observed behavior. Studies are in progress to 
evaluate the possibility that dynamic dialysis might be of utility in 
investigating and quantitating small molecule-small molecule 
interactions as well as small molecule-macromolecule binding. 


Relative to protein binding studies, these results emphasize the 
importance of considering small molecule-small molecule inter- 
actions before attempting to study the phenomenon of competitive 
inhibition. Thus, if the degree of interaction between “D” and 
“C’ is moderately large, results of competitive binding studies 
might well be uninterpretable since one does not know a priori 
whether inhibition is due to competition for binding sites or the 
inability of “D:C” complexes to be bound by the protein. In the 
present studies, for example, the interaction between 8-nitro- 
theophylline and caffeine was sufficiently large to preclude a mean- 
ingful study of the inhibition of 8-nitrotheophylline binding by 
caffeine. The ability of 8-chlorotheophylline and salicylate to inhibit 
the binding of 8-nitrotheophylline could, however, be studied since 
in the former case relatively low concentrations could be employed 
and in the latter, the apparent degree of complexation was rela- 
tively low. 


The binding of 8-nitrotheophylline by BSA in the presence of a 
variable concentration of 8-chlorotheophylline was studied at pH 
7.0 and 25” and the results are depicted by Fig. 15. Figure 16 sum- 
marizes results which characterize the dialysis of 8-chlorotheo- 
phylline from the competitive system. It should be noted that 
preliminary experiments demonstrated that 8-chlorotheophylline, 
in the concentration used in this study, did not significantly affect 
the intrinsic rate of 8-nitrotheophylline dialysis. Figure 15 clearly 
illustrates the displacing effect caused by competition and which 
resulted in an increase in the rate of loss of 8-nitrotheophylline 
from the protein compartment. The data of Figs. 15 and 16 were 
analyzed in the manner previously described to obtain the concen- 
trations of unbound 8-nitrotheophylline and 8-chlorotheophylline 
at various times during the course of the dialysis. Then, knowing 
unbound and total concentrations, the bound concentrations 
could be calculated. This permitted subsequent computations of 
f,/(c,), Bd/(D/), %, and Yd. The results of these computations are 
illustrated in Figs. 17 and 18 in the form of Scatchard plots. The 
competitive effect is clearly evident. In addition the plots suggest 
that both of the theophylline derivatives were bound to the same 
sites on the protein since the ordinate intercept, which is equal to 
En, appears to be the same for all systems. 


Also depicted in Figs. 17 and 18 are points obtained by inde- 
pendent considerations of competitive binding. Here, Eq. 8 was 
utilized to solve for the concentration of bound species by using 
n and K values determined from independent studies and experi- 
mental values of (D , )  and (C,). The concentration of protein used 
corresponded to that in the experimental systems. Thus, theoretical 
points for a Scatchard plot were generated and are represented by 
the closed circles in the figures. The agreement of theory and experi- 
ment is reasonable, particularly in view of the fact that small varia- 
tions in the values of the four association constants can have rather 
marked influences on the shape and position of a theoretically 
generated plot. 


Figure 19 compares results obtained in the dialysis of various 
8-nitrotheophylline systems with and without a constant concentra- 
tion of 8-chlorotheophylline. The constancy of the latter was en- 
sured by formulating internal solution, external solution, and 
replacement solution to contain the same concentration of 8- 
chlorotheophylline. It is apparent from the figure that the rate of 
dialysis of 8-nitrotheophylline was markedly increased by incorpora- 
tion of 8-chlorotheophylline in the system. In addition, it can be 
observed that for the competitive study, the semilog plot appeared 
essentially constant after about 1 hr. which is indicative of the 
binding of a constant fraction of the 8-nitrotheophylline. Figure 20 
illustrates the Scatchard plot corresponding to this system. The 
permeability constant utilized in analyzing the kinetic data to ob- 
tain the Scatchard plot was obtained from the study of 8-nitro- 
theophylline dialysis in the presence of 0.763 mg./ml. of 8-chloro- 


theophylline. The competitive effect is dramatically reflected by 
this figure. Theoretical points are also shown in Fig. 20. These 
were calculated in the manner previously described using the 
assumption that here (C,) could be approximated by the analytical 
concentration of competitor in the system. The agreement between 
theoretical and experimental data is excellent and serves to confirm 
the utility of the dynamic dialysis method in studying competitive 
binding. 


The results of similar studies, employing salicylate as a competing 
species, are depicted in Figs. 21 and 22. These similarly demonstrate 
the kinetic manifestations of competitive inhibition and the ability 
to quantitate competitive binding behavior by the dynamic dialysis 
approach. 


In summary, this investigation has demonstrated the utility of 
the dynamic dialysis approach by application to a variety of protein- 
binding systems. The method was shown to be applicable to the 
quantitation of binding covering a spectrum of binding strengths. 
In additioii it was demonstrated that competitive inhibition of 
binding can be readily detected and quantitatively evaluated by 
the technique. Some idea of the relative rapidity and convenience 
of the method was evidenced by the ability to comprehensively 
study the influence of pH, over a wide range, on the inter- 
action of 84trotheophylline with BSA. Although the present study 
was limited to protein-containing systems, there is no reason why 
the method could not be used in studies of binding by other natural 
macromolecules, synthetic polymers, adsorbents, and micelle- 
forming materials. 
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Physical Stability of Sulfaguanidine Suspensions 


R. D. C. JONES*, B. A. MATTHEWSt, and C. T. RHODESS 


Abstract 0 The effects of several variables-lectrolyte, type, and 
concentration of surfactant and nature of vehicle-upon the physical 
properties of sulfaguanidine suspensions have been investigated. 
It is shown that the concept of controlied flocculation may use- 
fully be applied to the formulation of pharmaceutically acceptable 
suspensions of this drug. 


Keyphrases 0 Sulfaguanidine suspension-physical stability 0 
Stability, sulfaguanidine suspension-electrolyte, surfactant, ve- 
hicle effects 0 Sedimentation volume-sulfaguanidine suspension 
17 Redispersibility-sulfaguanidine suspension 


Sulfaguanidine is an extremely useful antibacterial 
drug which is virtually nonabsorbed from the gastro- 
intestinal tract. It 's therefore particular y effective in 
the treatment of localized gastrointestinal infections. 
Because the drug does not enter the blood stream, it may 
be given in quite large doses, even to very young children. 
In the treatment of dysentery, doses of 3 g. three times 
daily are common and doses of 5 g. are sometimes used 
for severe cases. 


The choice of a suspension rather than a tablet or 
capsule is often controlled by patient acceptability. 
While solid dosage forms are often supplied to adults, 
the treatment of children, particularly the very young, 
is easier with a suitably flavored suspension. There are a 
number of proprietary suspensions containing sulfa- 
guanidine available for both pediatric and adult use. 


In order to ensure uniformity of dosage, it is the aim 
of the pharmaceutical formulator to produce a prepara- 
tion for which the minimum of shaking will cause 
homogeneous distribution of drug. I t  has been shown 
that the concept of controlled flocculation may be 
usefully applied to pharmaceutical suspensions (1-4). In 
the present paper the authors report studies which show 
how controlled flocculation may be applied to the for- 
mulation of sulfaguanidine suspensions. 


EXPERIMENTAL 


Materials-Sulfaguanidine BPC,' cetyltrimethylammonium 
bromide,2 polysorbate 80,2 aluminum chloride reagent grade, 
glycerol BP, glass-distilled water. 


Particle S i z e T h e  particle size of the sulfaguanidine used in this 
investigation was determined using a model B Coulter counter in 
the manner previously described by Matthews and Rhodes (5) 
and Short et al. (6). Raw Coulter data were converted to percentage 
weight and percentage number oversize by a computer program. 
The results shown in Fig. 1 represent the mean of three determina- 
tions. 


Sedimentation Volume-The sedimentation volumes of test sus- 
pensions were determined at intervals during storage by the method 
previously described (3). 


Sedimentation volume is defined as the ratio of the ultimate 
settled height, H,, to the original height, H,. 


Supplied by British Drug Houses, Poole, England. 
2 Tween 80, supplied by Honeywell Atlas Ltd., London, England. 
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Figure I-Particle size spectrum of sulfaguanidine BPC. Key: a, 
number; ando, weight. 


Redispersibility-To standardize evaluation of redispersibility, 
the machine described by Matthews and Rhodes (3) was used. 
This rotates the measuring cylinders in which the suspensions were 
stored through 360" at a constant speed of 20 r.p.m. 


Preparation of Suspensions-Preliminary tests were performed to 
determine the type and concentration of surfactant to  wet the drug. 
Of the surfactants screened, cetyltrimethylammonium bromide 
(CETAB) and polysorbate 80 were shown to have satisfactory wet- 
ting properties at 1 X M and were compatible with the alu- 
minum chloride used as the flocculating agent. 


Suspensions were prepared by dispersing 5 g. of drug in 50 ml. 
of double strength surfactant solution (2 X M) by means of a 
Silverson mixer (Silverson Ltd., London, England); 40 ml. of 
water and 10 ml. of electrolyte solution (10 times the required 
concentration) were then added. The measuring cylinders containing 
the suspensions were then stoppered and shaken well before storage 
at laboratory temperature (about 18 "). Suspensions containing 
glycerol were prepared as before, being made to volume with a 
suitable glycerol-water mixture. 


RESULTS AND DISCUSSION 


The particle size spectrum of the sulfaguanidine BPC used in this 
project is shown in Fig. I .  Although official, this material is of a com- 
paratively large particle size, larger than many formulators would 
choose to use in suspensions. This further demonstrates the need 
for more official standards on particle size (5-7). However, the 
studies of controlled flocculation reported in this paper are sub- 
stantially independent of particle size. Of course, with a different 
concentration of drug or with a drug of different particle size, 
minor modification in electrolyte or surfactant concentration might 
be required. 


Results of the study of suspensions of sulfaguanidine wetted by 
M polysorbate 80 in the presence of different concentrations 


of aluminum chloride as flocculating agent are shown in Fig. 2. 
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Figure 2-Flocculation of sulfaguanidine, wetted by polysorbate 80, 
by alumjnum chloride. Key: 0, sedimentation uolume; and e, re- 
dispersion value. 


It can be seen that there was a steady increase in sedimentation vol- 
ume from about 5 X 10-5 M aluminum chloride until a maximum 
value of about 16% at 5 X M. Increase in concentration of 
aluminum chloride above this concentration produced no corre- 
sponding increase in sedimentation volume. The progressive rise in 
sedimentation volume was accompanied by an increase in the ease of 
redispersibility, as is evidenced by the number of revolutions of the 
redispersing apparatus required to return the system to a homo- 
geneous state. These results may readily be interpreted in terms of 
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Figure 3-Flocculation of sulfaguanidine, wetted by CETAB, 
by aluminum chloride. Key: 0, sedimentation uolume; and 0 ,  redis- 
persion value. 


Table I-Effect of Glycerol upon Suspensions of Sulfaguanidine 
Wetted by CETAB and Partially Flocculated by 
Aluminum Chloride, M 


Glycerol 
Concentration, Sedimentation Redispersion Value z wlv Volume 1 week 6 weeks 


0 18.0 8 8 
10 17.6 8 8 
1s 17.6 8 9 _ _  
20 
25 
30 
35 
4n 


i7I8 
18.4 
18.6 


8 
10 
12 


19.0 14 
19.3 16 ._ 


16 
- 


45 i9.S 
50 Diffuse, inelegant 


9 
11 
13 
14 
16 
16 
- 


suspension 


the changes in energies of interaction between the suspended par- 
ticles caused by adsorption of ions from solution. It has recently 
been shown that calculated energies of interaction for griseofulvin 
are in qualitative agreement with experimental stability results 
(8, 9). The general theory relating such values as zeta potential 
sedimentation volume and redispersibility has been previously 
discussed in some detail (1, 3). The sedimentation volumes of the 
flocculated systems are high because the floccules form rapidly 
and insufficient time is available for the formation of a tight, im- 
pacted cake. Thus, the ease of redispersibility increases with electro- 
lyte concentration since relatively small forces can accomplish 
destruction of the nonimpacted floc, whereas the reverse situation 
obtains in the deflocculated system. The results shown in Fig. 3 
for suspensions wetted by CETAB are similar. However, it is note- 
worthy that with this surfactant an increase in the concentration of 
flocculating agent above 5 X 10-2 M produced a reduction in sedi- 
mentation volume. 


Having determined the optimum aluminum chloride concen- 
tration for the two surfactants, some studies were made of the 
effect of glycerol upon the sulfaguanidine suspensions. Four series 
of suspensions were prepared for this study, two sets for both 
surfactants, with and without aluminum chloride. The results are 
shown in Tables I-IV. 


In the series of suspensions wetted by CETAB, in the presence of 
aluminum chloride, there was a small but significant increase of 
sedimentation volume as the glycerol concentration is increased 
until at 50% glycerol the products are quite inelegant. There was, 
however, a substantial increase in the redispersion value. A possible 
factor to be taken into account in considering this finding is that 
with the increase in viscosity of the medium the speed at which 
the redispersing machine operated was not great enough to re- 
disperse the floccules. It is suggested that when redispersibility 
tests are used on suspensions in which the vehicle is other than aque- 
ous, considerable care should be taken in the theoretical interpre- 
tation of such data since the effective shear at the particle-particle 
junctions in the floccules will vary with the viscosity and density of 
the continuous phase. In detailed studies of such systems, it might 
be useful to vary the redispersing force by modifications in appara- 
tus design or speed of operation. 


Table 11-Effect of Glycerol upon Suspensions of Sulfaguanidine 
Wetted by CETAB, with No Added Electrolyte 


Glycerol 


72 WIV Volume 1 week 6 weeks 
Concentration, Sedimentation Redispersion Value 


0 
10 
15 


6.0 loo+ loo+ 
7.4 83 loo+ 
9.7 76 loo+ 


20 10.3 64 100+ 
25 11.1 58 loo+ 
30 11.6 41 1OOf 
15 12.0 36 loo+ .. -- 
40 13.0 24 
45 13.0 18 
50 Diffuse. inelegant - 


loo ' 


94 
86 - 


suspension 
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Table 111-Effect of Glycerol upon Suspensions of Sulfaguanidine 
Wetted by Polysorbate 80 and Partially Flocculated 
by Aluminum Chloride, 5 X A4 


Glycerol 
Concentration. Sedimentation RedisDersion Value z wlv Volume 1 week 6 weeks 


0 
10 
15 
20 
25 
30 
35 
40 


16.1 
16.1 
16.2 
16.5 
16.8 
17.0 
17.2 
17.2 


9 
9 
9 


11 
13 
14 
15 
16 


9 
9 


10 
11 
12 
14 
16 
17 


The change in sedimentation volume recorded in Table I is 
considerably less than had been expected. It is possible that this 
finding could be due to interaction between the aluminum ion and 
glycerol which would affect the availability of flocculant electro- 
lyte, reducing the degree of flocculation of these systems. However, 
the authors have not been able to find literature substantiation of 
this hypothesis. This possible explanation is supported by the differ- 
ence in effect which the glycerol had upon the redispersion values 
of the flocculated and unflocculated systems. Values increased for 
the systems with electrolyte but decreased for the deflocculated 
systems. 


From the results shown in Table 11, it can be seen that in the ab- 
sence of flocculating agent, there was a marked increase in the 
sedimentation volume with increase in glycerol concentration, 
There was also a substantial increase in the ease of redispersibility 
as the glycerol concentration was increased. In the absence of elec- 
trolyte the sedimentation volume is controlled by such factors as 
viscosity and density of vehicle and the degree of heterogeneity of 
the dispersed phase. For any given system there is a critical particle 
size at which sedimentation will occur. Comparison of the redis- 
persion values shown in Tables I and I1 shows that while the electro- 
lyte-flocculated systems show no change in redispersion value over 
a 5-week period, the other systems show a marked decrease in the 
ease of redispersibility. This finding further points up the advantage 
of controlled flocculation. 


Tables 111 and IV show the results obtained when polysorbate 80 
was used as the wetting agent. The results are broadlysimilar to those 
obtained with the CETAB systems. Again, the change in sedimen- 
tation value with increasing glycerol concentration is very much 
greater in the absence of electrolyte, indicating the possibility of 
interaction between the flocculant and glycerol. Also, the effect of 
glycerol upon the redispersion value differs for the two systems in 
the same way as in the CETAB study. 


The results reported in this paper further demonstrate the utility 
of the controlled flocculation technique in suspension formulation. 
Sulfaguanidine, wetted by a suitable surfactant, may be flocculated 
by aluminum chloride to give a pharmaceutically elegant prepa- 
ration. Such suspensions may be readily redispersed, and tests have 
shown that even after prolonged storage such products retain satis- 


Table IV-Effect of Glycerol upon Suspensions of Sulfaguanidine 
Wetted by Polysorbate 80, with No Added Electrolyte 


Glycerol 
Concentration, Sedimentation Redispersion Value 


7z wlv Volume 1 week 6 weeks 


0 6.0 
10 7 . 1  
15 7 .7  
20 8.6  
25 10.1 
30 10.6 
35 11.2 
40 11.6 


lOO+ loo+ 
loo+ loo+ 
89 100+ 
14 100+ 
58 loo+ 
42 loo+ 
34 loo+ 
26 98 


factory physical properties; whereas in the absence of electrolyte, 
impaction becomes increasingly evident. The addition of glycerol 
to  the flocculated systems did not produce the added effect which 
was expected. Reasons for this behavior are the subject of further 
investigation. 
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which the time integral of concentration can be esti- 
mated by suitable sampling techniques. 


2. Elimination from this compartment is first order. 
Suppose that the amount of drug in the central com- 


partment at any time is X ,  that the volume of distribu- 
tion for the compartment is V,  and that the elimination 
rate constant is k,. Then the rate of elimination is k,X, 
and the amount of drug eliminated between times t and 
( t  + dz) is k,X dt. Consequently the total amount of 
drug absorbed (D)-which must equal the total amount 
eliminated-is given by 


P m  


D = J k,X dt 
0 


Dividing both sides of the equation by k,V and de- 
fining the concentration C as X/V give the required 
result: 


As is clear from its derivation, the result is independent 
of the method of administration of the drug and is true 
for a system comprising any number of compartments 
with any type of transfer between them, provided only 
that the two basic assumptions are true. The same argu- 
ment yields an analogous result for nth-order elimina- 
tion from the central compartment (i.e., rate of elim- 
ination = k,X“ where n # 0). In this case, it is seen 
that 


D/k,V“ = C” dt (Eq. 3) Lm 
(1) M. Gibaldi, R. Nagashima, and G. Levy, J.  Pharm. Sci., 58, 


193( 1969). 
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Acospectoside A I11 : Selective Conversion 
into Acovenoside B Using Snail Enzyme 
with Inhibited Esterase Activity 


glycosides, first advocated by Reichstein et al. (I), is well 
known. In the author’s structural studies (2, 3) on 
acospectoside A (I) (4), the cleavage of the terminal glu- 
cose residue could not be realized using several known 
glucosidase preparations, i.e., emulsin, strophantho- 
biase, P-glucosidase, invertase, taka-diastase, and cellu- 
lase. However, by using the snail enzyme the splitting 
of glucose could be accomplished, though to a small ex- 
tent leading to acovenoside B (11) (5,6) and the hydroly- 
sate contained acobioside A (111) (7) and acovenoside A 
(IV) (5, 6) and glucose as major products. It was 
further shown that I1 and I11 result by cleavage of the 
terminal glucose residue and C-1 ester group, re- 
spectively, while IV results by subsequent hydrolysis of 
I1 and I11 with esterase and P-glucosidase, respectively. 
These and other data enabled the determination of the 
structure of acospectoside A as 1 -0-acetyl-acobioside 


The low yield of I1 may be attributed to the higher 
order of activity of the esterase component, as compared 
to the P-glucosidase component, of the snail enzyme 
preparation. To  secure higher yields of 11, it was 
thought that by blocking the esterase component of the 
mixture the P-glucosidase activity might consequently 
be favored. This was actually realized by “poisoning” 
the esterase component by employing a commercial 
insecticide preparation’ containing 2,2-dichlorovinyl di- 
methyl phosphate (a choline esterase inhibitor) as an 
active ingredient. The result was the formation of aco- 
venoside B (11) as the sole crystalline product in about 
27% yield. The identity of the product was established 
by direct comparison (mixed melting point, TLC, 
paper chromatography, and IR spectra) with an 
authentic sample. 


In natural product studies, the need is frequently 
encountered to effect selectively the cleavage of an ester 
or a glycosidic linkage in the presence of the other. The 
availability of an enzyme preparation, such as that of 
snail, which would effect both, and a method to inhibit 
one and thus promote the other2 have obvious advan- 
tages in structure elucidation work. A recent example 
of the application of the herein reported technique is the 
case of gymnemic acid A, a complex triterpenoid ester 
glucuronoside with reported (9) antisweet and antiviral 
activities, in which Rao and Sinsheimer (10, 1 1 )  induced 
selective sugar cleavage with the snail enzyme without 
affecting the ester groups and thus obtained only one 
product. This stands in contrast to the mixture of at 
least four components obtained earlier by Stocklin 
et al. (12) by treatment of their gymnemic acids with 
snail enzyme. The utility of the method was also tested 
by Rao and Sinsheimer (10, 11) in three other instances, 
gymnemic acids B, C, and D, which again afforded 
single genins designated K, N, and M. 


A (1). 


Keyphrases 0 Acospectoside A, hydrolysis-snail enzyme IJ 
Acovenoside B formation-acospectoside A hydrolysis 0 TLC- 
identity Paper chromatography-identity c] IR spectropho- 
tometry-identity 0 


Sir: 


The use of snail (Helix pornatia) enzyme preparation 
for the hydrolysis of glucose residues in cardenolide 


1 Real-Kill, an insecticide marketed by Real-Kill Products, Division 
of Cook Chemical Co., Kansas City,, Mo., was employed as esterase 
inhibitor. In a typical procedure, a mutture of 75.6 mg. of I, 70 mg., of 
snail enzyme (Helicase, marketed by Industrie Biologique Francaise, 
S. A. Gennevilliers, France), and 0.4 ml. of Real-Kill in 12 ml. of water 
was left with stirring at room temperature for 5 days. 


2Another method has recently been reported (see Reference 8 )  for 
the selective inhibition of the 8-glucosidase activity in the mall enzyme 
which resulted in enhanced esterase activity. The results are being 
separately published. 
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Cytotoxic Activity of Imidazole Derivatives 


Keyphrases 0 Imidazole derivatives-synthesis 0 Cytotoxicity- 
imidazole derivatives 


Sir: 


In this communication, we wish to report the syn- 
thesis and cytotoxic activity of a number of imidazole 
derivatives (Compounds 1-8). The synthesis of these 
imidazole derivatives was accomplished by the reaction 
of a-haloketones with guanylhydrazones of aromatic 
aldehydes. The method of preparation of these com- 
pounds was very much similar to the one reported by 
Beyer et al. (1). The imidazole derivatives, Compounds 
1-8, were characterized by IR and UV spectroscopy. 


All these compounds were subjected to L-1210 in 
uitro assay for cytotoxic activity (2). In these screening 
experiments, the samples were weighed (about 5-10 
mg.) into glass homogenizers (32-ml. size) and sterilized 


Table I-Screening Data 
c,x - N =CH, K* 


R ‘ N , ! - - ~ ~ ,  


1 Phenyl 
2 Phenyl 
3 Phenyl 


4 3,CDihydroxy- 
phenyl 


5 m-Nitrophenyl 
6 p-Nitrophenyl 
7 Methyl 
8 Methyl 


~~~~~ 


0.022 0.038 H Phenyl 
Me Phenyl 0.96 1.5 
H 3,CMethylene- 0.29 0.47 


H 3,CMethylene- 27 50 


Me Phenyl 40 50 
H rn-Nitrophenyl 1.25 2.0 
H m-Nitrophenyl 21 50 


dioxyphenyl 


dioxyphenyl 


H O - H Y ~ ~ O X Y -  9.0 21 
phenyl 


with 0.1 ml. of 70% ethanol and about 0.1 ml. of 
dimethylsulfoxide (DMSO) to  help them solubilize. 
The sample was ground with sterile water to make a sus- 
pension containing L-12 10 leukemic cells. The tubes 
were stoppered and incubated at  37” for 3 days; then 
cell counts were made on each tube by a Coulter coun- 
ter. The percent inhibition and the ID50 and ID90 were 
calculated. 


The assay values for the compounds are shown in 
Table I. Values of 1 or less for ID5o were considered 
potentially active. 


Three compounds showed IDso values less than 1 .  
Based on these encouraging results, attempts are being 
made in our laboratories to synthesize a wide variety 
of these imidazole derivatives and to test them for 
L-1210 in uitro assay for possible cytotoxic activity. 
Obviously, more extensive testing will be required 
before any structure-activity correlation can be drawn. 


(1) €3. Beyer, A. Hetzheim, H. Honeck, D. Ling, and T. Pyl, 
Chem. Ber., 101, 3151(1968). 


(2) H. H. Buskirk, Proc. Tissue Culture Ass., 20, 23(1969). 
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Antigenicity of a Polypeptide with a 
Known Sequence of Amino Acids 


Keyphrases Polypeptides-known amino acid sequence 0 
Antigenicity-polypeptide 


Sir: 


Random copolymers containing varying amounts of 
the amino acid residues, alanine, glutamic acid, and 
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a 


TIME 
Figure 1-Gas chromatograph showing: (1)  solvent peak; deriDatiues 
of; (2) benzoic ucid; (3 and 4) salicylic acid: ( 5 )  acetylsulicylic acid: 
(6) 2,5-dihydroxybenzoic acid; (7)  2,3-dihydroxybenzoic ucid; and 
(8) 2,3,4-trihydroxybenzoic acid. 


persisted, after which approximately a 20% excess by volume of 
ethereal diazomethane was added. The reactions were allowed to 
proceed at room temperature for 48 hr. in stoppered flasks. Ad- 
ditional ethereal diazomethane was added periodically if the result- 
ing solutions became clear. After the reaction was completed, the 
solvent was evaporated at room temperature under a stream of dry 
nitrogen. The residual yellow viscous methyl ester-methyl ether 
derivatives were transferred quantitatively to 10-ml. volumetric 
flasks and brought to volume with pyridine. 


An Aerograph 200, model 20418 (Wilkens Instrument and Re- 
search Inc., Walnut Creek, Calif.) equipped with a hydrogen-flame 


ionization detection system was used. Separations were carried out 
at 155" with a 1.524 m. ( 5  ft.) X I .75 mm. i.d. stainless steel column 
packed with 5 %  SE-30 on diatomaceous earth' 60-80 mesh. In- 
jector and detector temperatures were maintained at 205". The 
helium carrier gas flow rate was 25 ml. per minute and the hydrogen 
pressure was maintained at 10 p.s.i. 


RESULTS AND DISCUSSION 


The relative retention times of the respective derivatives, as com- 
pared with the retention time of the methyl ester of benzoic acid, 
are reported in Table I. Figure 1 represents a chromatograph of a 
mixture of the respective compounds. Salicylic acid yielded two 
peaks with the same relative retention times following three separate 
derivative preparations. The purity of the salicylic acid was con- 
firmed by TLC. 2,3,4-Trihydroxybenzoic acid was used as a model 
for the behavior of the 2,3,5-trihydroxybenzoic acid metabolite. 
It is not unreasonable to assume that the two compounds would 
demonstrate similar behavior toward the GLC system used. Since 
the retention time of the trihydroxy derivative is much longer than 
any of the other hydroxy derivatives, one would not expect the 
2,3,5-trihydroxy metabolite to interfere with the analysis of the 
other compounds. The derivatives were found to be stable for a 
period of several weeks when stored at 4". 
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New Synthesis of rac. Anhalonidine and rac. Pellotine 


M. TAKIDO, K. L. KHANNA, and A. G. PAUL 


Abstract 0 A new synthesis of rac. anhalonidine and ruc. pellotine 
is reported. The procedure, a modification of the method of Bobbitt 
et ul. (5) for the synthesis of 1,2,3,4-tetrahydroisoquinolines, is 
simpler and gives better yields than those previously reported. 
Keyphrases 0 Anhalonidine, racemic-synthesis 0 Pellotine, 
racemic-synthesis 0 IR spectrophotometry-structure 0 NMR 
spectroscopy-structure 


The need for quantities of anhalonidine and pel- 
lotine for use in the biosynthesis of the peyote alkaloids 
and the inability to obtain them commercially or in 
sufficient quantities from the peyote cactus required 


that they be synthesized. Reported syntheses (1-4) are 
either lengthy or the yields are low. The method of 
Bobbitt et al. (5) for the synthesis of related tetrahydro- 
isoquinolines was modified for the synthesis of these 
alkaloids as shown in Fig. 1. 


3,4-Dimethoxygalloacetophenone (I), prepared by 
the method of David and Kostanecki (6) ,  was condensed 
with aminoacetaldehyde diethylacetal to give Schiffs 
base (11) which was conveniently reduced at room 
temperature with sodium borohydride to yield N-[2- 
(3 f y 4 f  - dimethoxy- 2' - hydroxyphenyl)ethyl]aminoacetal- 
dehyde diethylacetal (111). Compound 111 was cyclized 
in 8 N HC1 at room temperature to yield 4,8-dihy- 
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OH 


OH bH, 


IV V 


1 1 


VI VII 


Figure I-Synrhesis of rac. unhalonidine and rac. pellotine. 


droxy-6,7-dimethoxy- 1 -methyl- 1,2,3,4 - tetrahydroiso- 
quinoline hydrochloride (IV). Reduction of IV in 6 N 
HC1 with palladium-on-charcoal as the catalyst yielded 
anhalonidine hydrochloride (VI). Alternatively, 111 
was mixed with 6 N HCl and palladium-on-charcoal 
and reduced to  give VI directly. Yields by both methods 
were approximately equal. 


Pellotine (VII) was synthesized by adding sodium 
borohydride to a mixture of IV and formaldehyde in 
methanol to give 4,8-dihydroxy-6,7-dimethoxy-1,2- 
dimethyl-1,2,3,4-tetrahydroisoquinoline (V). Reduction 
of V in 6 N HC1 with palladium-on-charcoal as the 
catalyst yielded VII as the hydrochloride. Alternatively, 
VII was prepared by methylation of VI using formalde- 
hyde in methanol in the presence of sodium borohy- 
dride. 


In addition to presenting new methods for the syn- 
thesis of VI and VII in better yields then previously re- 
ported, 111, IV, and V represent new compounds not 
previously reported in the literature. Proof of structure 
of these compounds is based upon elemental analyses, 
IR and NMR spectral data, and analogy with similar 
types of compounds synthesized by Bobbitt and Sih 
(7). 


EXPERIMENTAL 


N-[2-(3 ',4'-dimethoxy-2 '-hydroxyphenyl)ethyl]aminoacetaldehyde 
Diethylacetal (111)-A solution of I (3.96 9.) and aminoacetalde- 
hyde (2.66 9.) in 80 ml. of absolute ethanol was allowed to stand at 


room temperature for 24 hr. The solution was stirred at room tem- 
perature and sodium borohydride (1 .O g.) was added in small por- 
tions over a period of 0.5 hr. The solution was then added to 80 ml. 
of water and extracted with ether (3 X 200 ml.). The ether solution 
was concentrated and extracted with 1 N HCI. The acid extract was 
basified with 2 N Na2C03 solution and extracted with ether. The 
ether was removed and the oil (4.5 g., 71 %) was purified by dis- 
tillation, b.p. 116-117"/0.03 mm. Y ~ ~ , ~ , . :  3275 cm.-l (-NH-); 
3125 cm.-' (-OH). NMRl (CDCI,), p.p.m.: 6.46 d [l], J = 8 C.P.S. 
(ar. H); 6.13 d [l], J = 8 C.P.S. (ar. H); 4.45 tr [l], J = 5 C.P.S. 


m[4],(2 X -0-CH2-CH3); 2.53 d[2],J = 5c.p.s.[-CH2-CH- 
(OC2H&]; 1.19 m [9], (2 X -OCH2-CH,; -NH-CH-CH,). 


Anal.-Calcd. for Cl6H27N05: C, 61.32; H, 8.68. Found: C, 
61.74; H, 8.48. 


4,8-Dihydroxy-6,7-dimethoxy- 1 -methyl- 1,2,3,4- tetrahydroiso- 
quinoline (IV) Hydrochloride (4-Hydroxyanhalonidie Hydrochlo- 
ride)-Compound I I I  (3.0 g.) was dissolved in 75 ml. 8 N HCl and 
the solution was permitted to stand for 10 hr. at room temperature. 
The acid solution was then adjusted to pH 6.5 with aqueous NaOH 
and washed with chloroform. The aqueous solution was filtered, 
freeze-dried, and the solid residue extracted with chloroform- 
methanol (9: 1). The extract was evaporated to dryness in UQCUO at 
<40" and the residue crystallized from methanol-ethylacetate as 
colorless plates, m.p. 217-218" (yield, 2.5 g., 87%). IR (KBr): 
3420 cm.-l (-NH-); 3100 cm.-' (-OH); 1178 cm.-' (phenolic 
-OH); 1070 cm-'(sec. alcohol -OH). 


Anal.-Calcd. for C,2H18CINOa: C, 52.27; H, 6.58; C1, 12.86; N, 
5.08. Found: C, 52.10; H, 6.70; C1, 12.84; N, 5.03. 


The base, prepared from the hydrochloride, crystallized from 
benzene-ethylacetate as colorless plates, m.p. 195-196" (dec.). IR 
(KBr): 3510 cm.-' (-NH-); 3070 cm-1 (-OH); 1190 cm.-l 
(phenolic -OH); 1060 cm.-l (sec. alcohol --OH). NMR (DMSO), 


p,p.m.: 6.49 s [I], (ar. H); 4.17,4.05, 3.95 complex [2], [CHa-CB- 


[-CHZ-CH(OC~H~)~]; 3.91 s [3], (OCH3); 3.82 ~[3],(0CHa); 3.60 


1 
NH--, -CkI(OH)-CH2-]; 3.77 s [3], (-0CH3); 3.68 S [3], 


(-0CHa); 2.91 q [2], J = 2.5 C.P.S. [-CH(OH)-CH,]; 1.26 d [3], 
J = 6.5 C.P.S. (CHg-CH-NH-). 


I 


The picrate, prepared from the hydrochloride, recrystallized from 
benzene-ethanol as yellow plates, m.p. 206-208 '. 
4,8-Dihydroxy-6,7-dimethoxy-1,2-dimethyl-1,2,3,4-tetrahydro- 


isoquinoline (V) (4-Hydroxypellotine)-Compound IV (200 mg.) 
and formaldehyde (120 mg., 37%) were dissolved in methanol (10 
ml.). Sodium borohydride (80 mg.) was added to the stirred solution 
in small portions over a period of 0.5 hr. The solution was then 
added to water (10 ml.) and extracted with chloroform (3 X 20 ml.). 
The chloroform extract was evaporated to dryness and the residue 
washed with ether, The crystalline solid remaining was crystallized 
from benzene to give colorless needles, m.p. 177-178" (yield 180 mg., 
86%). IR (KBr): 3130 cm.-I(-OH); 1185 cm.-'(phenolic -OH); 
1080 cm.-I (sec. alcohol -OH). NMR (CDClA p.p.m.: 6.54 s [I], 
(ar. H); 4.40 s, 4.09 s ,  3.98 complex [2], [--CH(OH)-CH,--, 


2.90 d [2],J = 13 C.P.S. [-CH(OH)-CH2]; 2.50 s [3], ()N-CH,), 


I 
-NH-CH-CHa]; 3.88 s [3], (-OCHs); 3.86 s 131, (-0CH3); 


2.17 S El], [-CH(OH)-CH2-]; 1.17 d 131, J = 6.5 c.P.S. [-CH- 
(CH3)--N\l. / 


Ano[.-Calcd. for ClnHl9NO4: C, 61.64; H, 7.56; N, 5.53. Found: 
C,61.84; H, 7.66; N, 5.44. 


Anhalonidine (VI) Hydrochloride-Merhod A-Compound 111 
(1.2 9.) was dissolved in 8 N HCl(25 ml.) and the solution was per- 
mitted to stand at room temperature for 9 hr. The solution was then 
adjusted to approximately 6 N by the addition of water (10 ml.) and 
additional 6 N HCI (10 ml.) added. Palladium-on-charcoal (1.0 g., 
5 %) was added and the mixture was reduced at atmospheric pres- 
sure and room temperature for approximately 24 hr. The mixture 
was filtered and the filtrate concentrated in Ljacuo at <50" using a 
film-flash evaporator. Ethanol-benzene was added from time to time 
to azeotrope the water. The solid residue obtained was crystallized 
from methanol-ether to give colorless needles (yield 0.75 g., 73 z). 


Method B-Compound IV (100 mg.) was dissolved in 6 N HCI 
(20 ml.), palladium-on-charcoal (0.2 g., 5 %) added, and the mixture 


1 s = singlet; d = doublet; tr = triplet; q = quartet; m = multiplet; 
ar. = aromatic. 
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was reduced and treated as described above (yield, 70 mg., 7473. 
The free base, m.p. 160" [lit. m.p. (1) 160"], and the salicylate, 


m.p. 223-225" [lit. m.p. (4) 2235224.5'1, prepared from VI hydro- 
chloride showed no melting point depression when mixed with 
authentic samples. The IR spectra of the hydrochloride and the 
salicylate were identical with authentic samples. 


Pellotine (VII) Hydrochlorid-Method A-Sodium borohydride 
(20 mg.) was added in small portions over a period of 0.5 hr. to a 
stirred solution containing VI (38 mg.) and formaldehyde (2 drops, 
3773 in methanol ( 5  ml.) at room temperature. The solution was 
then added to water ( 5  ml.) and extracted with chloroform (3 X 10 
ml.). The chloroform extract was dried over anhydrous sodium 
sulfate and then evaporated to dryness. The residue was dissolved in 
a small quantity of methanol-chloroform-ether,and dry HCI gaswas 
passed through the solution. Colorless needles crystallized (yield 35 
mg., 75 73. 


Method B-A mixture of V (90 mg.), 6 N HCI (20 ml.), and 
palladium-on-charcoal (200 mg., 5 %) was reduced at atmospheric 
pressure and room temperature for approximately 24 hr. The mix- 
ture was filtered and the filtrate concentrated in vacuo at <50" using 
a film-flash evaporator. Ethanol-benzene was added from time to 
time to azeotrope the water. The solid residue was crystallized from 
methanol-ether (yield 87 mg., 89%). 


The free base, m.p. 116" [lit. m.p. (1) 111-112"], showed no 
melting point depression when mixed with authentic pellotine. The 
IR spectra of the base and hydrochloride were identical with that 
of authentic samples. 
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Pentaerythritol Tetranitrate Sustained-Release Tablets: 
Relation of In Vitro Release of the Drug to Blood Pressure 
Changes after Administration to Anesthetized Cats 


SACHCHIDANANDA BANERJEE, ARUN KUMAR MUKHERJEE, and ARUP KUMAR HALDER 


Abstract 0 The in vitro release of pentaerythritol tetranitrate 
(PET) from a sustained-action PET tablet was determined using 
USP tablet disintegration apparatus with the modification that 
100-mesh stainless steel wire cloth replaced the usual 10-mesh. 
The immersion medium was simulated gastric fluid for the first 
2 hr. and simulated intestinal fluid for the subsequent 10 hr. There 
was a gradual release of the drug and 80 to 100% of the drug was 
dissoluted at the end of 12 hr. The tablet when administered by 
mouth to anesthetized cats produced a 28 to 3 0 z  fall in arterial 
blood pressure which persisted for 12 hr. A good correlation be- 
tween the rate of release of the drug in vitro and the in vivo effect in 
sustained lowering of the blood pressure was obtained. The in vitro 
method described is proposed for the quality control of sustained- 
action PET tablets. 


Keyphrases n Pentaeryt hritol tetranitrate sustained-release tablets- 
drug release 0 Blood pressure changes-pentaerythritol tetrani- 
trate release 0 Dissolution rates-pentaerythritol tetranitrate 
tablets In oivo-in oitro release rates correlation-pentaerythritol 
tetranitrate tablets 


Difficulties were experienced in testing the quality of 
sustained-release tablets of pentaerythritol tetranitrate 
using procedures usually adopted for the quality con- 
trol of sustained-release preparations. In the dissolu- 
tion test the concentration of the drug released in the 
bath fluid from the tubes containing tablets is esti- 


mated at various intervals. In the assay of penta- 
erythritol tetranitrate such a procedure could not be 
adopted as the analysis is based on the estimation of 
nitrates. To estimate nitrates in the bath fluid, large 
volumes of the solution had to be evaporated to dry- 
ness before extraction with glacial acetic acid (1). I n  
the in viuo test the determination of the rate of absorp- 
tion of the drug would involve the collection of large 
volumes of blood at  frequent intervals and estimation 
of the drug in these blood samples. Both procedures 
were impractical. 


In the dissolution test, if the remnants of the tablets 
in the disintegration apparatus and not the bath fluid 
were collected at  different intervals, the estimation of 
pentaerythritol tetranitrate would be possible and the 
in ~ i t r o  rate of release of the drug from the tablet could 
be calculated. The drug lowered blood pressure and a 
sustained fall in blood pressure could be observed when 
the sustained-release tablet was administered to cats. 
A study, therefore, was undertaken to establish a 
relation, if any, between the in vitro release of the drug 
and the lowering of blood pressure in cats after ad- 
ministration of sustained-release pentaerythritol tetra- 
nitrate tablets. A good correlation was observed be- 
tween the in vitro release of the drug and the fall in 
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Effect of Tablet Processing and Formulation Factors on 
Dissolution Rate of the Active Ingredient in Human Gastric Juice 


SISSEL SOLVANG and PER FINHOLT 


Abstract 0 The effect of the granulation and tableting processes 
on the dissolution rate of phenobarbital, sodium phenobarbital, 
phenacetin, and prednisone in human gastric juice has been in- 
vestigated. A study has also been made on the influence of the 
particle size of the active ingredient and the effect of different 
binders on the dissolution rate of phenobarbital. 


Keyphrases c] Tablet dissolution rates-human gastric juice c] 
Gastric juice, human-phenobarbital, phenacetin, prednisone 
tablets, dissolution 0 Formulation, processing effects-dissolution 
rates 0 Particle size effect-phenobarbital dissolution lJ Binders 
effect-tablet dissolution 


The effect of formulation and processing factors on 
the dissolution rate of the active ingredients of com- 
pressed tablets has been the subject of a number of re- 
ports (1-14). Various dissolution media such as water, 
hydrochloric acid, buffer solutions, simulated gastric 
juice, and simulated intestinal fluid, have been used, 
but, surprisingly enough, not that solvent, in which the 
dissolution process takes place in oioo-that is, human 
gastric juice. 


The scope of the present investigation was to study 
the effect of the granulation and tableting processes 
and the influence of certain formulation factors on the 
dissolution rate of the active ingredient in human 
gastric j uice. 


EXPERIMENTAL 


Materials-All drugs were of Pharmacopoea Nordica grade. 
The phenobarbital and phenacetin powders were separated into the 
desired size fractions by sieving. The prednisone used was a micron- 
ized product, having a particle size between 1 and 8 p determined 
with a Celloscope, an apparatus that works on the Coulter counter 
principle. 


The gastric juice was obtained as described in an earlier paper 
(15). A mixture of equal parts of gastric juice and water was used as 
dissolution medium. This mixture is named "diluted gastric juice" 
in the present paper. 


Preparation of Granules and Tablets-The desired size fraction 
of the drug powder was mixed with potato starch (or potato starch + lactose) and gently moistened with the granulating solution. The 
moistened mass was sieved and dried. The dry granules were sep- 
arated into different size fractions by sieving. The 0.71-1.00 mm. 
size fraction of the granules' was mixed with a lubricant and com- 
pressed into tablets on a single punch tablet machine. Specifications 
for the experimental granules and tablets are given in Table I. 


Determination of Hardness-The hardness of the tablets was 
determined with a Pfizer tablet hardness tester. 


Determination of Disintegration Time-The disintegration time of 
the tablets was determined according to The Nordic Pharmacopeia: 
three tablets were placed in a conical flask, mixed with 30 ml. of 
water at a temperature between 36 and 40" and kept at this temper- 
ature with frequent swinging of the flask. 


Determination of Dissolution Rate-The dissolution rate was 
determined by the beaker method of Levy (16) with minor changes 


1 Granules passing through standard sieve U. S. No. 18 (sieve opening 
1.00 mm.), but not through sieve No. 25 (sieve opening 0.71 mm.). 


Table I-Specifications for Experimental Granules and Tablets 


---Phenobarbital Granules and Tabletsa- 
I 11 111 


Phenobarbital& 
Potato starch 
Gelatinc 


Carboxymethyl- 
cellulosed 


Polyethylene 
glycol 6OOo" 


Magnesium 
stearate and 
talc (1 f9) 


Tablet hardness 
Disintegration 


time 


loo g. loo g. 100 g. 
70 g. 70 g. 70 g. 


A sufficient 
quantity 


A sufficient 
quantity 


A sufficient 
quantity 


10 g. 10 g. 10 g. 


30 sec. 5 min. 20 sec. 


4.4 kg.cm.-Z 2.1 kg.cm.? 0.9 kg.cm.-2 


Sodium Phenobarbital Granules and Tablets If 


Sodium phenobarbital0 125 g. 
Potato starch 70 g. 
Gelatinh A sufficient quantity 
Magnesium stearate 


and talc (1  +9) 10 g. 
Tablet hardness: 6.4 kg.cm.-2 
Disintegration time: 3 min. 


Phenacetin Granules and Tabletsi 
~~ ~ ~ ~~ ~ 


Phenacetin (0.21-0.30 mm.) 500 g. 
Potato starch 115 g. 
Gelatinc A sufficient quantity 
Magnesium stearate 


and talc (1 +9) 30 g. 
Tablet hardness: 4.5 kg.an-2 
Disintegration time: 1 min. 


~ ~ 


Prednisone Granules and Tabletsj 


Prednisone (<8 p) 5 g. 
Lactose 80 g. 
Potato starch 85 g. 
Gelatinc A sufficient quantity 
Magnesium stearate 


and talc (1 f9) 
Tablet hardness: 6.6 kg.cm.-l 
Disintegration time: 1.5 min. 


10 g. 


a1000 tablets, diameter 8 mm. b Particle size: 0.21-0.30 mm., if not 
otherwise stated. c 4% solution of gelatin in water as granulatmg agent. 
d 2% solution of sodium carboxymethylcellulose in water as granulat- 
ing agent. . S O %  solution of Carbowax 6000 in alcohol (95%)  as 
granulating agent. I 1000 tablets, diameter 8 mm. B A crystalline powder 
with most particles within the 0.11-0.30 mm. range was used. h 10% 
solution of gelatin in alcohol as granulating agent. i 1000 tablets, di- 
ameter 13.5 mm. i 1000 tablets, diameter 8 mm. 


(15). For each test the drugs, granules, and tablets were-if not other- 
wise stated-used in amounts that were more than sufficient for 
saturation of the dissolution medium with the drug. The drug pow- 
ders and the granules were gently spread over the surface of the 
fluid, and settled down through the fluid during the test. The tablets 
were dropped into the dissolution medium. At appropriate intervals 
samples of the dissolution medium were withdrawn, filtered and 
analyzed. 


Analytical Methods-Determination of Prednisone-The samples 
withdrawn were diluted with 0.1 N HCI and absorbances were 
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Figure 1-Rate of dissolution of phenobarbital from powder, granules 
I ,  and tablets I in diluted gastric juice (surface tension 42.5 dynes 
cm.-1, pH 1.70). Key: 0, phenobarbital powder; A, phenobarbital 
granules I ;  e, phenobarbital tablets 1. 


measured at 243 mp with a Beckman DK 2A spectrophotometer. 


earlier ( I  5) .  
Phenobarbital and phenacetin were determined as described 


RESULTS AND DISCUSSION 


Effect of the Granulation and Tableting Processes-The rate of 
dissolution of phenobarbital, phenacetin, and prednisone was 
determined before and after granulation and compression into 
tablets. 


It will be seen from Figs. 1-3 that the rate of release of all three 
drugs from the granules is higher than the rate of dissolution of the 
pure drugs. The granulation process has increased the dissolution 
rate, probably by making the originally hydrophobic drug particles 
h ydrophilic. 


Figs. 1 and 3 show that phenobarbital and prednisone are re- 
leased at a higher speed from the tablets than from the granules. The 
reason for this is probably that the drugs-during the dissolution 
test-are more rapidly wetted when contained in tablets, because 
the tablets are dropped into the dissolution medium and disin- 
tegrate completely within 1-2 min., whereas the granules are spread 
over the surface of the fluid and settle more slowly down through 
the fluid. It is also possible that the compression process leads to 
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Figure 2-Rate of dissolution of phenacetin from powder, granules, 
and tablets iti diluted gastric juice (surface tension 42.7 dynes cm.-l, 
p H  1.85). Key: 0, phenacetin powder; A, phenacetin granules; e, 
phenacetin tablets. 
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Figure 3-Rate of dissolution of prednisone from powder, granules, 
and tablets in diluted gastric juice (surface tension 41.1 dynes c n c ' ,  
pH 1.50). Key: 0, prednisone powder; A, prednisone granules; a, 
prednisone tablets. 


deformation or crushing of the granule particles, thus increasing the 
specific surface area of the granules and their rate of dissolution. In 
this connection it may be noted that Higuchi er al. (17) have shown 
that the specific surface area of tablet granules becomes greater with 
increasing compression pressure. These authors assumed that this 
was due to the crushing of the granule particles. In a later paper 
Higuchi et al. (18) have shown that with normal tableting pressures, 
deformation of the granules takes place but without the particles 
breaking up. The particles are changed from being almost spherical 
to being nearly disk-shaped and hence their surface area is increased. 


The experiments, the results of which are given in Figs. 1-3, were 
so scaled that there would always be undissolved drug remaining 
at the end of each test. Figure 4 shows the results of an experiment 
where such amounts of phenobarbital powder, granules and tablets 
were used for each test that a complete dissolution might occur (one 
100-mg. tablet or an equivalent amount of granules or drug pow- 
der). It will be seen that this procedure leads in principle to the 
same result as the other procedure, i.e., the tablets showing a faster 
dissolution rate than the granules and the drug powder. 


Effect of Particle Size of the Active Ingredient-Phenobarbital 
tablets were prepared according to Formula I. Different size frac- 
tions of the drug powder were used. Figure 5 shows that the rat? of 
dissolution of phenobarbital from the tablets increases with de- 
creasing particle size of the drug. This result was expected since the 
granulation process has made the surface of the drug particles hy- 
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Figure &Rate of dissolution of phenobarbital from powder, granules 
I ,  and tablets I in diluted gastric juice (surface tension 46.4 dynes 
cm.-1, p H  1.95). Key: 0, phenobarbital powder; A, phenobarbital 
granules; e, phenobarbital tablets. 
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Figure 5-Effect of particle size of phenobarbital on dissolution rate 
oj the drug from tablets I in diluted gastric juice (surface tension 
40.5 dynes cm.-'.pH 1.50). 


drophilic. In addition the dissolution medium has a low surface 
tension. 


Effect of Different Binders-Phenobarbital tablets were prepared 
according to Formulas I, 11, and 111. The same pressure was, as far 
as possible. used for the compression of the three batches of tablets. 


Figure 6 shows that there are great differences in dissolution rates. 
These differences could not be attributed to differences in disinte- 
gration times during the dissolution test. Tablets I disintegrated 
within 45 sec., tablets I1 within 6 min., and tablets 111 within 20 
sec. This means-as an example-that even though tablets II[ had a 
slightly shorter disintegration time in diluted gastric juice than 
tablets I, the rate of dissolution was much lower. 


It will be seen from Fig. 6 that the tablets prepared with gelatin as 
granulating agent have a much higher dissolution rate than the 
tablets prepared with CMC or polyethylene glycol 6000 as binders. 
This result is in accordance with earlier findings (8) from this 
laboratory that the use of gelatin as binder leads to granules and 
tablets with a very high dissolution rate in 0.1 N HCI. The high dis- 
solution rate ofthese granules and tablets is believed to be due to the 
ability of gelatin to make originally hydrophobic surfaces of drug 
particles hydrophilic. This theory is supported by earlier experiments 
with phenacetin as model substance, showing that this hydrophobic 
drug after mixing with potato starch and granulation with gelatin 
dissolved at the same high rate in 0.1 N HC1 as the ungranulated 
drug did in 0.1 N HC1 containing 0.2% polysorbate 80 as wetting 
agent (8). 


The reason why phenobarbital dissolves so slowly from tablets 
I1 is probably that the binder, sodium carboxymethylcellulose, at 
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Figure 6-Rate of dissolution of phenobarbital from tablets I ,  11, 
and I l l  in diluted gastric juice (surface tension 39.4 dynes ern.-', 
p H  1.50). 
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Figure 7-Rate of dissolution ofphenobarbital and sodilim phenobar- 
bital from powder, granules I ,  and tablets I in 0. I N HCI. The dotted 
line parallel with the x-axis indicates the concentration of a saturated 
solution of phenobarbital in 0.1 N HCI at 37". Key: --, pheno- 
barbital; - - -, phenobarbital sodium; 0, powder; A, granules l; 
e, tablets I .  


the pH of the dissolution medium (pH 1.5) is converted into the less 
hydrophilic free acid. 


As far as tablets 111 is concerned the slow dissolution is assumed 
to be due to a complex formation between the drug and the granu- 
lating agent. Each tablet I i i  contained 100 mg. of phenobarbital 
and about 35 mg. of polyethylene glycol 6000. Higuchi and Lach 
(19) and later Singh et al. (20) have shown that phenobarbital forms 
stable compounds of reduced solubility with polyethylene glycols, 
Singh ei al. found the ratio to be 45.5 mg. of polyethylene glycol 
4OOO per 100 mg. of phenobarbital at 37" and pH 5.3. The following 
experiment seems to indicate that a complex of reduced solubility 
is formed between the drug and the granulating agent of tablets 
111. 


Two tablets were placed in 40 ml. of hydrochloric acid solution 
pH 1.5 (the pH of the diluted gastric juice) and the mixture was 
equilibrated at 37" for 30 hr. A phenobarbital concentration of only 
65 mg. % was found, whereas tablets I and Ii gave a phenobarbital 
concentration of 180 mg. 2 under the same experimental condi- 
tions. The complex between the drug and the granulating agent of 
tablets 111 is probably formed during the dissolution test and not 
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Figure %-Rate of dissolution of phenobarbital arid sodium phenobar- 
bital from powder, granules I ,  and tablets I in diluted gastric juice 
(surface tension 40.5 dynes cm.-', pH 1.70). The dotted line parallel 
with the x-axis indicates the co~iceritratioii of a saturated solution of 
phenobarbital in diluted gastric juice at 37". Key: -, phenobarbital; 
- - -, phenobarbital sodium; 0, powder; A, granules I; a, tablets I. 
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during the preparation of the tablets, since the amount of alcohol 
used for granulation (about 35 g. per 100 g. of phenobarbital) can 
not dissolve more than 4 z  of the total amount of drug present. 


It may be mentioned that complexation in some cases may in- 
crease dissolution rates. Wurster and Kildsig (21) found that addi- 
tion of creatinine, tartaric acid, malic acid, or succinic acid to the 
dissolution medium increased the solubility and the dissolution rate 
of m-aminobenzoic acid. 


Comparative Studies of Release Rate of a Drug and Its Sodium 
Salt from Granules and Tablets-In a previous study (15) the rate of 
dissolution of sodium phenobarbital in diluted gastric juice was 
determined and compared with the rate of dissolution of the salt 
in a hydrochloric acid solution having the same pH as the diluted 
gastric juice. It was found that initially nearly the same high drug 
concentration was obtained in both dissolution media. However, 
the precipitation of the free acid in excess of solubility took place 
at a much slower rate in gastric juice than in hydrochloric acid. 


In the present study the rate of dissolution of phenobarbital and 
sodium phenobarbital from granules and tablets has been determined 
using 0.1 N HCl and diluted gastric juice as dissolution media. 
Comparisons with the rate of dissolution of the pure drug have been 
made. 


Figures 7 and 8 show that the rate of dissolution of the sodium 
salt in both dissolution media is lowered by granulating a mixture 
of the drug and potato starch with gelatin. Compression of the 
granules into tablets results in a further reduction of the dissolution 
rate. If the free acid is used instead of the sodium salt, the granula- 
tion procedure and the tableting have-as mentioned earlier-the 
opposite effect: the dissolution rate is increased by granulation of 
the drug and further increased by compression of the granules. 


By comparing the curves for sodium phenobarbital powder in 
Figs. 7 and 8 it will be seen that the precipitation of the free acid is 
much faster in 0.1 N HCl than in diluted gastric juice. It is also evi- 
dent from these figures that granulated sodium phenobarbital forms 
a supersaturated solution of the free acid in diluted gastric juice 
but not in 0.1 N HCl. The rate of precipitation of the free acid in 
diluted gastric juice is obviously so low compared with the rate of 
dissolution of the granules that a supersaturated solution may be 
formed, whereas in 0.1 NHCl this is not the case. 


Figures 7 and 8 also show that granulation of the free acid leads 
to a greater increase of the dissolution rate in 0.1 N HCI than in 
diluted gastric juice. This was expected since 0.1 N HCI has a much 
higher surface tension than diluted gastric juice. 


Tablets prepared from the free acid had a much higher dissolution 
rate in both media than tablets prepared from the sodium salt. 
This was due to the fact that tablets containing the free acid disin- 
tegrated rapidly in 0.1 N HC1 and diluted gastric juice, whereas 
tablets containing the sodium salt, although disintegrating fast in 
water, did not disintegrate in the acidic media, but swelled and dis- 
solved slowly from the surface. 


Some experiments were done to prepare sodium phenobarbital 
tablets with better dissolving properties in acidic media. Dry granu- 
lation of a mixture of the drug and potato starch instead of wet 
granulation of the same mixture with gelatin did not cause any 
improvement. Better results were obtained by direct compression of 
a mixture of the drug with microcrystalline cellulose. But even these 
tablets exhibited much slower dissolution rate than phenobarbital 
tablets prepared according to Formula I. 


SUMMARY AND CONCLUSIONS 


1 .  The rate of release of phenobarbital, phenacetin, and predni- 
sone from granules and tablets prepared with gelatin as granulating 
agent was faster than the rate of dissolution of the pure drugs. 
Phenobarbital and prednisone were released at a higher speed from 
the tablets than from the granules. It is thus evident that both the 
granulation process and the compression of the granules may in- 
crease the rate of dissolution of drugs in human gastric juice. 


2. The rate of dissolution of phenobarbital from tablets prepared 
with gelatin as granulating agent increased with decreasing particle 
size of the drug. 


3. Phenobarbital tablets prepared with gelatin as granulating 
agent were found to dissolve much faster in human gastric juice 


than tablets prepared with sodium carboxymethylcellulose or poly- 
ethylene glycol 6 W  as binders, probably because gelatin makes the 
originally hydrophobic surface of the drug particles hydrophilic, 
whereas sodium carboxymethylcellulose at the pH of the dissolution 
medium is converted into the less hydrophilic free acid and poly- 
ethylene glycol 6000 forms a complex of reduced solubility with 
phenobarbital. 


4. The rate of dissolution of sodium phenobarbital in human 
gastric juice and in 0.1 N HCl was lowered by granulating a mixture 
of the drug and potato starch with gelatin. Compression of the 
granules into tablets resulted in a further reduction of the dissolu- 
tion rate. These tablets dissolved much slower in both media than 
tablets prepared in a similar way from phenobarbital. The reason 
for this was that the sodium phenobarbital tablets, although disin- 
tegrating rapidly in water, did not disintegrate in the acidic media, 
but swelled and dissolved slowly from the surface. In contrast to this 
the phenobarbital tablets disintegrated very rapidly in acidic media 
as well as in water. Attempts to use dry granulation or direct com- 
pression in order to  obtain sodium phenobarbital tablets dissolving 
as fast as the phenobarbital tablets in acidic media were not suc- 
cessful. It appears thus to be more difficult to prepare fast dissolving 
tablets from the highly soluble sodium salt of phenobarbital than 
from the corresponding poorly soluble free acid. It has often been 
claimed that rapid dissolution of the active ingredient of tablets in 
the stomach represents a problem only as far as poorly soluble drugs 
are concerned, but it may certainly be a problem also when the 
drug in question is very soluble. 
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Use of the Derjaguin, Landau, Verwey, and Overbeek Theory 
to Interpret Pharmaceutical Suspension Stability 


B. A. MATTHEWS” and C. T. RHODESt 


Abstract 0 Earlier work on the coagulation of drug suspensions 
is extended to other types of drugs and electrolytes. The coagulation 
mechanism is interpreted using the Derjaguin, Landau, Verwey, 
and Overbeek theory to predict energy of interaction curves. It is 
suggested that coagulation occurs at the primary minimum but that 
the depth of this is restricted due to steric stabilization by the 
surfactant film. A quantitative estimation of this stabilization 
is made using a recently published technique. The practical impli- 
cations of these findings for the pharmaceutical formulator are 
discussed. 


Keyphrases 0 Suspensions, pharmaceutical-stability 0 Coagula- 
tion-suspensions 0 Interaction energies-computer prediction 0 
Stability, suspension-theory, experimental findings 


The formulation of a solid-in-liquid drug suspension, 
which will remain free from impaction on storage, 
presents a challenging problem to the development 
pharmacist. One method which has been suggested for 
approaching this problem has been to use the principle 
of controlled flocculation (1). Although some workers 
(2) have questioned whether this procedure can be ap- 
plied to macroscopic particles, the present authors have 
shown (3) that both flocculation, probably involving 
chemical bridging, and coagulation, resulting from 
zeta potential reduction, can be used to prevent im- 
paction. It has also been shown (4) that comparisons 
may be made between coagulation in model mono- 
disperse systems and in heterodisperse drug suspensions. 


I t  has been demonstrated previously (3) that Brown- 
ian motion and differential sedimentation rates can 
cause particle collisions and, in the present paper, the 
coagulation mechanism is investigated further in terms 
of energy of interaction curves. Earlier work on floc- 
culation and coagulation in suspensions of griseofulvin 
by aluminum chloride is extended to a sulfonamide 
(sulfamerazine) and a corticosteroid (hydrocortisone). 
Coagulation by mono- and divalent electrolytes is 
also examined to determine the extent of applicability 
of the Sch ultze-Hardy rule to supracolloidal suspen- 
sions. 


THEORY 


The theory which describes quantitatively the stability of lyo- 
phobic colloids and which enjoys almost universal acceptance is 
that propounded by Derjaguin and Landau (5) and, independently, 
by Verwey and Overbeek (6). This theory, known as the D.L.V.O. 
theory, involves a comparison of the forces of electrostatic repulsion 
and of van der Waals attraction. The theory ignores the effect on 
stability of materials such as polymers but, within this restricted 
framework, it provides an extremely useful basis for understanding 
stability phenomena. 


Potential Energy of Electrostatic Repulsion-The potential energy 
of repulsion VR may be expressed in D.L.V.O. theory by the follow- 
ing equation: 


VR = exp (-Kh)/[(h/a) + 21 (Eq. 1) 


where $6 = the potential at the Stern layer which is usually identi- 
fied with the experimentally determined zeta potential; a = the 
particle radius; K = the Debye-Htickel thickness; h = the inter- 
particular distance; and e = dielectric constant. Equation 1 holds 
for small Ku values and small potentials. For large Ka values and 
$8 < 50 mv., a condition which may be expected in many pharma- 
ceutical suspensions, Kruyt (7) has given the following approximate 
expression: 


(Eq. 2) 
€l?$82 VR = -- In [ I  + exp ( -Kh)]  2 


van der Waals Attraction-It was suggested by Kallman and 
Willstatter (8) that the attractive forces between colloidal particles 
could be quantitized by integrating the van der Waals attraction 
between their constituent atoms or molecules. Although the attrac- 
tive potential energy between two atoms is low and decays with the 
inverse sixth power of the distance, it was shown by de Boer (9) 
and Hamaker (10) that the total interaction energy between two 
colloidal particles was sufficient to compete with double-layer 
repulsion. 


The expression derived for the attraction energy, VA, is 


Au v A = - -  
12h 


where A is the Hamaker constant describing the attraction between 
two similar particles in a given medium and h is the distance between 
the particles. This simple equation is not valid when the London 
forces operate over distances comparable with or larger than 0.1 X 
where X is the wavelength of intrinsic oscillations of the atoms. 
This is due to the “retardation effect” which is caused by the finite 
time necessary for electromagnetic waves to travel from one atom to 
the other atom in which it is inducing a dipole. 


Schenkel and Kitchener (1 1) have analyzed the retardation effect 
and have derived empirical equations which enable attractive ener- 
gies to be calculated allowing for this effect. These may be applied to 
coarse suspensions and aerosols. The equations are: 


(Eq. 4) VA (fully retarded) - -(2.45Aa)/(120~h~) 


Au 245X X z  A 3  
VA (partially retarded) = - - 12 - j0mz + 5m~4 a 120h 


(Eq. 5) 


Equation 4 may be usefully applied for particle separations greater 
than 150 A and Eq. 5 for shorter distances. 


Total Energy of Interaction-Since the repulsive and attractive 
energies are in the same units, they may be summated to produce 
total energy of interaction curves: 


Vtotal = VA + VR (Eq. 6) 


These may be of three general types and are illustrated in Fig. 1. 
Curve A pertains when VR >> VA,  i.e., where there is a large re- 


pulsive potential at the double layer. In such cases the dispersion 
will be indefinitely stable provided that the particles are not suffi- 
ciently large to sediment under gravity. Curve B shows a high 
potential barrier which must be surmounted if particles are to 
approach sufficiently closely to enter the deep primary energy 
minimum P. If the height of this barrier V.M greatly exceeds the 
mean thermal energy of the particles, they will not be able to enter 
P. The value of V,M necessary to prevent this is considered to be 
approximately 1&20 kT [Napper (12)], corresponding to a zeta 
potential of approximately 50 mv. The curve reaches a minimum at 
P, a very small interparticular distance, because of the Born re- 
pulsion between adjoining electron clouds. 
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Figure 1-Total energy of 
interaction between two par- 
ticles, VT as a function of in- 
terparticulate distance h. 


and Dohme Ltd.), m.p. 213.5" (BP 1968, 214"), specific gravity 
1.277 ("Merck Index" gives 1.289 for the acetate), specific surface 
area 5.53 m.2/g. (16). Sodium chloride, calcium chloride (British 
Drug Houses, Ltd.) Analar. Distilled water was freshly redistilled 
from an all-glass still immediately prior to use. 


Methods-Suspensions were prepared as described previously 
(4). They were stored in 100-ml. measuring cylinders at laboratory 
temperatures. Sedimentation volumes were measured as before (4); 
they are expressed as percentages. Sedimentation volume is defined 
as the ratio of the ultimate settled height, H,, to the original 
height, H,. Zeta potentials were measured also as before (4). 


- I  
h 


Curve B also has a secondary minimum, S, at greater distances; 
if this is deep enough, approximately 5 kT or greater, loose 
coagulation is possible. Aggregates formed by particles in the 
secondary minimum would be readily broken up by dilution or 
shaking. Schenkel and Kitchener (11) showed that 10-p poly- 
styrene particles were able to undergo secondary minimum coagula- 
tion. 


When Curve C pertains, the London attraction completely over- 
whelms electrostatic repulsion and rapid coagulation occurs. 


Other Stabilizing Mechanisms-It has been known for many 
years that substances such as nonionic surfactants may, if adsorbed 
at the particle surface, stabilize a dispersion in the absence of a 
significant zeta potential. The structure of various types of adsorbed 
layers has been considered by Ottewill(l3). Early attempts to quan- 
tize the steric stabilization due to an adsorbed film have been 
summarized by Lyklema (14). A more recent approach is that of 
Ottewill and Walker (15) whose method has been used in the pres- 
ent paper. 


The shape of the potential energy of steric stabilization curve VS 
is shown also on Fig. 7 (15). It possesses a sharp cutoff at an inter- 
particular distance of 2d, where d is the thickness of the adsorbed 
layers and is approximately equal to the fully extended surfactant 
chain length at nearly monolayer coverage. These authors have 
studied the effect of a film of the nonionic surfactant C12Hr5- 
(OCzH,)60H on the stability of polystyrene latex. It was realized 
that there are distinct similarities between this surfactant and the 
anionic alkyl ether sulfates used by the present authors. It is reason- 
able to suppose that if the repulsion due to the anionic grouping is 
neutralized by a polyvalent cation, the surfactant will behave simi- 
larly to a nonionic. Ottewill(20) has suggested that the same treat- 
ment could be applied quantitatively to the system used above with 
modifications for the shorter chain length of C12H2j(OC2H4)2SOa. 
The repulsive force VS due to the adsorbed film is expressed in the 
equation: 


vs = 4nC2 ($I  - m ) ( d  - :)'((3a + 2d + s) (Eq. 7) 
3Vifi' 


where Cis  the concentration of surface-active agent in the adsorbed 
layer, Vl is the molecular volume of the solvent molecules,1 
p~ is the density of the adsorbed film, is an entropy pa- 
rameter, XI is a dimensionless quantity characterizing the interaction 
energy of the surface-active agent, d is the length of the surfactant 
molecule, h is the distance between the particles, and a is the particle 
radius. 


EXPERIMENTAL 


Materials-Griseofulvin, fine and coarse particles, ammonium 
dioxyethylated dodecyl sulfate (ADDS), sodium dioxyethylated 
dodecyl sulfate (SDDS), and aluminum chloride were those de- 
scribed earlier (3, 4, 16). Sulfamerazine BPC 1954 (Ferryman & 
Co. Ltd.), m.p. 236" (BPC 1954, 235-239"), specific gravity 1.393, 
specific surface area 0.60 m.Z!g., determined on the Fisher sub- 
sieve sizer (16). Hydrocortisone BP (micromilled, Merck Sharp 


1 This is given as UI in the paper which would be the volume fraction 
of the solvent, but this is a misprint (20). 


RESULTS AND DISCUSSION 


Effect of Electrolyte Valency on Coagulation-Moderately acidic 
pH values were necessary (3, 4) for aluminum chloride to induce 
coagulation because of precipitation of aluminum hydroxide 
above pH 4.0. This indicated that the coagulation principle might 
not be applicable to pharmaceutical suspensions, even if problems 
of taste and toxicity could be overcome. It was decided, therefore, 
to see whether a divalent or monovalent electrolyte could produce 
the same effect. Since the earlier experiments had indicated that the 
mechanism involved was probably similar to that in colloids, it 
was realized that greater concentration of lower valency electrolytes 
would be necessary. 


To determine whether pH would significantly affect coagulation 
with these electrolytes, the experiments were performed at pH 3.0 
and at natural pH (5-6). Sodium chloride and calcium chloride 
were chosen as electrolytes and the technique used was as described 
before (4). The results are shown in Fig. 2, together with the results 
on aluminum chloride at pH 3.0 for comparison. The results in- 
dicate that pH has little effect on the coagulation produced by 
these salts. The minimum concentration of electrolyte required to 
produce maximum coagulation was molar for the monovalent salt, 
5 X iM for the divalent, and 5 x lo-' M for the trivalent. 
These are in the ratio of 100:5:0.05 which is in reasonable agree- 
ment with the Schultze-Hardy rule values of 100:1.6:0.13. It was 
noticed that the results obtained with calcium chloride were similar 
to those obtained with the other electrolytes, i.e., that concentrations 
of electrolyte greater than the critical value produced little further 
increase in sedimentation volume. However, with the maximum 
concentration of calcium chloride employed, 2 M ,  a sudden further 
increase in sedimentation volume occurred. Since no compatibility 
tests had been performed with ADDS and mono- and divalent elec- 
trolytes, the suspensions experiment was repeated leaving out the 
griseofulvin. 


It was noticed that this large concentration of calcium chloride, 
2 M ,  produced a distinct opalescence whereas all of the other solu- 
tions remained clear. This precipitation of the surfactant was evi- 
dently the cause of the increase in sedimentation height, and this 
point on the curve can be considered as the point of transition 
between a coagulation and a flocculation reaction (3). 


Reversibility of Coagulation in Suspensions-if coagulation in the 
system investigated above is dependent primarily on the effect of 
the cations on the repulsive potential caused by the surfactant, and 


20 - 
g .  
P 
r" 10. 
\ 


" . . . . . . . . . . . . . . 
10 - 4  10-3 10 -2 10 -1 1 


M ELECTROLYTE CONCN. 


Figure 2-Coag~dation of ,fine-parficle griseofuluiir in M am- 
moniirni dioxyethylated dodecyl sulfate by aluminum, culcium, and 
sodium chloride. Key: solid symbols, y H  3.0; open symbols, natural 
PH. 
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1 HYDROCORTISONE 


-- 
,RISEOFULVIN COARSE 


10-4 10-8 10-2 10-1 
M ALUMINUM CHLORIDE 


Figure 3-Coagulation of several drugs in 
oxyetltylafeddodecyl sutfare by aluminum chloride at pH 2.0. 


M ammonium di- 


if no precipitation reaction occurs, the phenomenon should be 
reversible. This was investigated by preparing a 2.5 % suspension of 
fine-particle griseofulvin in lW3 M SDDS and adding M 
aluminum chloride. The suspension became coagulated and sedi- 
mented to leave a clear supernatant. After storage overnight the 
suspension had a sedimentation volume of 18 %. The supernatant 
(80 ml.) was decanted and replaced by 80 ml. of M SDDS 
solution at the same pH (4.3). The suspension was redispersed and 
allowed to sediment again. The suspension was observed to be a 
typical uncoagulated dispersion and sedimented slowly leaving 
an opalescent supernatant. After 2 weeks the sedimentation volume 
was 5.0% and the griseofulvin had impacted on the base of the 
cylinder. This was considered good evidence that coagulation is 
reversible and that no irreversible reaction occurs between the 
surfactant and the electrolyte. 


Coagulation in Suspensions of Other Drugs-Since Haines and 
Martin (1, 17) and Wilson and Ecanow (2) have studied sulfa- 
merazine suspensions, it was decided to extend these investigations 
to this drug also. Hydrocortisone was also selected as a representa- 
tive of another important class of drug, which is formulated as 
suspensions. It was found that ADDS wetted both of these materials 
at the previously used concentration, M, so suspensions were 
prepared as before at pH 2.0. The results are shown in Fig. 3, 
together with results on coarse and fine griseofulvin taken from 
Reference 4 for comparison. 


The shape of the sedimentation volumeelectrolyte concentration 
graph is identical in each case, the only real difference being the 
heights of the plateaus. These were, in order of increasing height, 
griseofulvin coarse particle, sulfamerazine, griseofulvin fine particle, 
and hydrocortisone. It was considered that this difference between 
drugs was probably a reflection of their particle sizes and, since the 
specific surface area was considered to be the most appropriate 
parameter for comparison, this was determined for each on the 
Fisher sub-sieve sizer. The results are shown in Table I. 


The results confirm that the height of the sedimentation curve 
plateau is a function of the particle size, although other properties 
such as the contact angle between the drug and the surfactant may 
have some influence. This same phenomenon has also been reported 
in suspensions of inorganic salts by Wolf and Kurtz (18). These 
results suggest that coagulation can be applied to a wide range of 
insoluble drugs as a formulation technique. 


Interpretation of Coagulation in Pharmaceutical Suspensions by 
Means of the D.L.V.O. Theory-A number of attempts have been 
made in the literature to relate the stability of monodisperse latex 
suspensions to the D.L.V.O. theory, e.g., Schenkel and Kitchener 


Table I-Specific Surface Area Results on Drugs 
Used in Suspension Studies 


Griseo- Griseo- 


Coarsea merazine Fine" cortisone 
fulvin Sulfa- fulvin Hydro- 


~~~ ~~ ~~ ~ 


Specific 0.38  0.60 1.32  5 . 5 3  
Surface 


Area, m.2/g. 


Table It-Data Used in Determining the Potential 
Energy of Repulsion 


Concen- Sedimen- 
tration tation Debye- Zeta 


pension M Condition K ,  cm. mv. 
SUS- of AIC13, Volumes, Hiickel Potential, 


1 10-5 Uncoagulated 3 . 5  1.287 X lo6 -46 .4  
2 Uncoagulated 4.0 1.835 X lo6 -32 .7  
3 1 0 - 3  Coagulated 17.0  3.565 X lo6 -17.0 
4 Coagulated 17.5 9.046 X loe - 4 . 5  


(11) and Ho and Higuchi (19). As far as is known, however, no 
published attempts have been made to compare coagulation in 
pharmaceutical suspensions with this theory. 


Equation 6 can be combined with Eq. 7 to give an expression 
for the total energy of interaction: 


vtotal = V A  f V R  + VS (Eq. 8) 


A computer program was written to evaluate Vbt,l from these equa- 
tions using the following data. 


VA-The Hamaker constant A-Two values of this have been 
taken, l O - l 3  and 5 X 10-13 ,  which are stated to be reasonable values 
for an organic substance in water (1 1,19). The Hamaker constant for 
the surfactant film has been assumed to be the same as for the solvent. 


The characteristic wavelength X of intrinsic oscillations of the 
atoms was assumed to be cm. (19). 


The particle radius a-Three values were studied, 0.5, 1.0, and 
2.5 p. The results are expressed for partide diameters. 


The interparticulate distance h-Values from 10 to 800 A were 
studied. 


VR-The dielectric constant was taken as 78.54. Since is 
difficult to determine experimentally, it was approximated to the 
zeta potential. Watillon and Joseph-Petit (21) have listed papers 
where this approximation is made. 


Four suspensions were prepared containing 2.5% wlv fine 
particle griseofulvin and 10-3 M SDDS. The concentrations of 
aluminum chloride were 10-5,lO-4,lO-3, and 10-2 M, and suspen- 
sions were left at their natural pH values. Zeta potentials and sedi- 
mentation volumes were measured as before and the results are 
shown in Table 11. 


Vs-The chain length d of the surfactant ,was calculated from 
molecular models. It was found to be about 25 A. All other data were 
taken from Ottewill and Walker (15): C = 0.26 g./ml., p2 = 1.0 
g./ml., $1 = 0.5, and x1 = 0.25. 


The curves obtained for 1-p particles are shown in Figs. 4 and 
5 ,  and the complete results showing the position and depth of the 
various minima are given in Table 111. 


The results indicate that, regardless of which value of the Ha- 
maker constant is used, Suspensions l and 2 should be highly un- 
coagulated. This is found in practice. If the higher value of A is taken, 
a secondary minimum should occur between particles in Suspension 
2. Verwey and Overbeek (6) give an example of a suspension of 1-p 


- I  
h. 8, 


Figure &Total energy of interaction curves for particles of I - p  
diameter in Suspensions 1-4. Hamaker constant: A = a Taken from Reference 4. 
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Table 111-Depth and Position of Primary and Secondary Minima in the Energy of Interaction Curves for 
Griseofulvin Suspensions 


- Hamaker Constant, A = 
Suspension r d = l p  -- d = 2 p--- r- d = 5 p  
and Zeta Primary Secondary Primary Primary Secondary Secondary 


Potential, mv. Minimum Minimum Minimum Minimum Minimum Minimum 


~ - - - - - 46.4l 
17.03 - -1 .82kT ~ -3.61 kT - -9.0 kT 


- - - __ - - 3 .  272 


4.54 - 


46.4’ 


32.7% 


17.03 


4.54 


-12.9 kT 
50 A 
- 


-41 $T 


-65 kT 
50 A 


50 A 


150 A 
- -25.8 kT 


50 A 
- - 


1.91 kT - - 


360 A 
- -83 kT 


- - 130 kT 
50 A 


50 A 


150 A 150 A 
- -64.5 kT 


50 A 
- - -3.1 kT 


700 A 
3.82 kT - -9.6 kT 
360 A 360 A 


50 A 


50 A 


- -206 kT 


- -325 kT 


particles in a solution of 10-3 M 1 : 1 electrolyte where there was a 
secondary minimum of 6 kT and where loose coagulation could 
occur. The secondary minimum found above reached a depth of 9 
kT for 5-p radius particles, and this might be an explanation of the 
slight increase in sedimentation volume that occurred in this sus- 
pension (see Table 11). 


Suspensions 3 and 4 were found in practice to be coagulated to 
practically the same extent; i.e., they had similar sedimentation 
volumes and similar redispersibility characteristics. The energy of 
interaction curves should therefore be very similar in shape. This 
is only possible if the higher value of the Hamaker constant is 
taken. If the lower value is taken, Suspension 3 still has a very high 
maximum and a secondary minimum of similar depth to Suspension 
2 described above. 


With the value of A of 5 X IO-l3, Suspensions 3 and 4 both show 
coagulation in the primary minimum but the depth of this Is re- 
stricted due to the contribution of vs, which is zero at 50 A but 
rises rapidly at lower interparticulate distances. The primary 
minimum would otherwise plunge to mtny hundreds of kT at 
interparticulate distances of about 10 A. Coagulation in the 
primary minimum in colloidal suspensions is usually accepted to be 
irreversible. It was pointed out by Hamaker (22) that the frictional 
and inertial forces exerted by shaking increase much more rapidly 


+ 
20 


0 


40 


60 
- I  I 


h. 8. 
Figure 5-Total energy of interaction curves for particles of 1-p 
diameter in Suspensions 1-4. Hamaker constunt: A = 5 X 


with particle size than forces of adhesion. He gave an example of a 
suspension of 1-p particles where the depth of the minimum was 
about 25 kT or 
dyne or g. would be necessary to supply this energy over a 
distance of 10-6 cm. This, he pointed out, was equivalent to 300 
times the particle weight. He stated: “Whether it is actually possible 
to supply forces of this order of magnitude by shaking is, in itself, 
open to question, though it is not excluded.” 


The situation would appear to be very similar in the suspensions 
described above. It should be stressed, however, that because of the 
irregular shape of the particles and the very open structure of the 
coagulated cake, the number of points of contact will be very small. 
In addition to this, surface irregularities, impurities, or sorption of 
the surfactant in the micellar form may prevent particles from 
approaching even to a distance of 50 A and, if this situation per- 
tains, the depth of the minimum will be restricted even further. 


These results may also explain why the sedimentation volume- 
electrolyte concentration graph exhibited a rapid change with fine- 
particle griseofulvin and a more progressive change with thecoarse- 
particle material. Examination of the two drugs under a microscope 
showed that the particles in the fine sample were very smooth, 
whereas in the coarse drug they were much rougher. This might 
enable the particles in the fine material to approach each other to 
within the surfactant-restricted primary minimum at a lower con- 
centration of electrolyte than in the case of the coarse particles. 


Rheological Examination of the Coagulated Suspensions-It was 
considered that examination of these suspensions in a viscometer, 
with a means of applying a variable shear rate, would provide evi- 
dence of the interparticular forces occurring in them. Although a 
Haake Rotovisco apparatus was available, there was no suitable 
attachment for handling these suspensions. 2 Samples were there- 
foie sent to Baird and Tatlock Ltd. Suspensions 1-4 were 
prepared as before but the concentration of fine-particle griseo- 
fulvin was increased to 25 % w/v to give a suitable reading on the 
instrument. Four readings were taken at different shear rates and 
commencing with the largest shear rate. The results are shown in 
Table IV. 


Although these results are not conclusive, they do agree with the 
earlier data. Suspensions 1 and 2 are both basically Newtonian 
and show the same viscosity at all shear settings. Suspensions 3 and 
4 both exhibit pseudoplasticity or plasticity, and there is very little 
difference between the readings obtained from each. The results on 
Suspensions 3 and 4 tend to confirm that there are attractive forces 
holding the particles together but that these forces can be overcome 
by the application of shear and the suspension can become more 
fluid. The absence of a complete set of results for increasing and 
decreasing rates or shear means that it is impossible to tell if the 
systems are thixotropic. There is clearly scope for further work on 
the rheology of coagulated suspensions. 


ergs. Hamaker calculated that a force of 


2 The authors thank J. K. Watkins of Baird and Tatlock Ltd., London, 
for the rheological measurements on the Haake Rotovisco apparatus. 
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Table IV-Rheological Examination of Griseofulvin Suspensions 


Shear Rate, Viscosity, 
Suspension seC-1 C.P.S. 


1 


4 


2620 
1310 
873 
436 
2620 
1310 
873 
436 
2620 
1310 
873 
436 
2620 
1310 
873 
436 


2.74 
2.74 
2.75 
2.58 
2.67 
2.86 
2.83 
2.83 
5.08 
5.99 
6.94 
9.55 
5.31 
6.20 
7.16 
9.78 


CONCLUSIONS 


It is considered that these results provide a good semiquantitative 
explanation of the coagulation phenomena found, if allowance is 
made for all the nonideal factors which occur in these suspensions 
and for the likely errors in ascribing values to some of the param- 
eters. 


The following guidelines may be set out for the formulation of a 
suspension by the coagulation technique. 


1. Select a nontoxic anionic surfactant which will wet the drug or 
drugs and determine the minimum concentration needed. It is de- 
sirable to choose a surfactant of an appropriate chain length to 
ensure that the depth of the energy of interaction curve minimum 
is of the right order in comparison with the size of the particles. 
Test the electrolyte for compatibility with the surfactant. 
2. Select a suspending agent, if necessary, which will not interact 


with the surfactant or coagulating electrolyte. 
3. Add just sufficient of the electrolyte to produce coagulation in 


the surfactant-restricted primary minimum. 
4. Ensure that the balance between the attractive and repulsive 


forces is not altered by any additional excipients such as color or 
preservatives. 


5 .  The state of the coagulated suspension after a comparatively 
short interval may be considered as a good guide to the long-term 
storage results of such a suspension. The type of quality control 
standards applicable to such a suspension are: 


(a)  Control of the particle size of the suspended material by 
a Coulter counter, Fisher sub-sieve sizer, or other techniques. 


(b )  Measurement of the zeta potential of the final suspension. 
The standard should probably be a maximum value since the work 
described above has suggested that further lowering of the parameter 
has little effect on the nature of the system. 


(c )  Determination of the ratio between the H,/H, values of a 
coagulated and uncoagulated suspension. 


(4 Evaluation of the rheological properties of the suspension. 
( e )  Measurement of redispersibility after storage. 


It is believed that the work in this paper has shown that an ade- 
quate comprehension of the interfacial properties of suspensions en- 
ables their formulation to be approached from truly rational prin- 


ciples rather than by empirical techniques. As Elworthy (23) has re- 
marked: “The principal point is to understand the interparticulate 
forces in order to be able to control them.” It is the hope of the 
authors that this paper has contributed, in some measure, to an in- 
crease in the understanding of these forces as they affect the 
interfacial properties of pharmaceutical suspensions. 
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Cytotoxic Activity of Imidazole Derivatives 


Keyphrases 0 Imidazole derivatives-synthesis 0 Cytotoxicity- 
imidazole derivatives 


Sir: 


In this communication, we wish to report the syn- 
thesis and cytotoxic activity of a number of imidazole 
derivatives (Compounds 1-8). The synthesis of these 
imidazole derivatives was accomplished by the reaction 
of a-haloketones with guanylhydrazones of aromatic 
aldehydes. The method of preparation of these com- 
pounds was very much similar to the one reported by 
Beyer et al. (1). The imidazole derivatives, Compounds 
1-8, were characterized by IR and UV spectroscopy. 


All these compounds were subjected to L-1210 in 
uitro assay for cytotoxic activity (2). In these screening 
experiments, the samples were weighed (about 5-10 
mg.) into glass homogenizers (32-ml. size) and sterilized 


Table I-Screening Data 
c,x - N =CH, K* 


R ‘ N , ! - - ~ ~ ,  


1 Phenyl 
2 Phenyl 
3 Phenyl 


4 3,CDihydroxy- 
phenyl 


5 m-Nitrophenyl 
6 p-Nitrophenyl 
7 Methyl 
8 Methyl 


~~~~~ 


0.022 0.038 H Phenyl 
Me Phenyl 0.96 1.5 
H 3,CMethylene- 0.29 0.47 


H 3,CMethylene- 27 50 


Me Phenyl 40 50 
H rn-Nitrophenyl 1.25 2.0 
H m-Nitrophenyl 21 50 


dioxyphenyl 


dioxyphenyl 


H O - H Y ~ ~ O X Y -  9.0 21 
phenyl 


with 0.1 ml. of 70% ethanol and about 0.1 ml. of 
dimethylsulfoxide (DMSO) to  help them solubilize. 
The sample was ground with sterile water to make a sus- 
pension containing L-12 10 leukemic cells. The tubes 
were stoppered and incubated at  37” for 3 days; then 
cell counts were made on each tube by a Coulter coun- 
ter. The percent inhibition and the ID50 and ID90 were 
calculated. 


The assay values for the compounds are shown in 
Table I. Values of 1 or less for ID5o were considered 
potentially active. 


Three compounds showed IDso values less than 1 .  
Based on these encouraging results, attempts are being 
made in our laboratories to synthesize a wide variety 
of these imidazole derivatives and to test them for 
L-1210 in uitro assay for possible cytotoxic activity. 
Obviously, more extensive testing will be required 
before any structure-activity correlation can be drawn. 


(1) €3. Beyer, A. Hetzheim, H. Honeck, D. Ling, and T. Pyl, 
Chem. Ber., 101, 3151(1968). 


(2) H. H. Buskirk, Proc. Tissue Culture Ass., 20, 23(1969). 
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Antigenicity of a Polypeptide with a 
Known Sequence of Amino Acids 


Keyphrases Polypeptides-known amino acid sequence 0 
Antigenicity-polypeptide 


Sir: 


Random copolymers containing varying amounts of 
the amino acid residues, alanine, glutamic acid, and 
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Figure 1-Theprecipitiii curve. 


tyrosine, have been shown to be antigenic (1-3). How- 
ever, due to the unknown primary amino acid sequence 
of these random polymers, it is difficult to describe the 
locus of the active site of these antigenic polymers. To 
overcome this difficulty, the use of linear polypeptides 
with a known repeating sequence of amino acids has 
been suggested. For this purpose, poly-(L-tyrosyl-L- 
glutamyl-~-alanylglycyl)glycine-l-~~C ethyl ester was 
recently synthesized (4), and we wish to report the anti- 
genic properties of this polymei. 


After obtaining preimmunization sera, four rabbits 
were treated at weekly intervals with 500 mcg. of poly- 
(tyr-glu-ala-gly)gly-1-’ 4C ethyl ester. The first 2 weeks 
they were injected intradermally using complete Freunds 
adjuvant as suspension medium, and the 3rd week they 
were injected subcutaneously. The injection on the 4th 
week was done intravenously using buffered saline. 
Bleedings were conducted on the following week, and 
the serum from each animal was found to  give a pre- 
cipitin reaction with the polymer. The preimmunized 
sera under the same conditions gave a negative precipi- 
tin reaction. The quantitative determination of the 
antibody was obtained by the addition of dilutions of 
p~ly-(tyr-glu-ala-gly)gly-l-~~C ethyl ester to 1-ml. 
samples of the pooled rabbit sera. The precipitates were 
kept at 4” for 48 hr., washed twice with small volumes 
of buffered saline, and collected by centrifugation. The 
total amount of protein precipitated was estimated by 
analysis for nitrogen by a micro-Kjeldahl method (5) .  
The amount of antigen contained in each precipitate 
was estimated by use of the Folin-Ciocalteu method. 
From these results the precipitin curve shown in 
Fig. 1 was obtained. 


From these results it can be seen that this polypeptide 
is antigenic ; further studies pertaining to the specificity 
of its antibodies are presently in progress. 


(1) P. H. Maurer, B. F. Gerulat, and P. Pinchuck, J.  Zmmunol., 
90, 388(1963). 


(2) P. H. Maurer, B. F. Gerulat, and P. Pinchuck, J. BioI. Chem., 
239, 922(1964). 


(3) L. G. Clark and P. H. Maurer, Znt. Arch. Allergy, 35, 58 
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(4) B. J.  Johnson and E. G. Trask, J .  Chem. SOC. (0, 1969, 
2644. 


( 5 )  D. H. Campbell, J. S. Garvey, N. E. Cremer, and D. H. 
Sussdorf, “Methods in Immunology,” W. A. Benjamin, New York, 
N. Y., 1964, p. 46. 
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Quantitative Correlation of Absorption 
and In Vitro Dissolution Kinetics of 
Aspirin from Several Dosage Forms 


Keyphrases 0 Aspirin dosage forms--dissolution, absorption 0 
Absorption-dissolution, aspirin-correlation 


Sir: 


Several types of in uiuo-in uitro correlation are de- 
scribed in the pharmaceutical literature (1). The most 
informative of these, but the most difficult to achieve, 
is the quantitative correlation between in uitro dissolu- 
tion and in uiuo absorption, particularly one involving 
several different dosage forms. An example is found in 
the report of Levy et al. (2) who were able to correlate 
the absorption of aspirin from three different dosage 
forms with a function of the dissolution rate, using the 
beaker method (3) at 50 r.p.m. A plot of the percent 
absorbed at time T uersus the percent dissolved in (T- 
lag time)/2 gave a straight line with a slope of unity. 


The present report introduces a new dissolution 
method, which has permitted an absolute quantitative 
correlation between the absorption and in uitro dissolu- 
tion of aspirin from these three dosage forms. These 
findings extend the work of Levy et al. (2) because this 
type of 1: 1 correlation was not attainable with the 
beaker method. 


A schematic diagram of the rotating-flask apparatus 
used to determine dissolution is shown in Fig. 1. The 
apparatus consists of a spherical glass flask suspended 
in a constant-temperature bath. The globe is supported 
by glass rods, fused to its sides, which form the hori- 
zontal axis of the sphere. One support rod is coupled 
to a constant-speed motor, which provides rotation 
about the horizontal axis. A sampling port is molded 
into the sphere to permit introduction of the dosage 
form and periodic withdrawal of samples. The volume 
of the dissolution medium (in this case 400 ml.) and 
the position of the sampling port are such that fluid 
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was reduced and treated as described above (yield, 70 mg., 7473. 
The free base, m.p. 160" [lit. m.p. (1) 160"], and the salicylate, 


m.p. 223-225" [lit. m.p. (4) 2235224.5'1, prepared from VI hydro- 
chloride showed no melting point depression when mixed with 
authentic samples. The IR spectra of the hydrochloride and the 
salicylate were identical with authentic samples. 


Pellotine (VII) Hydrochlorid-Method A-Sodium borohydride 
(20 mg.) was added in small portions over a period of 0.5 hr. to a 
stirred solution containing VI (38 mg.) and formaldehyde (2 drops, 
3773 in methanol ( 5  ml.) at room temperature. The solution was 
then added to water ( 5  ml.) and extracted with chloroform (3 X 10 
ml.). The chloroform extract was dried over anhydrous sodium 
sulfate and then evaporated to dryness. The residue was dissolved in 
a small quantity of methanol-chloroform-ether,and dry HCI gaswas 
passed through the solution. Colorless needles crystallized (yield 35 
mg., 75 73. 


Method B-A mixture of V (90 mg.), 6 N HCI (20 ml.), and 
palladium-on-charcoal (200 mg., 5 %) was reduced at atmospheric 
pressure and room temperature for approximately 24 hr. The mix- 
ture was filtered and the filtrate concentrated in vacuo at <50" using 
a film-flash evaporator. Ethanol-benzene was added from time to 
time to azeotrope the water. The solid residue was crystallized from 
methanol-ether (yield 87 mg., 89%). 


The free base, m.p. 116" [lit. m.p. (1) 111-112"], showed no 
melting point depression when mixed with authentic pellotine. The 
IR spectra of the base and hydrochloride were identical with that 
of authentic samples. 
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Pentaerythritol Tetranitrate Sustained-Release Tablets: 
Relation of In Vitro Release of the Drug to Blood Pressure 
Changes after Administration to Anesthetized Cats 


SACHCHIDANANDA BANERJEE, ARUN KUMAR MUKHERJEE, and ARUP KUMAR HALDER 


Abstract 0 The in vitro release of pentaerythritol tetranitrate 
(PET) from a sustained-action PET tablet was determined using 
USP tablet disintegration apparatus with the modification that 
100-mesh stainless steel wire cloth replaced the usual 10-mesh. 
The immersion medium was simulated gastric fluid for the first 
2 hr. and simulated intestinal fluid for the subsequent 10 hr. There 
was a gradual release of the drug and 80 to 100% of the drug was 
dissoluted at the end of 12 hr. The tablet when administered by 
mouth to anesthetized cats produced a 28 to 3 0 z  fall in arterial 
blood pressure which persisted for 12 hr. A good correlation be- 
tween the rate of release of the drug in vitro and the in vivo effect in 
sustained lowering of the blood pressure was obtained. The in vitro 
method described is proposed for the quality control of sustained- 
action PET tablets. 


Keyphrases n Pentaeryt hritol tetranitrate sustained-release tablets- 
drug release 0 Blood pressure changes-pentaerythritol tetrani- 
trate release 0 Dissolution rates-pentaerythritol tetranitrate 
tablets In oivo-in oitro release rates correlation-pentaerythritol 
tetranitrate tablets 


Difficulties were experienced in testing the quality of 
sustained-release tablets of pentaerythritol tetranitrate 
using procedures usually adopted for the quality con- 
trol of sustained-release preparations. In the dissolu- 
tion test the concentration of the drug released in the 
bath fluid from the tubes containing tablets is esti- 


mated at various intervals. In the assay of penta- 
erythritol tetranitrate such a procedure could not be 
adopted as the analysis is based on the estimation of 
nitrates. To estimate nitrates in the bath fluid, large 
volumes of the solution had to be evaporated to dry- 
ness before extraction with glacial acetic acid (1). I n  
the in viuo test the determination of the rate of absorp- 
tion of the drug would involve the collection of large 
volumes of blood at  frequent intervals and estimation 
of the drug in these blood samples. Both procedures 
were impractical. 


In the dissolution test, if the remnants of the tablets 
in the disintegration apparatus and not the bath fluid 
were collected at  different intervals, the estimation of 
pentaerythritol tetranitrate would be possible and the 
in ~ i t r o  rate of release of the drug from the tablet could 
be calculated. The drug lowered blood pressure and a 
sustained fall in blood pressure could be observed when 
the sustained-release tablet was administered to cats. 
A study, therefore, was undertaken to establish a 
relation, if any, between the in vitro release of the drug 
and the lowering of blood pressure in cats after ad- 
ministration of sustained-release pentaerythritol tetra- 
nitrate tablets. A good correlation was observed be- 
tween the in vitro release of the drug and the fall in 
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Table I-Percent Release of Pentaerythritol Tetranitrate from a Sustained-Release Tablet Containing 80 mg. of the Drug“ 


1 hr.b 2 hr.6 4 hr.c 6 hr.c 8 hr.c 10 hr: 12 hr.c 


16 f 1.5 1 6 i  1 .5  32 i 3.5 45 f 3.7 56 i 2.8 69 i 2.9  90 ?= 2 . 0  
(9)d (9) (9) (8) (9) (8) (9) 


a Values are mean f standard error. b Simulated gastric fluid. c Simulated intestinal fluid. d Figures in parentheses indicate the number of observations. 


Table 11-Relation of Zn Virro Release of Pentaerythritol Tetranitrate (PET) to  Percent Fall of Blood Pressure in Cats 
after Administration of a Sustained-Release Tablet 


2 hr. (10)~ 4 hr. (10) 6 hr. (10) 8 hr. (10) 10 hr. ( 5 )  12 hr. ( 5 )  


fall of blood 29 f 3.0 26 f 2.1 31 3.8 32 i 3.0 25 f 2.1 19 f 3.8 
pressureb from basal in 
cats after feeding 
sustained-release PET 
tablet, 15 mg./kg. 


Release of PET (mg.)b 
in vitro from a 
sustained-release 
tablet containing 
80 mg. drug 


correlation 
Coefficient of 0.887 0.919 0.926 0.980 0.801 0.985 


1 4 i  1.1 10 i 1.4 l o +  1 . 2  1 O i  1 .6  14 i 3.0 11 =!z 2.9 


~~ ~ 


a Figures in parentheses indicate the number of samples used. b Values are mean i standard error. 


blood pressure which indicates that the in vitro pro- 
cedure described in this communication can be used 
for the quality control of the sustained-release dosage 
form of pentaerythritol tetranitrate. 


EXPERIMENTAL 


Dissolution Rate Determination-The sustained-action penta- 
erythritol tetranitrate (PET) tablets under study were two-layered 
compressed tablets of which one layer contained 10 mg. PET for 
immediate release and the second layer contained 70 mg. of the 
drug for sustained release. 


For the determination of the dissolution rate, the tablet disin- 
tegration apparatus as described in USP XVII (2) was used with the 
modification that 100-mesh stainless steel wire cloth was attached 
to the under surface of the lower end of the disintegration tubes 
in place of 10-mesh usually used for determination of disintegra- 
tion of tablets. One tablet was placed in each of the tubes and the 
machine was switched on using simulated gastric fluid with a pH 
of 1.2 (3). After 2 hr. the machine was switched off. One of the tubes 
used for disintegration was withdrawn and the remnant of the 
tablet transferred into a 150-ml. conical flask. The simulated gastric 
fluid was replaced by simulated intestinal fluid (4) adjusted to pH 
7.5. The machine was switched on again and operated for another 
10 hr. At intervals of 1 hr., one ofthe disintegration tubes was with- 
drawn and the remnant of the tablet was transferred into a 150-ml. 
flask. The remnants of the tablets were extracted with glacial acetic 
acid on a boiling water bath, suitably diluted with the acid to bring 
to a definite volume, and PET content was estimated (1). Twenty of 
the tablets were crushed to powder and PET content was estimated 
in an aliquot to obtain the contents in one tablet before disintegra- 
tion. From the contents of PET in the remnants of tablets after 
various hours of dissolution, the rate of release of the drug from a 
tablet was calculated. The results are given in Table I. 


Blood Pressure Studies-Cats weighing 2.5-3 kg. were anes- 
thetized by intramuscular injection of sodium phenobarbital, 
150 mg./kg., dissolved in 4 ml. of water for injection. After the 
animal was under the anesthesia the left common carotid artery 
was cannulated in the usual way to  record the arterial blood pressure 
on a kymograph. The trachea was connected to a recording tambour 
for the recording of respiration. When the initial blood pressure and 
respiration were recorded the sustained-release PET tablet, 15 mg./ 
kg., was fed to  the animal through a stomach tube, 10 ml. water was 


injected through the tube so as to push the tablet into the stomach, 
and blood pressures were recorded at intervals. Fifteen milligrams 
PET per kilogram body weight was found to produce a marked 
fall in blood pressure without showing any undesirable effect. The 
relation of percent fall of blood pressure to in vitro release of PET 
with statistical analysis is shown in Table 11. 


When quick-release PET was administered in the same dose? there 
was a 40% fall in blood pressure which came to the initial level 
within 6 hr. The anesthesia itself did not produce any marked change 
in the blood pressure. 


RESULTS AND DISCUSSION 


The results in Table I indicate that the in vitro release of PET was 
gradual and 90% of the drug was released in the course of 12 hr. 
The results were found reproducible, within the limits of the assay 
methods, from lot to lot of the same batch and in different batches. 
Table 11 shows that the percent fall in blood pressure, after ad- 
ministration of PET, at different hours had a good correlation with 
the release of PET in the in vitro experiment. 


With regards to PET, controlled studies in humans based on the 
blood concentration of the drug or its degradation product are 
not possible as the rate of release of the drug is only 5 to 7 mg./hr. 
and concentration of the drug in the blood is too low to beanalyzed. 
The in vitro test, therefore, may be used as a quality control pro- 
cedure for the evaluation of a sustained-release preparation of 
pentaerythritol tetranitrate tablets. 
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Assessment of Pharmacokinetic Constants from 
Postinfusion Blood Curves Obtained after I.V. Infusion 


J. C. K. LOO and S. RIEGELMAN 


Abstract Pharmacokinetic constants have usually been derived 
from the parameters of the exponential equation which describe 
the blood curve after a single bolus i.v. injection. Occasionally, 
due to potential toxicity, irritation, or limited solubility, it is not 
possible to inject a drug by a single bolus; it may be feasible to 
circumvent these difficulties by administering the drug intravenously 
at a slower rate of infusion. A mathematical equation is presented 
which enables one to determine the parameters identical to an i.v. 
bolus injection curve by utilizing the postinfusion blood curve. 
The equation is applicable to all compartmental models that may 
be described by linear first-order differential equations with 
constant coefficients. Experimental data are presented whereby 
drugs were administered by very rapid and prolonged i.v. infusion 
with blood sampling at appropriate intervals. The experimentally 
estimated parameters calculated from the postinfusion blood curves 
were in agreement with those obtained from the rapid infusion 
blood curves. 


Keyphrases Pharmacokinetic constants determination-post- 
infusion curves 0 Kinetic equations-slow i.v. infusion 0 Griseo- 
fulvin-slow, rapid i.v. infusion c] Sulfisoxazole-slow, rapid i.v. 
infusion 


Pharmacokinetic parameters are usually derived from 
the exponential equations which describe the blood 
curve after a single bolus i.v. injection. Occasionally, due 
to potential toxicity, irritation, or limited solubility, it is 
not possible to inject a drug by a single bolus. It may be 
feasible to circumvent these difficulties by administer- 
ing the drug intravenously at a slower rate of infusion. 
An equation is derived below which enables one to 
determine the parameters identical to  those obtained 
from an i.v. bolus injection curve by utilizing the post- 
infusion blood level versus time curve. The equation is 
applicable to all compartment models describable by 
linear first-order differential equations with constant 
coefficients. Experimental data will be presented from 
studies in which drugs were administered by very rapid 
and prolonged i.v. infusion into man and rabbit. 


THEORETICAL 


If drug elimination and distribution processes obey first-order 
kinetics then the blood curve, after a single bolus i.v. injection, is 
describable by a summation of exponential terms. 


( C P ) ~ . ~ .  = 2 A ; c k i t  (Eq. 1) 
i = l  


where (CP)~.". represents the plasma Concentration' at time t ,  after 
administration of the i.v. dose, A, is the intercept a t  zero 
time, and ki is the corresponding first-order rate constant as defined 
in Eq. 1. The Laplace transform of Eq. 1 is 


1 The plasma concentration could be expressed as the concentration 
of the free drug and/or its metabolite. 


where c p  represents the Laplace transform of Cp. If the same dose 
of the drug is infused continuously at a constant rate (ko)  (see 
Footnote 2 )  until time 7 ,  then ceased abruptly, the Laplace trans- 
form for this input function is: 


where&(s) is the step function of height ko starting at zero-time and 
stopping at r = 7.  The Laplace transform (1) of the postinfusion 
curve is the product of the input functionh(s) and the unit impulse 
functionfi(s). 


( C P ) p o d S )  = h(4 m) (Eq. 4) 


(Cp)popt denotes the Laplace transform of the plasma concentration 
when f > 7. Substituting Eqs. 2 and 3 forJ(s) andh(s), respectively, 
one obtains: 


Separating terms we arrive at: 


The antitransform of Eq. 6 at times greater than 7 is 


(CPIPOBt = 


Upon simplification of Eq. 7, we have: 


Substituting 7 for ko and setting 1' = (1  - 7 )  upon simplifying 
Eq. 8, one gets3 


n 


i = l  
When the infusion time is sufficiently short such that c (1 - 


n 


e-'.ir) approaches c ki7, Eq. 9 reduces to: 
i = l  


= 5 Aie-V' 0%. 10) 
i = l  


This equation is equivalent to the equation defining an i.v. bolus in- 
jection blood curve. However, when the infusion time is sufficiently 


2 ka is expressed as the fractional infusion rate and is equal to amount 
infused per unit time/amount of dose administered = (infusion time)-'. 


3 This is a general solution for the postinfusion curves pertaining to 
all multicompartment model systems. However, an equation for the 
special two-compartment model case has been derived previously by 
Rescigno and Segre (7). 
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Table I-The Biexponential Equations" Describing the Postinfusion Curves Obtained after Rapid and 
Prolonged Administration of Sulfisoxazole Intravenously into a Male Rabbit 


Infusion 
Time A1 ' ki kz 


Error 
Mean 
Square 


10 sec. 


30 min. 


Ex per i men t a I* 57.3 i 2.@ 0.1244 + 0.0099 42.7 i 2 .5  0.01115 3~ 0.00091 1.5485 
values 


Experimental 33.0 f 2 .3  0.1286 i 0.0171 67.3 f 2.2 0.00982 f 0.00047 1 .2027 
values 
Calculatedd 29.3 0.1244 +L 0.0099 70.7 0.01115 f 0.00091 
values 


Exper imenta 1 22.8 + 2.6 0. I338 j= 0.0278 77.2 i 2 .5  0.01018 =& 0.00056 1.5563 
values 
Calculated 19.8 0.1244 i 0.0099 80.2 0.01115 =t 0.00091 
values 


60 min. 


a The equation is : P Z  = Ate+<' + A'ie-k2i. A1, A?, and PZ, are expressed in percentage of (A1 + A?), kl, k2 are expressed in reciprocal minutes. 
t is the time after infusion in minutes. *These values were determined from the experimental data by using an IBM 360150 digital computer programmed 
according to a nonlinear regression subroutine of the B.M.D. X85 series. c Standard deviation units. dThese values were generated from Eq. 9 by 
using the parameters of the postinfusion curves after the fastest infusion experiment. 


11 


longsuch that ( I  - c k t T ' )  approaches n, Eq. 9 becomes: 
2 = 1  


It is evident from these considerations that k ,  is the same whether 
it is obtained from a postinfusion curve or a single i.v. bolus curve. 
However, the intercepts of the exponential terms (i.e., A< and Ai [(I - 
e-kit)/(k2r)])  are different and the differences increase as the infusion 
time lengthens. Since these intercepts are used to calculate kinetic 
constants intrinsic to multicompartmental models, an appropriate 


70 


50 


g 
0 0 - 


20 
Q u, 
3 


10 t 
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TIME, min (AFTER INFUSION HAS STOPPED) 


Figure I-Sulfisoxazole plasma level after intrauenous infusion into 
rabbit. Key: A, after an infusion time period, r ,  of 60 min.; B, after 
30-min. infusion; C, after 10-sec. infusion; Cp, plasma concentration 
after infusion has stopped; Cp,, plasma concentration at the end oj 
the infirsion. The use of Cp/Cp, normalizes the data alfowing more 
conoenient comparison of data among the experiments. 
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correction must therefore be made. The intercepts can be calculated 
from the following equation: 


where A;' is the intercept, extrapolated to t' = 0, obtained from the 
postinfusion curve. Incorporating Eq. 12 into Eq. 1, we arrive at 
the following equation: 


Thus, an equation has been derived which will lead to the same 
parameters as obtained after a single i.v. bolus injection. If the 
parameters were obtained from free drug plasma concentration 
uersus time curve, then the kinetic and volume constants intrinsic 
to the compartmental model can be calculated by procedures 
previously described4 (2, 3). However if the parameters were de- 


t 


Figure 2-Griseofuluin plasma leuel after intrauenous infusion into 
man. Key: A, plasma level after 3-min. infusion; B, plasma level 
after 2-hr. infusion, 


'In Reference 3 the equation for the Vd" is in error. The correct 
equation should be Vd" = V ~ S S  = V p  (knl + kiz/(+) = Vd infusion. 
This error has been pointed out to the authors by Gibaldi (4). 







Table 11-The Biexponential Equations“ Describing the Postinfusion Curves Obtained after Rapid and 
Prolonged Intravenous Administration of Griseofulvin into a Male Human Subject 


Infusion 
Dose Time ki A* ’ 


Error 
Mean 


Sauare 


142 mg. 3 min. Experimental 1.492 rt 0.046 0.7032 f 0.0510 0.9854 rt 0.0486 0.07252 + 0.00499 0.0039 


153.6mg. 2 hr. Experimental 0.7101 + 0.0877 0.7677 f 0.1825 1.0631 f 0.0884 0.06377 f 0.00761 0.0170 
values 


values 
Calculated 0.8664 0.7032 f 0.0510 0.9921 0.07252 rt 0.00499 
values 


a All terms and values as denoted in Table I except AI’, Az’ ,  are expressed in micrograms per milliliters. kl, ks are expressed in reciprocal hours. 


rived from the metabolite or total drug concentration cersus time 
curve then different procedures must be developed to calculate 
these constants. 


EXPERIMENTAL PROCEDURE 


Griseofulvin-Griseofulvin was injected into a healthy male adult 
in a specially prepared solution of griseofulvin dissolved in poly- 
ethylene glycol 300. The solution was not injected directly. It was 
diluted into a rapidly flowing normal saline solution, which was 
administered by intravenous drip over a 3-min. period. Several 
weeks later the drug was administered over a 2-hr. interval at a 
constant rate of infusion into the same test subject. The plasma 
samples were assayed for the intact drug by a modification of the 
method of Bedford e ta / .  ( 5 ) .  


Sulfisoxazole-The left and right marginal ear veins of a male 
rabbit (4.5 kg.) were cannulated by small catheters (Bardic Intracath 
Cat. No. 1619 small catheters 20.32 cm. (8 in.), i.d. 0.015 mm.). Sul- 
fisoxazole injection (Roche) was diluted to an appropriate volume 
with sterile normal saline solution and then infused into the left vein 
by means of a constant infusion pump. Blood samples were then 
withdrawn from the right cannula. The catheters were removed 
from the ear veins after the experiments. The rabbits were utilized 
for additional experiments after their ear veins had properly healed. 
The plasma samples were assayed for sulfonamide (unconjugated at 
the N, position) using the Bratton and Marshall procedure (6). 


RESULTS AND DISCUSSION 


The rapid infusion or the single bolus i.v. blood curves are 
describable by the following biexponential equation: 


Cpi.”. = Ale-klt + Azeckzt (Eq. 14) 


By applying Eq. 9 to Eq. 14, one gets 


or 


(Cp),,,t = Al’etlt’ + Az’eckzt’ (Eq. 16) 


where Al’ and AS’ are definable from Eq. 15; Figs. 1 and 2 represent 
the experimental data obtained on griseofulvin and sulfisoxazole. 
The experimentally determined A I ’ ,  Az’, kl‘, kz‘, and the corre- 
sponding values as calculated from Eq. 9 are summarized in Tables 
I and 11. 


The experimental data points were initially fitted to biexponential 
equations by the use of an E.A.I. T.R. 48 analog computer. The 
experimental data together with the initial estimated parameters 
were then refitted or reassessed with an IBM 360/50 computer 
programmed in accordance with a modified nonlinear least- 
squares regression subroutine of the B.M.D. X85 series. 


The theoretical A1’ and Az’ were calculated using A1, Ap, kl ,  
and kz values obtained from the single i.v. bolus or rapid infusion 
curves. 


The satisfactory correlation between the experimental values and 
the calculated values are evident. Most of the experimental values 
are within one standard deviation of the calculated values. All of the 


experimental values are within two standard deviations of the cal- 
culated values. From Tables I and 11 it is seen that the ratio AI’/A2’ 
decreases as the infusion time increases. This observation is in ac- 
cordance with Eq. 9. Since kl > kp, the value Al( l  - ecklr)/(k,T) will 
decrease more rapidly with increasing 7 than the value for Az( -ekZr)/ 
( k z ~ )  thus accounting for the above observation. 


From Fig. 1 it is seen that the changes in the intercept ratio are 
also reflected by the decreasing degree of the initial curvature of the 
blood curve with increasing infusion time. Since this curved region 
is critical to the definition of the multicompartmental pharmaco- 
kinetic parameters, sampling must be sufficiently frequent to char- 
acterize adequately this region of the blood curve, especially if the 
infusion is prolonged. It is, therefore, advisable to minimize the in- 
fusion time not only for the convenience of the subject, but also to 
reduce the necessity for frequent sampling. 


In Fig. 2 the data points lie close to the theoretical line as cal- 
culated from the single i.v. bolus parameters. The change in the 
initial curvature is not so apparent visually from the Cp Cersus t 
curve. However, the computer-analyzed data given in Table I1 show 
a drastic change in the intercept A1 and very little change in the 
intercept AS.  This is quite in accord with Eq. 15. The graphical 
representations given in Figs. 1 and 2 are for illustrative purposes 
only and should not be used for final estimation of the parameters 
of the equation in lieu of a computer solution. 


The findings reported in this study suggest that in multicompart- 
mental pharmacokinetic studies the post infusion curve can be 
utilized to obtain pharmacokinetic parameters in lieu of the more 
conventional single i.v. bolus injection. This infusion procedure is 
especially useful when one encounters potential difficulties, such as 
solubility and toxicity. 
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Substituted Tetralins 11: Preparation of 
2-Amino-4-carbamyl-6-methoxy-4-methyltetralin 


DONALD E. GREEN*, ARNOLD R. MARTIN, and ALLEN I. WHITEt 


Abstract 0 The synthesis of 2-amino-4-carbamyl-6-methoxy-4- 
methyltetralin was accomplished by isonitrosation of the cor- 
respondingly substituted precursor 1-tetralone and subsequent 
catalytic reduction. This structural analog of meperidine exhibited 
only very slight analgesic activity. 


Keyphrases 0 2-Amino-4-carbamyl-6-methoxy-4-methyltetralin- 
synthesis 0 Analgesic activity-2-amino-4-carbamyl-6-methoxy-4- 
rnethyltetralin IR spectrophotometry-structure 


Recently the preparation and analgesic potency of 
some 2-aminotetralin derivatives of general structure, Ia, 
were reported (1). As part of a continuing study of struc- 
ture activity relationships in the series, it was decided to 
prepare compounds having a carbonyl function (Rg = 
C-R) in the 4-position. These derivatives are of 
I 1  
0 
interest because of their relationship to the meperidine 
and ketobemidone series of analgesics (IIIa and IIIb, 
respectively). The title compound (11) represents the first 
4-carbonyl-containing derivative prepared in the au- 
thors’ laboratory. I t  is anticipated that I1 can be con- 
verted to either Ib or Ic (X = H ;  Y = OCH,) by con- 
ventional procedures and that separation of stereo- 
isomers can be effected (see structures). 


Attention had been focused since the early stages of 
the work in the authors’ laboratory on the utility of 
1-tetralones as useful intermediates for the introduction 
of 2-amino substituents into the tetralin moiety. A five- 
step sequence, beginning with a glyoxylation and ending 
with a Curtius reaction (26% overall yield), has been 
described previously (1). A more direct route, the iso- 
nitrosation of 1 -tetralones followed by a catalytic reduc- 
tion using the methods of Kindler and Peschke (2) and 
Rosenmund and Karg (3), appeared to be more suitable 
for the preparation of 4-carbonyl-2-aminotetralins. 


PROCEDURE 


A number of routes may be employed for the synthesis of 1- 
tetralones. The most common procedures are the cyclodehydration 
of y-arylcarboxylic acids and the oxidation of the corresponding 
tetralins. Since a 6-methoxy substituent on the tetralin nucleus was 
also desired for the authors’ purposes,’ any direct cyclization to a 
1 -tetralone must, of necessity, proceed from less readily available 
meta-substituted phenyl intermediates. Moreover, the additional 
structural requirement imposed by the desire for a quaternary car- 
bon atom to become C4 in the tetralin system required the inclusion 
of an alkyl group on this carbon as well as the carbonyl moiety. A 
common general method for the preparation of a y-quaternary 
carboxyl compound is a Michael condensation using acrylonitrile or 
methylacrylate on a tertiary carbon bearing a labile hydrogen atom. 
Thus, the starting material chosen for the sequence was m-methoxy- 


1 Substitution of an oxygen function in the 6-position of the tetralin 
system corresponds to a 3-oxygen function in the morphine series. 


hydratroponitrile (IV), which was prepared by the procedure of 
Kugita and Oine (4). 


The synthesis of I1 is outlined in Scheme I. Compound V was 
prepared directly by carbomethoxyethylation of IV. The best results 
were obtained when IV was treated with methylacrylate and N- 
benzyltrimethylammonium hydroxide ( 5 )  without a solvent and by 
heating the mixture to reflux briefly after allowing it to stand over- 
night. In this manner, yields of up to 63 % of V were obtained. The 
saponification of the ester (V), employing the procedure of Fuson 
and Miller (6),  gave nearly quantitative yields of the cyano acid (VI) 
without affecting the nitrile group. 


Cyclization of VI to a 1-tetralone was accomplished using several 
conventional cyclizing agents (stannic chloride, anhydrous hydro- 
gen fluoride, and polyphosphoric acid). Aluminum chloride was not 
investigated because of its propensity to cause cleavage ofethers. The 
initial reagent employed was polyphosphoric acid, which has found 
extensive use in similar cyclizations (7-9). Although nearly a quanti- 
tative yield of crude ketonic material was obtained, the removal of a 
low-melting contaminant afforded only about a 75% yield of a pure 
tetralone, which was subsequently shown to be the amidotetralone 
(VIII) rather than the cyanotetralone (VII). Cyclodehydration by 
hydrogen fluoride (9-1 1) likewise gave about 75 yields of the same 
arnidotetralone. This unexpected result had been obtained also by 
Price and Kaplan (1 1) in the cyclization of p-cyano-y-(p-methoxy- 
pheny1)-butyric acid. No doubt, entry of moisture into both the 
polyphosphoric acid and hydrogen fluoride-catalyzed reactions 
caused hydrolysis of the nitrile group. By far the most commonly 
employed reagent for cyclizations to tetralones is stannic chloride, 
either on the free acid (10, 11)  or on the derived acid chloride (7,8, 
11-13). Moreover, from y-cyano-y-arylbutyric acids, Homing and 
Schock (8, 13) obtained good yields of 1-cyano-4-oxotetralins 
(hereafter designated 4-cyano-1-tetralones for simplicity and uni- 
formity of nomenclature). By utilizing their procedure, yields well in 
excess of 90% of a quite pure product were obtained routinely.2 


Although one of the ultimate goals of this investigation is to intro- 
duce an ester group at C4 of a Zaminotetralin system, no attempt 
was made in this synthetic scheme to convert either the amidotetra- 
lone (VIII) or the cyanotetralone (VII) to the corresponding ester 
because of the possibility of intramolecular aminolysis of the ester at 
C1 by the primary amino group at Cz. Because the amide group 
does not react with primary amines and is resistant to catalytic 
reduction, it was decided to convert the cyanotetralone (VII) to the 
amidotetralone (VIII). The hindered nature of the nitrile group of 
VII became apparent when it was subjected to vigorous acid- 
catalyzed hydrolysis conditions without alteration. The nitrile (VII) 
was converted to the amide (VIII) in yields of 85-90% using alkaline 
hydrogen peroxide in a Radziszewski reaction (7, 15). 


Nitrosations of aliphatic ketones have been reported using 
nitrous acid, nitrosyl chloride, nitrosyl sulfuric acid, nitrous fumes, 
and esters of nitrous acid (16). Acid or base is usually required as a 
catalyst with the last two reagents named. For the nitrosation of a 
carbon atom attached to a single activating group, such as a car- 
bonyl, base catalysis is ordinarily not effective and acid must be 
used. However, cyclic ketones and phenones can be nitrosated in 
good yields using basic catalysts. 1-Tetralones and 1-indanones, 
being both cyclic and aromatic, are especially reactive toward 
nitrosation. Tetralones, however, seem to be quite susceptible to side 
reactions. Basic conditions promote oxidation of the products 
(dihydronaphthoquinone monoximes) to the quinoneimine tau- 


* The cyclization of y-m-methoxyphenylbutyric acids or their chlo- 
rides can give rise to both 6- and 8-methoxy-I-tetralones. Although there 
have been occasional reports (12,14) of the formation of small amounts 
of the 8-methoxy analogs by cyclization into the ortho-position with 
reference to the methoxyl group, it has been shown (9.12) that excellent 
yields of the 6-methoxy analogs formed by cyclization into the para-posi- 
tion only are the usual result. 
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tomers of 2-nitroso- 1-naphthols. Acid reagentsoftencause rearrange- 
ments of substituents on the alicyclic ring. 


The tetralones synthesized in this laboratory are resistant to 
aromatization because of the presence of a quaternary carbon at C4. 
Therefore, the early attempts at the nitrosation of these compounds 
were conducted using concentrated hydrochloric acid and amyl 
nitrite in methanol according to the procedure of Perkin and Robin- 
son (17). However, these initial experiments were uniformly unsuc- 
cessful as had been those of Horning and Schock (8) on a similar 
tetralone. Reports of successful nitrosations of variously substituted 
tetralones by the use of base (7, 18) prompted a trial of this catalyst. 
Using the procedure of Kornfeld ef a/. (7) a yield of about 30% of 
the desired isonitrosoamidotetralone (IX) was obtained in the initial 
trial run. Subsequent nitrosation experiments employing both acid- 
and base-catalyzed reactions on a number of tetralones revealed 
several beneficial modifications in both procedures3 and led to good 
yields of 1X by both methods. 


The last step in the reaction sequence, leading to the substituted 
2-aminotetralin (II), consists of the reduction of the enol-nitroso (or 
keto-isonitroso) moiety. Nitrosation of aryl ketones followed by re- 
duction of the resulting product has long been used as a standard 
method for the preparation of various derivatives of P-phenethyl- 
amine (19). However, catalytic reductions often lead to aryl a-ami- 
noketones, aryl a-aminoalkylcarbinols, or diarylpiperazines (20). 
Lithium aluminum hydride reductions give aryl a-aminoalkyl- 
carbinols (21). 


The synthesis of nonoxygenated amines by hydrogenations using 
palladium catalysts was studied extensively by Rosenmund and Karg 
(3). It was found that strong Lewis acids such as sulfuric acid, boron 
trifluoride, zinc chloride, hydrochloric acid, and (most especially) 
perchloric acid promoted the hydrogenolysis to the benzyl group. 
The use of nonaqueous fatty acid solutions and elevated tempera- 
tures also was found to be beneficial. However, the fact that these 
conditions were not always necessary is demonstrated by the reduc- 
tion of 3-carboxamido-7-methoxy-1-tetralone to 2-carboxamido-6- 
methoxytetralin by the use of palladium on carbon in absolute al- 
cohol without the use of either an acid catalyst or solvent (11). 


The reduction of IX to the corresponding 2-aminotetralin (11) was 
accomplished using essentially the original procedure of Rosenmund 
and Karg (3). The use of 10% palladium on carbon and anhydrous 
perchloric acid (22) caused the reduction to proceed with much 
greater ease. The first 2 moles of hydrogen (reduction of the 
oxime) were taken up in 2-3 min. and the uptake of the third mole 


a A more complete discussion of the acid- and base-catalyzed isoni- 
trosation of 1-tetralones, plus an attempt to interpret the structure of 
the oxamino ketones formed on the basis of their spectral properties, 
will be the subject of a future publication from the authors' laboratory. 


(reduction of the carbonyl) required only another 15 min. at room 
temperature. Gentle heating was required to cause the hydro- 
genolysis to occur, the stoichiometric quantity being taken up in 
about 2 hr. at 45" but requiring less time if the temperature is raised 
slightly more. Rosenmund and Karg required a temperature of 8(t 
90"; but a report (19) of reduction of the aromatic ring at about IOO", 
using essentially the same other reaction conditions, prompted a 
search for means to accomplish the desired reduction at a lower 
temperature. The aminotetralin (11) was isolated by the same proce- 
dure as used by Rosenmund and Karg. However, it was discovered 
that a large quantity of organic material (as the perchlorate salt '?) 
remained adsorbed to the catalyst. A methanol extraction of the 
catalyst, using a continuous extraction apparatus, recovered 0.48 g. 
of material from reduction in which 1.05 g. of nitrosated tetralone 
had been used. The IR spectrum of the hydrochloride salt of reduc- 
tion product was consistent with that of a primary amine salt. NO 
evidence of OH absorption was observed. 


When examined by themethod of Eddy and Leimbach (23), Com- 
pound I1 (as the hydrochloride) exhibited only very slight analgesic 
activity at a dose of 0.34 mmole/kg. This order of activity is roughly 
equivalent to that previously reported (1) for primary amines of the 
tetralin series. 


EXPERIMENTAL' 


Methyl-7-cyano-y-(m-methoxypheny1)valerate @)-When the 
dropwise addition, with vigorous stirring, of 35.8 g. (0.417 mole) of 
freshly distilled methyl acrylate into 56.4 g. (0.350 mole) of m- 
methoxyhydratroponitrile (IV) and 1 ml. of a 3 5 z  N-benzyltri- 
methylammonium hydroxide in methanol solution was started, the 
temperature immediatelyrose toabout 60". After cooling the mixture 
to 45", further additions of methyl acrylate did not produce a rise 
in temperature, but the addition of another 0.5 ml. of N-benzyltri- 
methylammonium hydroxide solution again caused the temperature 
to rise sharply. Subsequently, 1 drop of N-benzyltrimethylammo- 
nium hydroxide solution was added occasionally while the remaining 
methyl acrylate was being added, the temperature being held at 45- 
50" by external cooling. After the addition was completed, the mix- 
ture was stirred at 55 for 1 hr. and then allowed to stand overnight 
at room temperature. The solution was then refluxed (110") for 
15 min., cooled, diluted with ether, washed with water, and dried 
with sodium sulfate. Flash distillation of the ether followed by 
vacuum distillation of the residual oil gave 15.8 g. of a colorless 
oil, b.p. 95-97' (1.0 mm.); 54.4 g. (62.8%) of cyanoester (V), b.p. 
133-136" (0.3 mm.) and 122" (0.15 mm.); and a high-boiling 
residue which solidified upon cooling. 


The combined product from several runs was fractionally distilled 
through a 0.91-m. (3-ft.) Podbielniak column to obtain the analytical 
sample, b.p. 158.1" (corrected) (1.5 mm.); nZ,O, 1.5129; dm,  1.117; 
A:::, 2232 cm.-I (CI N) and 1733 cm.-' (ester C=O). 


Anal.-Calcd. for ClnH17N03: C,  68.00; H, 6.93; N, 5.66; sapon- 
ification equiv., 247. Found : C, 67.65; H, 7.08; N, 5.66; saponifica- 
tion equiv., 250. 
r-Cyano-7-(m-methoxypheny1)valeric Acid (V1)-A mixture of 


30.9 g. (0.125 mole) of V, 12 g. of potassium hydroxide, 12 ml. of 
water, and 60 ml. of methanol was warmed and then allowed to 
stand overnight at room temperature. After removing most of the 
methanol, the solution was diluted with water and washed with 
ether. The aqueous phase was acidified with 6 N hydrochloric acid, 
the oil which separated was removed, and the aqueous layer was ex- 
tracted three times with ether. The organic phases were combined 
and washed with a saturated solution of sodium chloride. Concen- 
tration of the ethereal solution gave 28.9 g. (99.373 of the cyanoacid 
as white prisms, m.p. 101.5-102.0" (ethanol-water), continuous sub- 
maxima between 2440 and 3330 cm.-' (COOH), 2232 cm.-l 
( M N ) ,  and 1716 cm.-l(C==O). 


And-Calcd. for CI3Hl5NO3: C, 66.94; H, 6.48; N, 6.00; neut. 
equiv., 233. Found: C, 66.70; H, 6.43; N, 5.91; neut. equiv., 230. 


1,2,3,4-Tetrahydro-7-methoxy-l-methyl-4~xonaphthonitrile (VII) 
-To a solution of 34.9 g. (0.150 mole) of cyanoacid (VI), in 


4 Melting points were determined on a calibrated Fisher-Johns melting 
point block and are corrected unless otherwise specified. The IR spectra 
were obtained with a Beckman IR-5 spectrophotometer; all spectra of 
solutions were determined in a cell with a 0.1-mm. pathlength. The 
analyses were performed by the Weiler and Strauss Microanalytical 
Laboratory, Oxford, England, or by the Galbraith Laboratories, Inc., 
Oxford, Tenn. 


Vol. 59, No. 4, April 1970 521 







0 
I1 


CH,O-C 7 
CH,=CHC02CHJ 


V-benzyltrirnethyl- 
C H C S N  


CH, nmrnoniurn hydroxide 
CH,O 


p-I 
CHqO 


IV 


0 
II 


HO-C--\ 
1. SOCI, 


2. SnCI, 


CH,O CH,O 
VII 


0 s-7 


CH,O 
VIII 


O W N  


CH,d 


Scheme I 
IX 


150 ml. of anhydrous ether and 10 drops of pyridine, was added 
19.5 g. (0.165 mole) of thionyl chloride. The mixture was allowed to 
stand overnight and then the ether and excess thionyl chloride were 
removed in uucuo (aspirator) from a 40" water bath. Forty milli- 
liters of anhydrous benzene was added and removed in uucuo as 
above; then another 40 ml. of benzene was added and removed simi- 
larly, removing the last traces in uacuo. The residual yellow oil was 
dissolved in 20 ml. of anhydrous benzene and chilled, with stirring, 
in an ice-brine bath until about half the benzene had frozen to  the 
wall of the flask. A solution of 35 ml. of stannic chloride in 35 ml. of 
anhydrous benzene was added rapidly, producing a sticky red com- 
plex which was not stirrable. After standing for 30 min., the complex 
was decomposed with 100 ml. of concentrated hydrochloric acid, 100 
g. of ice, and 100 ml. of ether. The aqueous layer was separated and 
extracted with ether and then with benzene. The combined organic 
phases were washed with 5 %  hydrochloric acid, with 5 %  sodium 
hydroxide solution, and finally with a saturated solution of sodium 
chloride. Evaporation of the volatile solvents deposited 31.1 g. 
(96.2%) of VII as long white needles, tinged with yellow, m.p. 95". 
(The yellow color could be washed o f f  with cold ethanol without 
significant loss of cyanotetralone.) Two recrystallizations from 
methanol afforded the analytical sample, m.p. 101.5-102.0", 
2235 cm.-' (C=N) and 1689 cm.-I (C=O). 


Anal.-Calcd. for CI3Hl3NO2: C, 72.54; H, 6.09; N, 6.51. Found: 
C, 72.95; H, 6.52; N, 6.44. 
1,2,3,4-Tetrahydro-7-methoxy-l-methyl-4 -oxo-1-naphthamide 


(VIIQ-By Cyclization of VI with Polyphosphoric Acid-A mixture 
of 3.0g. (13 mmoles) of V1 with 25 ml. of polyphosphoric acid was 
stirred at 90-100" for 1 hr. When the orange-brown reaction mix- 
ture was poured into 250 ml. of water and 250 ml. of chloroform, 
stirred by a magnetic stirrer, the viscous mass quickly dissolved. The 


phases were separated and the greenish-yellow fluorescent aqueous 
layer was extracted twice with chloroform; then the combined 
extracts were washed twice with 5% sodium hydroxide and twice 
with water. After drying with sodium sulfate, evaporation of the 
chloroform extracts afforded 2.9 g. (97%) of yellowish amidotet- 
ralone (VIII). Two recrystallizations from water with the use of de- 
colorizing carbon afforded white crystals, m.p. 179.0-179.5"; 
A ~ ~ ~ "  3484 cm.-' (free NH), 3378 cm.-' (bonded NH), and 1675 
cm.? (amide C=O). 


And-Calcd. for ClaH1sN03: C ,  66.91; H, 6.48; N, 6.00. Found: 
C, 67.16; H, 6.39; N, 5.98. 


By Cyclization of VI with Hydrogen Fluoride-About 75 ml. of 
anhydrous hydrogen fluoride was added to 5.0 g (21 mmoles) of 
cyanoacid (Vl) in a polyethylene bottle. When all of the hydrogen 
fluoride had evaporated, the residue was poured onto ice, the solu- 
tion was made alkaline, and the solid was removed by filtration and 
washed with ice water. The dried solid, 4 g. (75%), m.p. 178-180", 
did not depress the melting point of the amidotetralone obtained 
from the polyphosphoric acid cyclization, and the IR spectra of the 
two samples were identical. 


By the Rudziszewski Reaction on VII-A suspension of 21.5 g. 
(0.100 mole) of cyanotetralone (VII) in 41 ml. of 30% hydrogen 
peroxide and 200 ml. of 95% ethanol was warmed to 60" with stir- 
ring. The addition of 2 mi. of 7.5 N sodium hydroxide caused the so- 
lution to reflux, accompanied by a rapid evolution of oxygen. The 
clear, colorless solution was refluxed a total of 45 min. with the addi- 
tion of more sodium hydroxide solution, as was necessary, to main- 
tain the pH at about 9.5. After neutralizing the mixture, the ethanol 
was removed in uacuo, water was added, and the mixture was heated 
to boiling and filtered before chilling to crystallize the product. The 
white crystals of crude amidotetralone amounted to 20.4 g.(88 %). Its 
identity was established by comparison of its 1R spectrum with an 
authentic sample prepared as previously described and by mixed 
melting point (no depression) 


1,2,3,4-Tetrahydro- 3 -isonitroso - 7-methox y - 1 -methyl -4-Ox0 - 1 - 
naphthamide (IX)-By Acid Catalysis-A chilled mixture of 1.8 
ml. (22 mmoles) of precooled concentrated hydrochloric acid and 
2.8 ml. (2.6 g., 25 mmoles) of cold, dry n-butyl nitrite (24) was added 
rapidly, with vigorous stirring, to a suspension of 4.7 g. (20 mmoles) 
of amidotetralone (VIII) in 30 ml. of reagent methanol chilled in ice. 
The ice bath was removed and the white suspension was allowed to 
warm spontaneously. When the temperature reached 15" the 
mixture took on a green tint and a mild exothermic reaction set in. 
At 25", evolution of a colorless gas began and the exothermic reac- 
tion became more vigorous; the temperature rose to 42" and then 
fell to 35" while most of the solid dissolved. Warming the yellowish- 
green suspension at 40" for 2 hr. produced a copious white precipi- 
tate which was removed by filtration and washed with ice-cold 
methanol. After drying, the white microcrystalline oxime (IX) 
weighed 3.1 g. (5973, m.p. 210-218" (dec.). 


The filtrate from the reaction mixture and the methanol washings 
of the crystals were returned to the flask and warmed at 40-45" for 
another hour. Adding 0.5 ml. of n-butyl nitrite to the dark-green 
solution and raising the bath temperature slightly caused the color of 
the solution to change to yellow and caused more solid to separate. 
After another 45 min. at 50°, 0.1 g. (22)  of IX, m.p. 217-222" (dec.), 
was filtered off. The product was soluble in aqueous alkali and 
sodium carbonate, giving a deep-yellow solution, but was almost 
insoluble in water and all common organic solvents except methanol, 
acetic acid, pyridine, dimethylformamide, and methyl cellosolve. 
Recrystallization from methanol-methylene chloride (1 : 1) gave 
stubby, very pale needles which darkened at about 205", sintered at 
about 215 O, and melted (in an evacuated capillary) at 220.1-224.1 O 


(corrected) with evolution of a gas. The oximinotetralone (IX) gave 
an immediate strong orange color with ferric chloride in ethanol 
which faded upon warming or acidification. It dissolved in concen- 
trated sulfuric acid to give a deep-yellow color rather than the in- 
tense red color which is typical of oximes of a-diketones (17). A 
yellow solution of its sodium or potassium salt gave the charac- 
teristic intense blue color with ferrous sulfate (25). 


Anal.-Calcd. for Cl3HI4N~O4: C,  59.53; H, 5.38; N, 10.68 
Found: C, 60.06; H, 5.68; N, 10.49. 


The solubility and melting behavior of the crude product sug- 
gested the presence of a less-polar, lower-melting isomer. Attempts 
to separate the suspected mixture on anionotropic alumina 
(Woelm) were unsuccessful. 


By Alkaline Catalysis-A solution prepared by dissolving 0.86 g. 
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(0.022 g. atoms) of potassium in 4 ml. of absolute ethanol and 8 ml. 
of anhydrous toluene was added to a suspension of 4.7 g. (20 mmoles) 
of VIII in 75 ml. of anhydrous toluene with vigorous stirring in a 
nitrogen atmosphere. The clear, dark solution was chilled to 5' in an 
ice bath, and 2.8 ml. (2.6 g., 25 mmoles) of cold n-butyl nitrite was 
added slowly. When the exothermic reaction ceased, the ice bath was 
removed and the suspension was allowed to warm spontaneously to 
room temperature. The brown mixture was stirred at 45" for 1.5 hr., 
cooled, diluted with an equal volume of anhydrous ether, allowed 
to stand overnight, and dried in a vacuum oven. 


The brown salt (5.9 g., 97% yield) was dissolved in 20 ml. of 
water containing 1 ml. of 10% sodium hydroxide solution and 
filtered to remove a few milligrams of dark-green solid. (An ether 
extraction of the filtrate removed more of the green compound.) 
Chilling the aqueous phase and acidifying to pH 4 with glacial acetic 
acid caused 3.9 g. (74%) of light-brown, gummy solid, m.p. 161- 
179", to separate. Triturating the solid with ice-cold methanol in a 
chilled mortar afforded 1.8 g. of buff-colored powder which softened 
at 200" and melted from 208-219". Recrystallization from methyl 
cellosolve-water ( I  : 1) gave yellow needles, m.p. 216-220", which 
did not depress the melting point of IX prepared by acid catalysis 
and which had an identical IR spectrum. Its sodium salt gave the 
characteristic deep-blue color with Fe++ (24). 


Evaporation of the methanol filtrate from the trituration of the 
gummy solid left a dark-brown gum which was dissolved in chloro- 
form and from which a buff-colored solid was precipitated by 
petroleum ether. Recrystallization of the material from dilute 
ethanol gave a yellow solid, m.p. 156-165"; hzf",ernloi' 3185 and 
1692 cm.-I; X ~ ~ ~ c 1 3  3663, 3344, 3205, and 1692 cm.-l. This 
material has not yet been identified. 
3-Amino-l,2,3,4-tetrahydro-7-methoxy-l-naphthamide Hydro- 


chloride (11)-A mixture of 1.050 g. (4.00 mmoles) of IX, 1.05 g. 
of 10% palladium on carbon, 4.4 ml. ofa  2 N solution of anhydrous 
perchlotic acid in glacial acetic acid (8.8 mmoles), and 45 ml. of 
glacial acetic acid were placed in a Parr hydrogenator at an initial 
pressure of 3.5 atm. When shaking was started, the first 2 moles of hy- 
drogen were taken up in 3-4 min., the next 0.5 mole in about 10 min., 
and the next 0.5 mole in about 30 min., by which time the uptake of 
hydrogen had practically ceased.Warming the mixture to 40-45' 
caused the uptake of hydrogen to recommence. After 2 more 
hours the slow, steady uptake ceased with a total consumption of 
108% of the theoretical amount of hydrogen. (Increasing the tem- 
perature causes the reduction to become complete in a shorter time.) 
The catalyst was removed by centrifugation and the solution was 
concentrated to dryness at the water pump. The residue, which was 
dissolved in water, was rendered distinctly alkaline and extracted 
first with ether and then with chloroform. The organic extracts were 
dried separately with potassium carbonate followed by potassium 
hydroxide pellets and then treated with anhydrous hydrogen chlo- 
ride. Only 7 mg. of amine hychochloride was obtained from the ether 
extract, and only 27 mg. was obtained from the chloroform extract. 
Therefore, the alkaline aqueous phase was placed in a liquid-liquid 
continuous extractor and extracted overnight with ether. After 
drying the ether phase as above, 315 mg. of the amine hydrochloride 
was precipitated with hydrogen chloride. The total recovery was 349 
mg. (32.2%). (From the methanol extraction of the catalyst in a 
continuous extraction apparatus, 0.48 g. of crystalline material 
was obtained. Assuming that the material was the perchlorate salt 
of 11, that weight represents another 37% of product.) 


The amine hydrochloride was dissolved in 12-15 ml. of absolute 


alcohol, a small amount of insoluble material was filtered off, and 
the solution was diluted with about two to three volumes of anhy- 
drous ether. The product separated as shiny white microcrystalline 
plates. A second recrystallization afforded the analytical sample, 
which darkened at 255", softened at 263", and melted (in an evacu- 
ated capillary) at 267.5-270.0"; h z z '  ''I 3390 and 3279 cm.-' 
(NH), 2012cm.-1(NH3+), and 1647 cm.? ( a m i d e C 4 ) .  


Anal.-Calcd. for CI3H18N2O2.HC1: C ,  57.67; H, 7.07; N, 10.35; 
CI, 13.10.Found:C,57.23;H,7.12;N,10.21;C1, 12.94. 
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Cytotoxic Activity of Imidazole Derivatives 


Keyphrases 0 Imidazole derivatives-synthesis 0 Cytotoxicity- 
imidazole derivatives 


Sir: 


In this communication, we wish to report the syn- 
thesis and cytotoxic activity of a number of imidazole 
derivatives (Compounds 1-8). The synthesis of these 
imidazole derivatives was accomplished by the reaction 
of a-haloketones with guanylhydrazones of aromatic 
aldehydes. The method of preparation of these com- 
pounds was very much similar to the one reported by 
Beyer et al. (1). The imidazole derivatives, Compounds 
1-8, were characterized by IR and UV spectroscopy. 


All these compounds were subjected to L-1210 in 
uitro assay for cytotoxic activity (2). In these screening 
experiments, the samples were weighed (about 5-10 
mg.) into glass homogenizers (32-ml. size) and sterilized 


Table I-Screening Data 
c,x - N =CH, K* 


R ‘ N , ! - - ~ ~ ,  


1 Phenyl 
2 Phenyl 
3 Phenyl 


4 3,CDihydroxy- 
phenyl 


5 m-Nitrophenyl 
6 p-Nitrophenyl 
7 Methyl 
8 Methyl 


~~~~~ 


0.022 0.038 H Phenyl 
Me Phenyl 0.96 1.5 
H 3,CMethylene- 0.29 0.47 


H 3,CMethylene- 27 50 


Me Phenyl 40 50 
H rn-Nitrophenyl 1.25 2.0 
H m-Nitrophenyl 21 50 


dioxyphenyl 


dioxyphenyl 


H O - H Y ~ ~ O X Y -  9.0 21 
phenyl 


with 0.1 ml. of 70% ethanol and about 0.1 ml. of 
dimethylsulfoxide (DMSO) to  help them solubilize. 
The sample was ground with sterile water to make a sus- 
pension containing L-12 10 leukemic cells. The tubes 
were stoppered and incubated at  37” for 3 days; then 
cell counts were made on each tube by a Coulter coun- 
ter. The percent inhibition and the ID50 and ID90 were 
calculated. 


The assay values for the compounds are shown in 
Table I. Values of 1 or less for ID5o were considered 
potentially active. 


Three compounds showed IDso values less than 1 .  
Based on these encouraging results, attempts are being 
made in our laboratories to synthesize a wide variety 
of these imidazole derivatives and to test them for 
L-1210 in uitro assay for possible cytotoxic activity. 
Obviously, more extensive testing will be required 
before any structure-activity correlation can be drawn. 
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Antigenicity of a Polypeptide with a 
Known Sequence of Amino Acids 


Keyphrases Polypeptides-known amino acid sequence 0 
Antigenicity-polypeptide 


Sir: 


Random copolymers containing varying amounts of 
the amino acid residues, alanine, glutamic acid, and 
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Figure 1-Theprecipitiii curve. 


tyrosine, have been shown to be antigenic (1-3). How- 
ever, due to the unknown primary amino acid sequence 
of these random polymers, it is difficult to describe the 
locus of the active site of these antigenic polymers. To 
overcome this difficulty, the use of linear polypeptides 
with a known repeating sequence of amino acids has 
been suggested. For this purpose, poly-(L-tyrosyl-L- 
glutamyl-~-alanylglycyl)glycine-l-~~C ethyl ester was 
recently synthesized (4), and we wish to report the anti- 
genic properties of this polymei. 


After obtaining preimmunization sera, four rabbits 
were treated at weekly intervals with 500 mcg. of poly- 
(tyr-glu-ala-gly)gly-1-’ 4C ethyl ester. The first 2 weeks 
they were injected intradermally using complete Freunds 
adjuvant as suspension medium, and the 3rd week they 
were injected subcutaneously. The injection on the 4th 
week was done intravenously using buffered saline. 
Bleedings were conducted on the following week, and 
the serum from each animal was found to  give a pre- 
cipitin reaction with the polymer. The preimmunized 
sera under the same conditions gave a negative precipi- 
tin reaction. The quantitative determination of the 
antibody was obtained by the addition of dilutions of 
p~ly-(tyr-glu-ala-gly)gly-l-~~C ethyl ester to 1-ml. 
samples of the pooled rabbit sera. The precipitates were 
kept at 4” for 48 hr., washed twice with small volumes 
of buffered saline, and collected by centrifugation. The 
total amount of protein precipitated was estimated by 
analysis for nitrogen by a micro-Kjeldahl method (5) .  
The amount of antigen contained in each precipitate 
was estimated by use of the Folin-Ciocalteu method. 
From these results the precipitin curve shown in 
Fig. 1 was obtained. 


From these results it can be seen that this polypeptide 
is antigenic ; further studies pertaining to the specificity 
of its antibodies are presently in progress. 
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Quantitative Correlation of Absorption 
and In Vitro Dissolution Kinetics of 
Aspirin from Several Dosage Forms 


Keyphrases 0 Aspirin dosage forms--dissolution, absorption 0 
Absorption-dissolution, aspirin-correlation 


Sir: 


Several types of in uiuo-in uitro correlation are de- 
scribed in the pharmaceutical literature (1). The most 
informative of these, but the most difficult to achieve, 
is the quantitative correlation between in uitro dissolu- 
tion and in uiuo absorption, particularly one involving 
several different dosage forms. An example is found in 
the report of Levy et al. (2) who were able to correlate 
the absorption of aspirin from three different dosage 
forms with a function of the dissolution rate, using the 
beaker method (3) at 50 r.p.m. A plot of the percent 
absorbed at time T uersus the percent dissolved in (T- 
lag time)/2 gave a straight line with a slope of unity. 


The present report introduces a new dissolution 
method, which has permitted an absolute quantitative 
correlation between the absorption and in uitro dissolu- 
tion of aspirin from these three dosage forms. These 
findings extend the work of Levy et al. (2) because this 
type of 1: 1 correlation was not attainable with the 
beaker method. 


A schematic diagram of the rotating-flask apparatus 
used to determine dissolution is shown in Fig. 1. The 
apparatus consists of a spherical glass flask suspended 
in a constant-temperature bath. The globe is supported 
by glass rods, fused to its sides, which form the hori- 
zontal axis of the sphere. One support rod is coupled 
to a constant-speed motor, which provides rotation 
about the horizontal axis. A sampling port is molded 
into the sphere to permit introduction of the dosage 
form and periodic withdrawal of samples. The volume 
of the dissolution medium (in this case 400 ml.) and 
the position of the sampling port are such that fluid 
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Mannich Bases from 1,2-Diphenylindolizine: Ephedrine and 
Methamphetamine as Amine Components 


WILLIAM B. HARRELL 


Abstract Two unique Mannich bases derived from 1,2-diphenyl- 
indolizine have been synthesized. Ephedrine and methamphetamine 
were employed as the secondary amine components in the syn- 
theses. Both products showed an initial marked CNS depression. 
The activity of the methamphetamine derivative was reversed after 
1.5 hr. to a pronounced CNS stimulation. 


Keyphrases 0 Mannich bases-synthesis c] 1,2-Diphenylindolizine 
-Mannich bases, synthesis Ephedrine, methamphetamine- 
amine components, Mannich reaction 0 CNS activity-l,2-di- 
p henylindolizine derivatives 


It has been established in these laboratories, as a 
result of a continuing search for indolizines with useful 
biological activity, that certain 3-dialkylaminomethyl 
derivatives of 1,2-diphenylindolizine were potent CNS 
depressants (1). It was a natural curiousity that prompted 
the consideration of compounds with established CNS 
stimulant activity as secondary amine components in 
the synthesis of Mannich bases of this type. 1,2- 
Diphenyl - 3 - [ N  - (2 - hydroxy - 1 - methyl - 2 - phenyl- 
ethyl)-N-methylaminomethyl]indolizine (I) and 1,2- 
diphenyl - 3 - [ N  - (1 - methyl - 2 - phenylethyl) - N - 
methylaminomethyl]indolizine (11) were synthesized 
from 1,2-diphenylindolizine using ephedrine and meth- 
amphetamine, respectively, as the secondary amine com- 
ponents in the Mannich reaction (2) (Scheme I). 


CH,-N-CH-CH-C,H, 
I I  I 


CH, CH, X 


I ,X=OH 
11, X = H 


Scheme 1 


EXPERIMENTAL 


Melting points were taken on a Thomas-Hoover capillary melt- 
ing point apparatus and are uncorrected. Elemental analysis of I 
was provided by Weiler and Strauss Microanalytical Laboratory, 
Oxford, England. The analysis of I1 was performed by Galbraith 
Laboratories, Knoxville, Tenn. The parent indolizine employed 
in the synthesis of the Mannich bases was 1,2-diphenylindolizine 
(394). 


Spontaneous Motor Activity-A preliminary evaluation of the 
activity of these compounds on the CNS was carried out in the 


following manner. The compounds were dissolved in one part 
N,N-dimethylacetamide, diluted with nine parts water, and in- 
jected intraperitoneally in mice (Swiss white, random bred, 20-30 
g.) in dosages of 5 mg./kg. body weight. Spontaneous motor ac- 
tivity was measured in a photoelectric cell activity cage and run 
against controls injected with solvent only. Both I and I1 showed 
strong CNS depressant activity. However, the animals were easily 
aroused and did not lose their righting reflex during this period. 
After approximately 1.5 hr., I1 showed a marked reversal of ac- 
tivity. The spontaneous motor activity increased significantly 
above that of the controls. This stimulation is presumably due to 
the metabolic release of the methamphetamine moiety. No sig- 
nificant stimulation was observed with I after 4 hr. A more extensive 
pharmacological study of these compounds will be carried out and 
the results will be reported. 


1,2-Dipheny1-3-"-(2- hydroxy- l-methyl-2-phenylethyl)-N- 
methylaminomethyl]indolizine (I)-To a 125-mi. conical flask was 
added 0.75 ml. of 40% aqueous formaldehyde (0.01 mole), 2.48 
g. of L-ephedrine (0.015 mole), and 30 ml. of N,N-dimethylform- 
amide. The mixture was allowed to stand at - 5 "  for 48 hr. At 
this point 1.35 g. of 1,2-diphenylindolizine (0.005 mole) was added 
to the flask and the mixture stirred at room temperature for 72 
hr. The reaction solution was nearly saturated with water and stir- 
ring was continued for 24 hr., during which the product crystallized 
out. The yield was 1.7 g. (76z). On recrystallization from acetone- 
water the compound gave m.p. 157-158". The compound gave a 
negative color test with p-dimethylarninobenzaldehyde indicating 
that substitution had occurred at the C-3 position ( 5 ) .  


Anal.-Calcd. for Cz1H3sN20: C, 83.37; H, 6.77; N, 6.27. Found: 
C, 83.29; H, 6.61; N, 6.15. 


1,2-Diphenyl-3-[N-(l -methyl -2 - phenylethy1)-N -methylamino- 
methyl]indolizine (11)-Methamphetamine hydrochloride, 6.2 g. 
(0.033 mole), was converted to the free base and transferred to a 
250-ml. conical flask. To the flask was added 1.5 ml. of 40% 
aqueous formaldehyde (0.02 mole) and 70 ml. of N,N-dimethyl- 
formamide. The flask was stoppered and allowed to stand at -5" 
for 48 hr. To the mixture was added 2.7 g. of 1,2-diphenylindolizine 
(0.01 mole). The reaction mixture was refrigerated for 96 hr. with 
occasional agitation. The product crystallized out on saturation 
with water. The yield was 3.6 g. (83 %) of fluorescent yellow crystals. 
Upon recrystallization from acetone-water the product gave m.p. 
141-142'. The compound gave a negative color test with p-di- 
methylaminobenzaldehyde. 


Anal.-Calcd. for C31H30N2: C, 86.47; H, 7.02; N, 6.51. Found: 
C, 86.20, H, 7.02; N, 6.49. 
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Inhibited Dissolution of Drug Crystals by a Certified 
Water-Soluble Dye 


J. PICCOLO and R. TAWASHI 


Abstract 0 Quantitative experiments to investigate the effect of 
FD&C Blue No. 1 on the dissolution of single crystals of sul- 
fathiazole, phenobarbital, thymol, and sulfaguanidine under 
controlled conditions, are described. At a very low concentration 
FD&C Blue No. 1 exerted a remarkable inhibition on dissolu- 
tion. Dissolution experiments on compressed disks and crystalline 
powder, gave a significantly lower dissolution rate than the pure 
drug alone. The dependence of the dissolution rate on the inhibitor 
concentration was studied in sulfaguanidine crystals, and a con- 
centration of 100 mcg./ml. reduced the dissolution rate by 55 %. The 
data presented is in agreement with the current theories concern- 
ing dissolution inhibition by small concentrations of impurities and 
suggests the dye molecules are preferentially adsorbed at the pri- 
mary dissolution sources in the crystals investigated. 


Keyphrases 0 Drug crystal dissolution-inhibition 0 Crystal 
dissolution inhibition-water-soluble dye 0 Dissolution rates, 
behaviorsingle crystals, compressed disks 0 FD&C Blue No. 
l-crystal dissolution inhibition 


The effect of small quantities of dissolved impurities 
on the dissolution, growth, and habit modification of 
crystalline materials has been a subject of different 
papers (1-3). The development of the dislocation 
theory, supported by the fact that many organic and 
inorganic crystals grow by dislocation (4), offered a new 
basis for examining the influence of impurities on dis- 
solution and growth of crystals. 


Albon and Dunning (5) found that a low concentra- 
tion of raffinose (1 part in 10,000 parts) lowered the 
rate of step movement of sucrose crystals. The in- 
hibitory action of raffinose and the retardation of step 
advancement was explained as being governed by the 
adsorption of raffinose on the steps of sucrose crys- 
tals. Ives et al. (6, 7) studied the dissolution kinetics in 
single crystals of lithium fluoride. The dissolution rate 
of lithium fluoride was inhibited by small concentra- 
tions of ferric ion (1 p.p.m.). The concept of impurity 
adsorption on the kinks-the primary dissolution 
sources-was discussed. 


Crystal poisoning and habit modification by dyes 
were reported by Buckley (2), Whetstone (S), and Engel- 
hardt (9). At the present, certified water-soluble dyes 
are used extensively as colorants in drug formulations, 
e.g., in tablets, tablet-coating, suspensions, etc. The 
possible effect of these colorants on drug dissolution and 
eventually drug availability needs a careful study. The 
purpose of this report is to investigate quantitatively the 
effect of F D & C  Blue No. 1 (as an example of certified 
dyes) on the dissolution behavior of some drug crystals. 


EXPERIMENTAL 


Materials-Conditions have been selected to grow nearly perfect 
drug crystals, suitable for single-crystal work. Crystals of sulfa- 
guanidine, thymol, and phenobarbital monohydrate were grown 
by slow evaporation at room temperature from a saturated solution 
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Figure 1-Single-crystul dissolution of phenobarbital monohydrate 
as a function of time. Key: A,  in 0.1 N HCI; m, in 0.1 N HCI con- 
taining I0 mcg.lml. FD & C Blue No. I .  


of the appropriate solvent. The solvents used were acetone for 
sulfaguanidine, carbon tetrachloride for thymol (lo), and a mixture 
of 50% acetone in water for phenobarbital monohydrate (11). 
Sulfathiazole Form I crystals were prepared from a saturated 
solution of sulfathiazole in 9 5 z  ethanol using the method de- 
scribed by Grove and Keenan (12). The materials used in this 
study are USP grade and solvents were purified before use. 


Dissolution Rate Studies-The linear dissolution rate was mea- 
sured by a direct optical method which has been previously de- 
scribed (13, 14). A single crystal was fixed in a rubber slit and placed 
in a jacketed dissolution cell. The cell was then filled with 200 ml. 
of 0.1 N HCI at 30°, stirring was maintained at 150 r.p.m. by syn- 
chronized motor (Hurst Corp., Princeton, Ind.). The distance be- 
tween the two parallel faces and boundary movement were measured 
as function of time. Measurements were done with a microscope 
fitted with a special filar micrometer (Zeiss). Each point represents 
the average of ten determinations. The rate of dissolution was de- 
termined in absence and in presence of low concentrations of FD&C 
Blue No, 1 (5-100 mcg./ml.). 


To study the dissolution behavior from compressed disks, the 
same apparatus was used after a slight modification. Tablets from 
the drug crystals were prepared, having the same diameter (1.88 
cm.) and compressed under the same pressure. The tablets were 
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Figure 2-Single-crystal dissolution of sulfathiazole as a function o/ 
time, Key: 0, in 0.1 N HCI; A, in 0.1 N HC[ containing 5 mcg.lml. 
FD&C Blue No. 1. 
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Table I-Single-Crystal Dissolution Rate in cm./sec. 


Dissolution Rate in 
Dissolution Rate 0.1 N HCl Contain- 


Material in 0.1 N HCl ing 10 mcg./ml. Dye 


Phenobarbital 
monohydrate 4.2 x 2.9 x 10-8 


Sulfathiazole 8.8 x 10-6 5 . 1  X 10-6 
Sulfaguanidine 6.8 x 10-6 4.6 x 10-6 


prepared without the use of any fillers, antiadhesives, or lubricants. 
The tablet was placed in one end of a short glass tube having the 
same diameter as the tablet, the other end of the tube was filled 
with molten white bees wax and left to set. At time zero, the tube 
was introduced into the dissolution cell containing 200 ml. of 
0.1 N HCl at 30°, stirring at 150 r.p.m. Samples were pipeted out at 
specified time and assayed spectrophotometrically for drug content 
at the appropriate wavelength in the UV region of the spectrum. 
The dissolution behavior was studied in absence and in presence of 
FD&C Blue No. I. A blank having the same concentration of FD& 
C Blue No. 1 as the dissolution media was used as a reference in 
determining the drug release in presence of the dye. 


Dissolution behavior of the crystalline powder was determined 
in absence and in presence of FD&C Blue No. 1 using the same 
dissolution cell. The crystalline powder was introduced into the 
dissolution cell at time zero; samples were pipeted out at specified 
time and assayed for drug content. To exclude the effect of particle 
size on the dissolution rate, the crystals used in the dissolution 
study came from the same batch. 


RESULTS AND DISCUSSION 


The results in Figs. 1-3 show that small concentrations of FD&C 
Blue No. I exerted a remarkable effect on the dissolution behavior 
of phenobarbital monohydrate, sulfathiazole, and sulfaguanidine. 
The linear dissolution rates in 0.1 NHCl and in 0.1 N HCI containing 
10 mcg./ml. Blue No. 1 are given in Table I. 


The dissolution behavior of sulfaguanidine single crystals was 
studied in presence of variable concentrations of FD&C Blue No. 1 
ranging from 0-100 mcg./ml. The data presented in Fig. 3 shows in- 
hibiting effect of the dye on dissolution and Fig. 4 demonstrates 
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Figure 3-Single-crystal dissolution of sulfaguanidine as a function OJ 
time. Key: 0, in 0.1 N HCI; A,  in 0.1 N HCI containing I0 mcg./ml. 
FD&C Blue No. I;O,in 0.1 N HCIcontaining.50 mcg./ml. FD&C Blue 
No. I ;  W ,  in 0.1 N HCI containing 100 mcg./ml. FD&C Blue No. I .  


CONC., mcg./ml. 


Figure &Effect of dye concentration on the dissolution rate of sul- 
faguanidine single crystals. 


the dissolution rate dependence on the inhibitor concentration. It 
is obvious that this curve tends to stabilize after 50 mcg./ml. 


Dissolution from the planar surface of a compressed disk was 
carried out to substantiate the results obtained from single crystals. 
Figure 5 shows the dissolution behavior of sulfathiazole compressed 
disks in 0.1 N HCI and in 0.1 N HCl containing 5 mcg./ml. Blue No. 
1. The inhibition obtained is in close agreement with that obtained 
from a sulfathiazole single crystal. 


Figure 6 represents the same phenomenon in compressed disks 
of thymol. The thymol crystals used in preparing the tablet were 
grown from CCln. These crystals exhibited spiral steps as shown 
in Fig. 7. Because of the fragile nature and shape irregularities 
of these crystals, it was difficult, in practice, to measure the 
dissolution rate of single crystals. 


The effect of 50 mcg/ml. of dye on 1.5 g. of sulfathiazole crystalline 
powder is shown in Fig. 8. Although the dye concentration is high, 
the dissolution rate was reduced by a value smaller than those ob- 
tained from studies on single crystals and tablets. This can be ex- 
plained by the relatively large surface area provided by 1.5 g. of 
the crystalline powder. 
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Figure 5-Dissolution behavior of sulfathiazole compressed disks. 
Key: 0, in 0.1 N HCI; m, in 0.1 N HCI containing 5 mcglml. FD&C 
Blue No. I .  
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TIME, min. 


Figure 6-Dissolution beliaacior of thymol compressed disks. Key: 
0, in 0.1 N HCI; W, in 0.1 N HCI containing 5 mcg.lm1. FD&C Blue 
No. I .  


The inhibitory effect of Blue No. 1 on the dissolution of the 
investigated drug crystals, is in agreement with the work of Saad and 
Higuchi ( l ) ,  representing a situation where a relatively large amount 
of sodium cholate retarded the growth and dissolution rates of 
cholestrol crystals. The inhibition of the surface dissolution rate 
by the dye is in agreement with the studies of Ives et ul. dealing with 
the effect of traces of ferric ion on the dissolution kinetics of a 
single crystal of lithium fluoride. 


The data obtained are consistent with the kink mechanism pro- 
posed by Gilman et ul. (15) and Ives (16). The mechanism involves 
preferred adsorption of the dye molecules a t  the priniary dissolu- 
tion sources of the crystal surface. The kinks in crystal ledges are 
the primary dissolution sources, where individual drug molecules 
can deposit or escape readily. 
In absence of dye, the drug molecules will be lost preferentially 


from the kinks where binding is weakest and effect a motion of the 
kinks along the ledges. The mean time for stripping will always be a 
simple factor of the ledge length. Continuous dissolution will re- 
quire successive nucleation of the kinks. In presence of dye inhibi- 
tion, the dye molecules tend to deposit on the kinks and reduce the 
kink nucleation rate. 


The fact that the curve in Fig. 4 tends to  stabilize after a certain 
concentration of dye is in agreement with previous observations 
reported by Ives and Plewes (7). It is in accord with the postulate 
that the observed optimum concentration in the plot of rate of 
dissolution uersns inhibitor concentration represents a situation 
where mono-kink adsorption is attained. 


A further evidence was found in investigating the morphological 
changes produced by the dye on the dissolving faces of sulfaguani- 
dine and sulfathiazole crystals. Figures 9 and 10 show the dissolu- 
tion features produced by 0.1 N HCI and 0.1 N HCI containing 50 
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Figure 8- Dissolution behuoior of sulfiithiazole crystulline powder. 
Key: e, in 0. I N HCI; A, in 0. I N HCI containing 50 mcg./rnl. FD&C 
Blue No. 1.  


p/ml. of the dye for a limited period of time. FD&C Blue No. 1 
seems to  act as an etchant producing etch pits on these dissolving 
faces. The observations are similar to those obtained by Gilman 
et at. (15) in their study of dislocation etch pit formation in lithium 
fluoride in presence of ferric ion as dissolution inhibitor. 


The major emphasis in this study is on surface dissolution of 
single crystals and of compressed disks of the drug crystals. For 
the present, the inhibited dissolution in presence of Blue No. 1, is 
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Figure 9-Effect of FD&C Blue No. I on the dissolving face of sul- 
faguanidine single crystal after 15 min. Key: a, in 0.1 N HCI, b in 
0.1 N HCl containing SO mcg.lml. FD&C Blue No. I .  Magnification: Figure 7-Thymol crystal exhibiting spiral steps. MagniJication: 


I25X. 125X. 
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understanding of the role of water-soluble colorants in drug formula- 
tions. 
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Figure lO--Effecct of FD&C Blue No. I on the dissoloing face of 
sulfathiazole single crystal after 15 min. Key: a, in 0.1 N HCI, 
b, in 0.1 N HCl containing 50 mcg.lm1. FD&C Blue No. 1. Magni- 
fication: 50UX. 
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Phenylisoquinolines and Hydroisoquinolines 


J. SAM, R. M. SHAFIK’, and K. APARAJITHAN 


Abstract 0 The synthesis of some derivatives of 5-, 6-, and 7- 
phenylisoquinoline, 3,4-dihydroisoquinoline, and 1,2,3,4-tetrahy- 
droisoquinoline are described. Results of preliminary pharma- 
cological tests are reported. 


Keyphrases 0 Phenylisoquinolines-synthesis 0 Hydroisoquino- 
linessynthesis 0 Pharmacological screening-phenylisoquino- 
lines, hydroisoquinolines 0 IR spectrophotometry-identity 


Several alkaloids which incorporate the l-benzyliso- 
quinoline (I) or tetrahydroisoquinoline (11) moiety in 
their structures possess interesting biological properties 
(1, 2). The latter structural feature has been proposed 
(3) as a precursor in the biosynthesis of the aporphine 
alkaloids (111). Whereas, extensive investigations (4, 5 )  
have been directed toward the synthesis of l-benzyliso- 
quinolines, little effort has been expended in studies of 
arylisoquinolines (VII) and the corresponding hydro- 
genated derivatives (VIII, X, and XI) (6) .  Consequently, 


d d  
I I1 111 


it was of interest to  determine whe.her compounds such 
as VII and hydrogenated VII possess CNS properties 
similar to known aporphines (7) (bulbocapnine) and/or 
cardiovascular properties. 


The synthetic approach followed is shown in Scheme 
I. The nitration of isoquinoline yielded 5-nitroisoquino- 
line (V) (8). The reduction of the latter compound to 
5-aminoisoquinoline (VI) (9, 10) followed by diazotiza- 
tion and coupling with benzene, according to a proce- 
dure similar to that described by Cadogan (11) for the 
preparation of biphenyls, provided 5-phenylisoquino- 
line. Hydrogenation of VIla hydrochloride using plati- 
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DRUG STANDARDS 


Testing for Uniformity: Sampling Plans in Pharmacopeias 
for Weight, Volume, and Content Uniformity 


VALERIA PIETRA and IVO SETNIKAR 


Abstract 0 A procedure for analyzing the unit-to-unit uniformity 
specifications given by several pharmacopeias and for translating 
them into coefficients of variation is presented. Since the pharma- 
copeias fail to give the probability level of the compliance with the 
specifications, two largely adopted probability levels were con- 
sidered: the 95% level which is important to the producer and the 
10% level which is important to the consumer. The coefficients of 
variation implied by official uniformity specifications for the weights 
of tablets, capsules, miscellaneous oral forms, and sterile solids; 
for injection volume; and for content were calculated. The examined 
pharmacopeias show remarkable differences, both with regard to 
the sampling strategy and to the allowed variability of the con- 
sidered dosage forms. 


Keyphrases 0 Pharmacopeias, dosage form uniformity testing- 
comparison 0 Uniformity specifications-coefficient of variation 
calculations Coefficient of variation, dosage forms-quations 0 
Variability determination-dosage form units 


The USP and N F  introduced their first uniformity test, 
for unit-to-unit weight variability of tablets, in the 
1950 editions. Since then uniformity specifications 
have been extended to the weight of other dosage 
forms (capsules and sterile solids) and, in other phar- 
macopeias, to the volume of injectable solutions (1-3). 
Finally, a uniformity specification for the content of the 
active ingredient of some tablets was introduced by 
USPXVII andNFXII  (4). 


As a general rule the official uniformity tests state 
the sample size and limit the number of specimens 
which may be outside certain limits. The allowed 
variability is difficult to evaluate since it depends on 
two factors: on the sampling plan and on the limits 
which discriminate the “inside” from the “outside” 
specimens. The pharmacopeias do not inform either on 
the maximum variability that a product complying 
with the specification may have (important information 
for the consumer) or on the maximum variability com- 
patible with the compliance of the product (important 
information for the producer). 


The uniformity specifications given by several phar- 
macopeias were therefore analyzed, translated into 
coefficients of variation, compared, and their efficacy 
and weaknesses commented upon. 


THEORY 


Although concerned with measurements of continuous variables, 
uniformity specifi.cations of pharmacopeias involve sampling plans 
worked out for attributes, i.e., for the restriction of “defectives.” 
However, since in the context defectives are the specimens which 


have a weight, volume, content, etc., outside some established 
limits, there is nothing intrinsically wrong with these specimens, 
provided that their incidence in the product does not exceed a 
certain percentage. Defectives in the context is therefore a mis- 
nomer and is properly substituted by the word “outsiders.” 


When the acceptance of a lot is based on a sampling plan defined 
by the sample size n and the acceptance number c,  the probability 
of acceptance P,  depends on the percentage of outsiders in the 
submitted lot and is shown by the operating characteristic curve 
(OC curve) which may be calculated by the binomial expansion. 
The OC curve does not, of itself, give information about the per- 
centage of outsiders which is considered critical for accepting a lot, 
but rather gives a general picture of the performance of the sampling 
plan on which it is based. In order to define, through the OC 
curve, the maximum percentage of outsiders allowed, the P, must 
be agreed on and specified. Conventionally, two P, values are con- 
sidered as particularly important in sampling-inspection procedures 
( 5 ) :  the Pa of 95%, representative of the “producer’s risk” (RP),  
and the Pa of lo%, used for defining the “consumer’s risk” (Rc). 
A possible alternative value for defining the RC may be the 5 %  ac- 
ceptance probability. 
In Table I the percentages of outsiders in the population corre- 


sponding to these three levels are given for the most common 
sample sizes asked by official specifications or used in pharmaceu- 
tical inspections. 


The values of Table I were calculated using the central F dis- 
tribution (6) for sample sizes n < 30, owing to the fact that in the 
expansion of the binomial: 


+ (nl f nz - 2) 


rP + (1 - P>I 


P, is the sum of the first 4 2  terms and (1 - P,) is the sum of the 
remaining n2/2 terms when: 


For sample sizes n = 50, 60, and 100, the percentages of outsi- 
ders were calculated with the aid of the tables of Cameron (7), 
i.e., using Poisson’s approximation (6). 


Table I shows the capability of a plan to detect and to limit the 
outsiders in a lot. But this is only one step toward the assessment 
of variability, which depends also on the limits used for discrimi- 
nating the insiders from the outsiders. These limits are symmetrically 
set about the mean and are expressed as fractions of the mean. 
The official uniformity specifications can be converted into an 
appropriate measure of variability (coefficient of variation, CV) 
by means of the factors given in Table 11, the entries of which are 
the reciprocals of the abscissas of the normal curve, corresponding 
to the fractions of outsiders, multiplied by 100. A numerical ex- 
ample of this conversion is shown in the section Specifications for 
Unijormity of Tablet Weights. 
In fact, for the evaluation of the variability through the per- 


centage of outsiders and the amplitude of limits, the distribution 
pattern of the variable must be recognized. Unfortunately the 
sample sizes prescribed by official codexes are inadequate for the 
identification of the distribution type and larger samples may not 
be available in field inspections, in inspections performed by the 
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Table I-Percentage of Outsiders which Will Be Accepted with the Stated Probabilities” for Samples of Stated Sample Size 
and Rejection Numberb 


Ot,l. Prob. 5 6 7 8 9 10 11 12 13 14 15 18 20 25 30 50 60 100 
Accept. I Sample Sizc -- 


0 0.95 1 0.9 
0.10 37 32 
0.05 45 39 


1 0.95 8 6 
0.10 58 51 
0.05 66 58 


2 0.95 19 15 
0.10 75 67 
0.05 81 73 


3 0.95 34 27 
0.10 89 80 
0.05 92 85 


4 0.95 42 
0.10 
0.05 


5 0.95 
0.10 
0.05 


6 0.95 
0.10 
0.05 


7 0.95 
0.10 
0.05 


8 0.95 
0.10 
0.05 


9 0.95 
0.10 
0.05 


10 0.95 
0.10 
0.05 


11 0.95 
0.10 
0.05 


12 0.95 
0.10 
0.05 


0.8 0 .7  0.6 
28 25 23 
35 31 28 
5 4.5 4 


45 41 37 
52 47 43 
13 11 10 
60 54 49 
66 60 55 
23 19 17 
72 66 60 
77 71 66 
34 29 25 
83 76 70 
87 81 75 


40 34 
79 
83 


0.5 0.5 0.4 0.4 0.4 0.3 0.27 0.25 
21 19 17 16 15 14 12 11 
26 24 22 21 19 18 15 14 
3.5 3.3 3 2.8 2.5 2.5 2.2 2 


34 31 29 27 25 24 20 18 
39 36 34 32 30 28 24 22 
9 8 7 7 6 5 . 5 5  4.5 


45 42 39 36 34 32 27 24.5 
51 47 44 41 39 36 31 28 
15 14 12 11 10 
55 51 48 45 42 
61 56 53 49 47 
22 20 18 17 15 
65 60 55 52 49 
70 65 61 57 54 
30 27 25 22 21 
73 68 63 59 56 
78 73 68 64 61 


35 32 29 26 
63 
67 
33 


9. 
39 
44 
14 
46 
51 
19 
53 
58 
24 
60 
64 
30 


5 7.5 7 
33 30.5 
38 34 
12 10.5 
40 36 
44 40 
16 14 
46 41 
50 46 
20 18 
51 46 
55 51 
24 22 
56 51 
61 56 
29 26 


56 
61 
30 


0.20 
9 


11 
1.5 


15 
18 


20 
23 


25 
28 


30 
33 
11 
34 
38 
14 
38 
42 
17 
43 
46 
21 
47 
50 
24 
50 
54 
27 
55 
58 
31 


3.5 


5.5 


8.5 


0.17 
7.5 
9.5 
1 


12.5 
15 
2.5 


17 
20 


21 
24 
7 


25 
28 
9 


29 
32 
12 
33 
36 
14 
36 
39 
17 
40 
43 
19 
43 
47 
22 
47 
50 
25 
50 
53 
28 


4.5 


0.10 
4.5 
6 
0.7 
8 
9 .5  
1 . 5  


10.5 
12.5 
2.5 


13.5 
15.5 
4 


16 
18.5 
5 


18.5 
21 
6.5 


21 
23.5 
8 


23.5 
26.5 
9.5 


26 
29 
11 
28.5 
31.5 
12.5 
31 
34 
14 
33 
36.5 
15.5 
35.5 
39 


0.09 0.05 
3.8 2.5 
5 3 
0 .6  0.35 
6 .5  4 
8 4.5 
1.4 0.8 
9 5.5 


10.5 6.5 
2.3 1.5 


11.1 6 . 5  
13 8 
3 . 3  2 


1 3 . 3  8 
15.3 9 
4.4 2.5 


15.5 9.5 
17.5 10.5 
5.5 3.5 


17.6 10.5 
19.7 12 
6.6 4 


19.6 12 
22 13 
7.8 4.5 


21.7 13 
24.1 14.5 
9 5.5 


23.7 14 
26.2 15.5 
10.3 6 
25.7 15.5 
28.3 17 
11.5 7.0 
27.7 16.5 
30 .3  18.0 - 
12.8 7 .5  
29.6 18 
32.4 19.5 


a Accept. prob. b Ot,l. 


average consumer, or in outgoing quality inspection of the pro- 
ducer. This obstacle may be overcome assuming a normal distribu- 
tion. But the variables involved do not always conform to the normal 
distribution, since sometimes they are truncated normal, skew, 
lepto- or platy-curtic, or bimodal, etc. (8-10). Nevertheless, a normal 
distribution is very frequent, and therefore it is still meaningful to 
assume it for analyzing uniformity specifications and for comparing 
those of different official codexes. Obviously this assumption must 
be kept in mind in critical situations and in borderline conditions. 
In these cases the distribution type ought to be checked with large 
samples before drawing final conclusions. 


Table 11-Factors (u) for Calculating CV” in Relation to the Per- 
centage of Outsiders 


Out- 
siders, 


Zb 0 1 2 3 4 5 6 7 8 9  


0 c 39 43 46 49 51 53 55 57 59 
10 61 63 64 66 68 69 71 73 75 76 
20 78 80 81 83 85 87 89 91 93 95 
30 97 99 101 103 105 107 109 112 114 116 
40 119 121 124 127 130 132 135 138 142 145 


Q CV = u . L; L is the limit about the mean and expressed as fraction 
of the mean. b E.g., for 22 % outsiders, u = 81. c Factors for percentages 
between 0.05 and 0.90: 
Percent 0.05 0.10 0.20 0.25 0.30 0.40 
Outsiders, % 29 30 32 33 34 35 
Percent 0.50 0.60 0.70 0.80 0.90 
Outsiders, % 36 36 37 38 38 


ANALYSIS OF THE UNIFORMITY 
SPECIFICATIONS OF PHARMACOPEIAS 


With the exception of the “PharmacopCe Franqaise” (1 I),  the 
most important recent pharmacopeias demand the compliance with 
uniformity tests for several dosage forms. In the present study 
the pharmacopeias listed in Table 111 were examined, their uni- 
formity tests analyzed, and the percentages of outsiders calculated 
with the aid of Table I at the acceptance probability levels of RP = 
95% and of RC = 10% and then converted into CV values using 
Table 11. 


Table In-Pharmacopeias Examined and Abbreviations Used 


Year of 
Pharmacopeias Issue Abbreviation 


British Pharmacopoeia 
Deutsches Arzneibuch 7 (of the DDR) 
Deutsches Arzneibuch 7 (of the BR) 
Farmacopea Ufficiale delta Repubblica 


Osterreichisches Arzneibuch 9 
Pharmacopde Belge 5 
Pharmacopoeia of Japan 7 
Pharmacopoea Nordica 
State Pharmacopoeia of the USSR 9 
SpCcifications pour le ContrSle de la 


United States Pharmacopeia XVII 
National Formulary XI1 


Italiana 7 


Qualitd des PrCparations Pharmaceu- 
tiques (WHO) 


1968 
1964 
1968 


1965 
1960 
1962 
1961 
1964 
1961 


1967 
1965 
1965 


BP 
DA-E 
DA- W 


FU 
OA 
PB 
PJ 
PN 
PUSSR 


WHO 
USP 
NF 
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Table IV-Official Specifications for Tablet Weight Uniformity 
7 -Acceptance Conditionsa-------- --- C F -  - 


Sample ---- I Condition--- ----- I1 Condition----- -Producer-- --Consumer--- 
Codex Size Plan Limits Op OC Plan Limits OP o c  I I1 I I1 


BP 20 2/20 m f L 4 . 5  24.5 0120 m f L’ 0.25 11.0 2.5-5.0 3.3-5.0 4.3- 8 .6  6.3- 9 .5  
DA-Ec 10 1/10 m f L 3.5 34.0 0110 m =k 2 L 0.50 21.0 2.4-7.2 3.6-10.8 5.2-15.7 8.&24.0 
DA- W 20 2/20 m + L  4 . 5  24.5 0/20 m i  2 L  0.25 11.0 2.5-7.5 3.3-9.9 4.3-12.9 6.3-18.9 
FU 20 2/20 m f  L 4.5 24.5 0120 m f  2 L  0.25 11.0 2.5-5.0 3.3-6.6 4.3- 8 . 6  6.3-12.6 
OA 20 2/20 m=t L 4 .5  24.5 0120 m + 1 . 5 L  0.25 11.0 2.5-5.0 2.5-4.9 4.3- 8 . 6  4.7- 9 .5  
PB 20 2/20 m f L  4 . 5  24.5 0120 m f 2 L  0.25 11.0 2.5-7.5 3.3-9.9 4.3-12.9 6.3-18.9 
PJ 20 2/20 m i L  4 .5  24.5 0120 m f 2 L  0.25 11.0 2.5-5.0 3.3-6.6 4 .3 -8 .6  6.3-12.6 
PN 100, 30 3/30 Md*L 4.5 21.0 0130 Md=k2L 0.17 7.5 2.9-5.0 3.8-6.4 4.6- 8 .0  6.5-11.2 
PUSSR 10 0110 m f  L 0 . 5  21.0 1.8-3.6 4.0- 8 0 
WHO 20 2/20 m f L  4.5 24.5 0120 m + 2 L  0.25 1 1 . 0 2 . 5 - 7 . 5  3 .3 -9 .94 .3 -12 .96 .3 -18 .9  
USP-NF 20 2/20 m f  L 4 .5  24.5 0120 m 31 2 L  0 25 11.0 2.5-5.0 3.3-6.6 4.3- 8 .6  6 3-12.6 


a The actual values o f L  are given in Table V. 6 The ranges shown reflect the ranges of L values for different tablet weights. c Cf. Footnotea of Table 
V. d Cf. Footnotch of Table V. 


Table V-Limits for Tablets Table VII-Notes for Capsules 


Codex 0 . 0 5 m  0.075m 0.08m- 0 . 1 0 m  0.125m0.15m 


BP >250 81-249 6 80 
BP (L‘) 3250 81-249 6 8 0  
DA-Ea >300 151-300 51-150 < 50 
DA-W >300 151-300 26-1 50 6 25 
FU >300 151-300 6 150 


PB 3300 150-299 25-149 <25 
PJ 2300 120-299 <I20 
PNh Sliding$ 
PUSSR 3120 <120 
WHO >324 131-324 14130 $ 13 
USP-NF >324 131-324 6 130 


OA > 500 251-500 $251 


a Same specifications for granules, dragee-cores, and pastilles. 
b Weigh 100 tablets and calculate the average weight M .  L = 0.10 M 
for tablets weighing less than 80 mg.; L = 4 mg. + 0.05 M for tablets 
weighing 80 mg. or more; values of L from 0.058 to 0.10 M were con- 
sidered for calculating CV.  


Some specifications set their limits about the sample mean m 
and some about the true mean p. In the first case the same specimen 
may be sometimes an outsider and sometimes an insider, according 
to the value of the mean of the sample which includes it. As a con- 
sequence the probability of acceptance depends also on the random 
difference between the sample mean and the true mean, as shown 
in a previous paper (12). No correction was made, however, for 
this situation or for the influence of double-sampling plans on the 
OC curve, since these corrections require propositions not given in 
the examined pharmacopeias. 


Specifications for Uniformity of Tablet Weights-Table IV sum- 
marizes the uniformity specifications and the acceptance condi- 
tions given for tablets. 


Most pharmacopeias set two interlinked conditions shown in 
Table IV under the headings I and 11. These conditions may be 
analyzed even by the trinomial expansion (1 3). 


~ ~~ 


(a )  Type A specification for contents of hard capsules. Limits: 
L = 0.10 m for contents of 120 mg. or less; L = 0.075 m for con- 
tents of more than 120 mg. Type B specification for contents of 
soft capsules (chlortrianisene, ethchlorvynol, ethosuximide, halibut 
liver oil, paramethadion, phytonanadione, tetrachloroethylene). 


(b) For hard and for soft capsules. 
Content, mg. >300 151-300 51-150 <50 
L 0 .05m 0.075m 0 . 1 0 m  0 .15m 


If the weight of content is labeled, m is the label weight. If the 
weight of content is not labeled, m is the sample average weight. 


(c)  L = 0.05 m + 10 mg. Values from 100 to lo00 mg. were 
considered for calculating CV. 


(d) Type A specification for the weights of whole capsules. In the 
event of noncompliance, type B specification is applied to contents. 
The definition of specification B is obscure. 


(e )  Type A specification for the weights of whole capsules. In the 
event of noncompliance, type B specification is applied to the con- 
tents. If the contents fail to comply with test B1, test B2 is allowed, 
provided that not more than 6/20 contents fall outside the limits 
m f 0.10 m. These conditions correspond to a producer’s CV 
6 7.5 and a consumer’s CV 6 13.5. 


The implied maximum percentages of outsiders are given in 
the Op column (for a P, = 95%, i.e., the producer’s risk) and in 
the OC column (for a P, = lo%, ix., the consumer’s risk). The 
limits which discriminate the outsiders are set by most pharma- 
copeias symmetrically about the sample mean. Usually different 
limits are given according to the average tablet weight, The “Phar- 
macopoea Nordica” makes an exception since it relates the weight 
limits to the mean obtained on a larger sample than that used for 
measuring variability and considers a sliding variation instead of 
a step-by-step one. From Tables IV and V it may be noted that 
both the limits and the tablet weights which define them are quite 
different in the examined codexes. 


The actually allowed unit-to-unit variabilities are given as CV 
values in Table IV, the ranges of which reflect the ranges of the 


Table VI-Official Specifications for Capsule Weight Uniformity 
Step Sam- , Acceptance Conditionsa--------- 7 7--- CVb----. 
or ple ---- I Condition---- --- I1 Condition----- --Producer-- -Consumer-- 


Codex Type Size Plan Limits Op OC Plan Limits O r  OC I I1 I I1 


BPC A 20 2/20 rn f L 4.5 24.5 0120 m i  2 L  0.25 11.0 3.8-5.0 4.9- 6 .6  6.4- 8 .6  9.5-12.6 


DA-E 10 1/10 m f Ld 3.5 34.0 0/10 m i  2 L d  0.5 21.0 2.4-7.2 3.6-10.8 5.3-15.7 8.0-24.0 
B 10 1/10 m + 0.075m 3.5 34.0 0/10 m =k 0.15m 0.5 21.0 3.6 5 .4  7 . 9  12.0 


DA-W 20 2/20 m f  0 .10m 4 .5  24.5 0120 m * 0 . 1 5 ~ 1  0.25 11.0 5.0 5.1 8 .6  9.5 
PB 20 2/20 m + ~e 4.5 24.5 0120 m f  2 L ”  0.25 11.0 3.0-7.5 4.0- 9 .9  5.2-12.9 7.6-18.9 
PN 20 2/20 m i O . 1 0 m  4.5 24.5 0120 m f 0 .20m 0.25 11.0 5.0 6 .6  8 .6  12.6 
WHO, A 20 0120 m 4 0.1Om 0.25 14.0 3 . 3  6 . 8  


B 20 2/20 m f 0.10m 4.5 24.5 0/20 m f 0.20rn 0.25 11.0 5.0 6 .6  8 .6  12.6 
USP-NFO A 20 0/20 m + 0.10m 0.25 14.0 3 .3  6.8 


B1 20 2/20 m f  0.10m 4 .5  24.5 0120 m f 0.25m 0.25 11.0 5.0 8.2 8.6 15.8 
B2 60 6/60 m + 0.10m 5 . 5  17.6 0160 rn * 0.25m 0.09 3.8 5 .2  7 .5  7 . 4  12.0 


The actual values of L are given in Table VII. 6 The ranges shown reflect the ranges of L values for different capsule weights. c Cf. Note (a) in Table 
VII. d Cf. Note (b )  in Table VII. e Cf. Note ( c )  in Table VII. f Cf. Note (d)  in Table VII. 9 Cf, Note (e )  in Table VII. 
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Table VIII-Official Specification for Weight Uniformity of Miscellaneous Oral Dosage Forms 


7- Acceptance Conditions , -  -c V- - 
7 I Condition I1 Condition-- --Producer-- --Consumery 


Dosage Form Plan Limits OP Oc Plan Limits O P  oc I I1 I I1 


DA-E 
Dragees 1/10 m f 0.15 m 3 . 5  34.0 7 . 2  15.8 


Pills 3/30 r n f 0 . 1 0 ~ 1  4 . 5  21.0 0/30 m f 0 . 3 0 r n  0.17 7 . 5  5 . 0  9 . 6  8 . 0  16.8 


Pills. 2/20 m + O . l O m  4 . 5  24.5 0/20 m f 0 . 1 5 m  0.25 11.0 5 . 0  5 . 0  8 . 6  9 . 5  
DA- W 


OA ~~~ 


Pills 3/30 m + O . l O m  4 . 5  21.0 0/30 m = t 0 . 3 0 m  0.17 7 . 5  5 . 0  9 . 6  8 . 0  16.8 
Divided powders O/lO m f Lb 0 . 5  21.0 2.9-5.4 6.4-12.0 


PB ~- 


Cachet-gelules 2/20 m f Lc 4 . 5  24.5 0 2 0  m f 2Lc 0.25 11.0 2.8-5.0 3.7-6.6 4.8- 8 . 6  7.1-12.6 
PN _ _ .  


Pills 3/30 Mdf 0.15 M 4 . 5  21.0 7 .5  15.0 
Drageesandboles 2/20 m f 0 . 1 0 m  4 . 5  24.5 0 2 0  m f 0 . 2 0 ~ 1  0.25 11.0 5 .0  6 . 6  8 . 6  12.6 


~~~ 


Q Comprehensive of all formed oral dosage forms. 
b Content, mg. > 1000 501-1000 201-500 < 200 


L 0.08~1 0.10 m 0.12 m 0.15 m 
m must be within f 10% the labeled weight. c L = 0.05 m + 5 mg. Values from 100 to 2000 mg. were considered for calculating CV.  d The grand 
mean M is calculated on 100 pills. 


L values given in Table V for weights of different tablets. Remark- 
able differences may be noted between the uniformity levels required 
by the different codexes. 


The following example, based on the BP uniformity specifica- 
tions for tablets greater than 250 mg., shows how the CV values 
were obtained. The sampling pIan is defined by n = 20 and c = 2 
(Table IV). According to  Table I there is a 9 5 z  probability of 
accepting the submitted lot if 4.5 (OP) of the items of the lot are 
outside the limits, which are m i 0.05 m (Table V). From the table 
of the normal distribution, it is found that 4 . 5 z  outsiders (OP), 
namely, 2.25% at each end, lie beyond the limits m =k 2 SD.  
Therefore, 2 SD = 0.05 m, so that CV = 100 SDfm = 2.5. 


The CV values may be obtained using the factors of Table 11: 


CV = u . L = 50 . 0.05 = 2.5 (Eq. 2) 


Specification for Uniformity of Capsule Weights, for Weights of 
Miscellaneous Oral Forms, and for Suppository Weights-Tables VI 


and VII show the weight uniformity specification for capsule 
weights, Table VITI shows those for miscellaneous oral dosage 
forms, and Table 1X shows those for suppositories. 


These tables were prepared following the same criteria adopted 
for tablets and, as for tablets, there is little similarity between the 
different sampling plan strategies and procedures. 


Specifications for Uniformity of Injectables-Tables X and XI 
summarize the specifications for weight uniformity of sterile solids. 
There are large differences with regard t o  the allowed CV values 
and still more with regard to the weight classes for which the 
sizes of limits change (Table XI). 


The specifi.cations for uniformity of volume of injectables are 
more regular (Table XII). These specifications are given in four of 
the examined pharmacopeias. 


Content Uniformity-USP-NF are the first pharmacopeias t o  
introduce a specification on content uniformity. The prescribed 
two-step procedure is summarized in Table XI1 and the operating 
characteristic curve is given in Fig. 1 .  


Table IX-Official Specifications for Suppository Weight Uniformity 


--Acceptance Conditions 7 r  cv-- - 
Sample I I Condition 7 ,  I1 Condition - -Producer- -Consumer- 


Codex Size Plan Limits OP OC Plan Limits O P  o c  I I1 I I1 


DA-E 5 m f 0 . 0 5 m  1.0 37.0 2 . 0  5 . 6  
DA-W 10 (#iO m+O0.05m 3 . 5  34 .0  0/10 m=tOO.lOm 0 . 5  21 .0  2 . 4  3 . 6  5 . 3  8.0 
PB 20 2/20 m + 0 . 0 5 m  4 . 5  24 .5  0120 m f O . 1 0 m  0 .25  11.0 2 . 5  3 . 3  4 . 3  6 . 3  
P N  20 2/20 m f 0 . 1 0 m  4 . 5  24.5 Of20 m f 0 . 2 0 m  0 .25  11.0 5.0 6 . 6  8 . 6  12 .6  
PUSSR 10 O/lO m f 0.05m 0 . 5  21 .0  1 . 8  4 .0  


Table X-Official Specifications for Weight Uniformity of Sterile Solids 


Sam- _---____- Acceptance Conditions- 7 -  cv- 
Codex StepSize Plan Limits O p  0s Plan Limits OP Oc I I1 I I1 


ple ----- I Condition---- --- 11 Condition---- y P r o d u c e r - -  -Consumer-- 


BP 10 1/10 pa* L 3 .5  34 .0  0110 m=!= 2 L  0 . 5  21 .0  2.4- 4 . 8  3.6- 7 . 2  5.3-10.6 8 . G 1 6 . 0  


DA-Ec 5 I/5 m =!= L 8 . 0  58 .0  0/5 m f . 2 L  1 .0  37 .0  2 . 8 - 8 . 6  3.9-11.7 9.1-27.1 11.2-33.6 
DA-E5 10 O/ lO  m + L 0.5 21.0 2.2- 5 . 4  4.8-12.0 


PB 10 O/ lO m f L 0.5 21.0 1 . 1 -  3 . 6  2.4- 8.0  


USP-NFe120 2/20 m f 0 . 1 0 m  4 . 5  24 .5  0/20 m=!=O0.15m 0 .25  11.0 5 .0  5.0 8 . 6  9 . 5  
2 6 0  6/60 m f 0 . 1 0 m  5 . 5  17 .6  1/60 m f 0 . 1 5 m  0 . 6  6 . 5  5 . 2  5 . 4  7 . 4  8 . 1  


PJ 10 O/ lO p d i L  0 . 5  21 .0  5.0-10.8 11.2-24.0 


For the values of L cf. Table XI. 
1~ p is the labeled weight. * The pooled mass of the 10 units must be within f 10% of the labeled mass, if this is smaller than 2000 mg., and within 


=t 15 % of the labeled mass if this is larger than 2000 mg. c The specification concerns the implants. d The sample average must be within ~.r f 0.5 L 
( c f .  Table XI). p is the labeled weight. Step 2 is allowed when the sample does not comply with Step 1 and when less than 7/20 weights are outside 
rn i 0.10 m. The producer’s CV may therefore reach a value of 7.5 and the consumer’s CV a value of 13.5. The sample average m must be between 
p + 0.07 p, where p is the labeled weight. The USP-NF do not state if the last rule applies to the sample of 20, or of 60, or to both. 
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Table XI-L Values for Sterile Solids 


Codex BP DA-E DA-E PB PJ 


0.03 m > 300 
0.05 m b 300 >300 151-300 


L =  


0.06 m > 1000 51-150 . ~~~ ~~ ~~~ 


0.075 177 121-299 151-300 26-50 
0.08 m 501-1000 
0.10 m <120 201-500 51-150 <26 
0.12 m 101-200 
0.14 m b 300 
0.15 m <lo0 <50 I2(f299 


0.30 m <15 
0.20 m 15-119 


DISCUSSION 


The specifications for uniformity tests prescribed in several 
important pharmacopeias are remarkably different, even in the 
same codex for different dosage forms, and lack essential informa- 
tion for establishing the variability actually allowed. If the speci- 
fications are analyzed with constant criteria, their comparison 
becomes possible and reveals discrepancies as CV at the consumer’s 
risk level from 8.0 to 15.7 for tablets, from 6.8 to 15.7 for capsules, 
from 8.0 to 12.0 for miscellaneous oral forms, from 4.3 to 8.6 
for suppositories, from 8.6 to 27.1 for sterile solids, and from 8.0 
to 15.8 for injection volume. 


For some dosage forms, different variabilities are allowed, de- 
pending on the average weight. The criteria adopted for establishing 
these weight classes differ markedly in the examined pharmacopeias 
as shown by Table V for tablets, Table VII for capsules, and Table 
XI for sterile solids. The differences are difficult to understand 
since they are not related to technical reasons because most dosage 
forms are produced with a narrower weight variability than that 
necessary for the compliance with the official specifications. The 
differences are even not justified by some needs of the consumer, 
who may be prepared to accept differences in uniformity according 
to the safety margin or to the therapeutic efficacy of a drug, but 
not according to the dosage form or to the size of the dosage form 
by which the drug is administered. 


Uniformity specifications with two interlinked compliance condi- 
tions (I Condition and I1 Condition in the tables) imply a larger CV 
for the second condition than for the first, both for the producer 
and for the consumer. Probably the second condition aims to 
establish absolute limits to variability or to protect from abnormal 
variability. Compliance with absolute limits, however, cannot be 
assured by sample inspections, and abnormal variability can be 
investigated only with much larger sample sizes than those con- 
sidered by the official specifications. 


Most specifications consist of a one-step sampling plan. There 
are some exceptions, e.g., USP-NF describe a two-step 
sampling plan for capsules, for sterile solids, and for content of 
active ingredient. These double plans are difficult to comment on 
since the second step in the three plans has different effects, both 
on the variability allowed to the producer and on the protection 
for the consumer. 
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Figure 1-Characteristics of two-step sampling plan for content 
uniformity of USP-NF. Key: AI, operating characteristic (OC) 
curve for ucceptance a&er the first sampling 10,O) ; RI, OC curve for 
rejection ufter the first sampling { 10,2) ; AI1,OCcurve for acceptance 
afrer the second sampling { 10,1;20,0) ; ASN, averuge sample number 
related to percent outsiders; R,, producer’s risk level (Pa = 0.95); 
R,, consumer’s risk level(P, = 0.10). 


Perhaps the most critical uniformity specification is the two- 
step sampling plan for content, required by USP-NF for 
some drugs dosed in tablets. The operating characteristic (OC‘) 
curves, given in Fig. I ,  show that the second step adds a very small 
amount of tolerated outsiders at the level of the R p  and that there 
is practically no difference of tolerated outsiders at the level of the 
Rc. The advantage of the second step, therefore, is not clear. 


The specification for content uniformity apparently restricts 
variability to the same order of magnitude as that allowed for 
tablet weights. The C V  allowed for content, however, is compre- 
hensive both for variability of actual content and for the apparent 
variability, i.e., that linked to the analytical error, which may reach 
values of 3 and more and is different for each analytical method. 
Therefore, the allowances for content variability areactually different 
for each drug, depending on the precision of the analytical method. 


In conclusion, the official uniformity specifications may be 
analyzed in order to obtain useful information on the variabilities 
actually allowed. The relevant CV values may be calculated and 
used for production-control charts and for acceptance inspections 
performed with other sample sizes. They inform also the consumer 
about the variability which may inhere in accepted products. 


The approach presented in this paper complements that of 
Roberts (14) who studied the relationship between CV of the lot 
and the probability that a sample fails the USP-NF uniformity 
tests for weight of tablets, capsules, or sterile solids. 


SYMBOLS AND DEFINITIONS 


Pa = acceptance probability 
n = sample size 
c = acceptance number 
p = fraction of defectives (or outsiders) in the population 


Table XII-Official Specifications for Uniformity of Injection Volume and for Content Uniformity 


Sample Acceptance Conditions - r cv 7 


Codex Size Plan Limits O P  o c  Producer Consumer 


BP 10 O/lO p f L Q  0.5  21 .o 1.8-3.6 4.0-8.0 
PB 10 1/10 p b  f 0 . 1 5 ~  3 . 5  34.0 7 .2  15.8 
PJ 10 1/10 pb f 0.15 p 3 . 5  34.0 7 . 2  15.8 
WHO 10 1/10 p b  f 0.15 p 3 . 5  34.0 7 .2  15.8 
USP-NF 10 OjlO pc f 0.15 f i  0.5 21 5 . 4  12 


30 1/30 p c f  0 . 1 5 p  1 . 5  21.5 6 .2  12 


a For labeled volumes 6 2.0 ml., L = 0.10 p ( p  = prescribed volume) and the sample average volume within p f 0.05 p.  For labeled volumes 
>2.0 ml., L must be within the labeled volume and fO.05 p.  The prescribed volume p is given in a table. b p is the prescribed volume given in a table 
of the codex. Directions are given for the limits of the average sample volume. c Specification for content uniformity. The second step, with additional 
20 contents, is allowed when not more than one value in Step 1 exceeds p =k 0.15 p. This implies a producer’s CV of 7.2 and a consumer’s CY of 15.7. 
p is the labeled content. The specification applies to tabIets of hydrocortisone, prednisolone, prednisone, chlorpromazine, prochlorperazine, digitoxin, 
ergonovine, and phenobarbital. 
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OC = operating characteristic curve 
RC = consumer’s risk (set at a 10% level) 
RI, = producer’s risk (set at a 95 level) 
C V  = coefficient of variation [CV = (s/m) . 1001 
s = sample standard deviation 
m = sample mean 
p 
T = prescribed value 
L 
k 
u 


is assumed (CV = uk) 
Outsiders = specimens outside mean =t L 
Insiders 


= population or true mean 


= limit symmetrically set about the mean 
= fraction of the mean by which limits are expressed (L  = km) 
= factor for calculating CV from k when a normal distribution 


= specimens inside mean =k L 
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Quantitative Gas-Liquid Chromatographic Determination 
of Estrone in Dermatological Products 


PRAMOD P. KARKHANIS and JON R. ANFINSEN 


Abstract 0 A gas-liquid chromatographic procedure employing 
an internal-external standard ratioing technique is described for 
the analyses of estrone in dermatological preparations. The anal- 
ysis of a cream or lotion is performed by the addition of an internal 
standard, extraction of sample with 10 sodium hydroxide, filtra- 
tion, adjustment of the filtrate pH to 9-9.5, and chromatography 
on a 3 % OV-1 column. 


Keyphrases 0 Estrone dermatological products-analysis 0 
Extraction procedure, estrone-internalkxternal standard ratioing 
technique 0 GLC-analysis 0 Equilenin solution-internal 
standard 


Estrone has been incorporated in creams primarily 
for the treatment of senile vaginitis, pruritus vulvae, 
leukoplakia vulvae, and in emollients for the relief of 
local antikeratotic and trophic therapy in skin of the 
climacteric. In addition to the base, these preparations 
frequently contain vitamin A, hydrocortisone, and 
pyrilamine maleate for local antihistaminic and analgesic 
effect. 


Several chemical methods for the estrone are found 
in the literature (1-5). However, due to the small amount 
of the steroid and the interference from the other 
ingredients in these pharmaceutical preparations, the 
results obtained with some of these methods were unre- 
liable. The biological assay of estrone (6), based on the 
cellular change in the vagina of the spayed mouse or rat, 
gave erratic results. 


Kroman et al. have quantitatively determined the con- 
centration of estrone in the human plasma using a 
combination of chemical extraction and gas chromatog- 
raphy (7) and Wotiz and Chattoraj have described a 
method to determine estrone in low- and high-titer urine 
employing TLC and gas chromatography (8). 


A GLC procedure has been described for ethinyl 
estradiol in both sesame oil solutions and solid dosage 
forms, using estrone as an internal standard, by Talmage 
et al. (9); Boughton et al. have determined ethinyl 
estradiol in tablets and granulations by gas chromatog- 
raphy using estrone as an internal standard (10). The 
proposed method, with a simple clean-up procedure, 
allows the separation and determination of estrone by 
gas chromatography while eliminating interferences 
from excipients commonly present in the creams and 
lotions. 


EXPERIMENTAL 


Instrument-Hewlett-Packard 5754A research chromatograph 
equipped with Hewlett-Packard 3370A electronic integrator and 
Honeywell Electronic 16 recorder. 


Column-A 1.22-m. (4-ft.) helical glass column, 4 mm. i.d. 
Liquid Phase-Three percent OV-1 on diatomite aggregate’ (HP), 


80-100 mesh (Supelco, Inc., Bellefonte, Pa.). The column is con- 
ditioned overnight a t  300” with a helium flow rate of 45 ml./mh. 


1 Chromosorb G, Johns-Manville Products Corp., New York, N. Y. 
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Figure 1-Theprecipitiii curve. 


tyrosine, have been shown to be antigenic (1-3). How- 
ever, due to the unknown primary amino acid sequence 
of these random polymers, it is difficult to describe the 
locus of the active site of these antigenic polymers. To 
overcome this difficulty, the use of linear polypeptides 
with a known repeating sequence of amino acids has 
been suggested. For this purpose, poly-(L-tyrosyl-L- 
glutamyl-~-alanylglycyl)glycine-l-~~C ethyl ester was 
recently synthesized (4), and we wish to report the anti- 
genic properties of this polymei. 


After obtaining preimmunization sera, four rabbits 
were treated at weekly intervals with 500 mcg. of poly- 
(tyr-glu-ala-gly)gly-1-’ 4C ethyl ester. The first 2 weeks 
they were injected intradermally using complete Freunds 
adjuvant as suspension medium, and the 3rd week they 
were injected subcutaneously. The injection on the 4th 
week was done intravenously using buffered saline. 
Bleedings were conducted on the following week, and 
the serum from each animal was found to  give a pre- 
cipitin reaction with the polymer. The preimmunized 
sera under the same conditions gave a negative precipi- 
tin reaction. The quantitative determination of the 
antibody was obtained by the addition of dilutions of 
p~ly-(tyr-glu-ala-gly)gly-l-~~C ethyl ester to 1-ml. 
samples of the pooled rabbit sera. The precipitates were 
kept at 4” for 48 hr., washed twice with small volumes 
of buffered saline, and collected by centrifugation. The 
total amount of protein precipitated was estimated by 
analysis for nitrogen by a micro-Kjeldahl method (5) .  
The amount of antigen contained in each precipitate 
was estimated by use of the Folin-Ciocalteu method. 
From these results the precipitin curve shown in 
Fig. 1 was obtained. 


From these results it can be seen that this polypeptide 
is antigenic ; further studies pertaining to the specificity 
of its antibodies are presently in progress. 


(1) P. H. Maurer, B. F. Gerulat, and P. Pinchuck, J.  Zmmunol., 
90, 388(1963). 


(2) P. H. Maurer, B. F. Gerulat, and P. Pinchuck, J. BioI. Chem., 
239, 922(1964). 


(3) L. G. Clark and P. H. Maurer, Znt. Arch. Allergy, 35, 58 
(1969). 


(4) B. J.  Johnson and E. G. Trask, J .  Chem. SOC. (0, 1969, 
2644. 


( 5 )  D. H. Campbell, J. S. Garvey, N. E. Cremer, and D. H. 
Sussdorf, “Methods in Immunology,” W. A. Benjamin, New York, 
N. Y., 1964, p. 46. 
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Quantitative Correlation of Absorption 
and In Vitro Dissolution Kinetics of 
Aspirin from Several Dosage Forms 


Keyphrases 0 Aspirin dosage forms--dissolution, absorption 0 
Absorption-dissolution, aspirin-correlation 


Sir: 


Several types of in uiuo-in uitro correlation are de- 
scribed in the pharmaceutical literature (1). The most 
informative of these, but the most difficult to achieve, 
is the quantitative correlation between in uitro dissolu- 
tion and in uiuo absorption, particularly one involving 
several different dosage forms. An example is found in 
the report of Levy et al. (2) who were able to correlate 
the absorption of aspirin from three different dosage 
forms with a function of the dissolution rate, using the 
beaker method (3) at 50 r.p.m. A plot of the percent 
absorbed at time T uersus the percent dissolved in (T- 
lag time)/2 gave a straight line with a slope of unity. 


The present report introduces a new dissolution 
method, which has permitted an absolute quantitative 
correlation between the absorption and in uitro dissolu- 
tion of aspirin from these three dosage forms. These 
findings extend the work of Levy et al. (2) because this 
type of 1: 1 correlation was not attainable with the 
beaker method. 


A schematic diagram of the rotating-flask apparatus 
used to determine dissolution is shown in Fig. 1. The 
apparatus consists of a spherical glass flask suspended 
in a constant-temperature bath. The globe is supported 
by glass rods, fused to its sides, which form the hori- 
zontal axis of the sphere. One support rod is coupled 
to a constant-speed motor, which provides rotation 
about the horizontal axis. A sampling port is molded 
into the sphere to permit introduction of the dosage 
form and periodic withdrawal of samples. The volume 
of the dissolution medium (in this case 400 ml.) and 
the position of the sampling port are such that fluid 
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Figure 1-Schematic diagram of dissolution apparatus. The flask 
has adiameter of about 16 cm. (6.5 in.) 


does not enter the port, regardless of the position of the 
flask as it proceeds through a revolution. These mea- 
sures prevent the accumulation of undissolved solid in 
the port. The port is stoppered to prevent loss of the 
dissolution medium to the water bath. A review of the 
literature on dissolution methodology suggests that this 
method is unique, although the hydrodynamics of the 
present system may be similar to  that found in the 
apparatus described by Ferrari and Khoury (4) or in 
the apparatus utilized by Simoons (5). 


The dissolution rate of aspirin from three commer- 
cially available dosage forms-conventional tablets, 
buffered tablets, and timed-release tablets-was 
determined at 37" and 1.2 r.p.m. in 0.1 N HC1. Samples 
of the dissolution fluid were taken at frequent intervals 
by means of a filter pipet. The samples were then hydro- 
lyzed and assayed spectrophotometrically at 302.5 
mp for salicylic acid. The dissolution data on each 
dosage form were compared with percent absorbed- 
time data on the same dosage forms in man from the 
literature (2, 6).  The correlation is shown in Fig. 2 
which is a plot of percent absorbed to time T uersus 
percent dissolved in vitro at time T. Regression lines, 
calculated by the method of least squares, using all 
data were as follows: 


percent absorbed = 0.79(percent dissolved) + 2.44 (EQ. 1) 


8o t 
g 60 70 1 
5 d l  50 


r I  I I 1 I I I 
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Figure 2-Plot of percent of dose of aspirin absorbed to time T after 
drug administration versus percent dissolved in vitro at time T. 
Key: 0, conventional tablets; 0, buffered tablets, and A, timed- 
release tablets. 


percent dissolved = I .08 (percent absorbed) + 4.48 (Eq. 2) 


The solid line in Fig. 2 represents Eq. 1. Using the 
method described by Mather (7) for interclass correla- 
tion where both variables are normally distributed, 
the correlation coefficient was found to be 0.92 cor- 
responding t o p  < 0.001. 


(1 )  G .  Levy, Proc. Int. Congr. Pharm. Sci. 27th, 1967, 58. 
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Penicillin Stability to Alcohols 


Keyphrases Penicillin G, potassium, stability-alcoholic solution 
0 Stability-alcoholic potassium penicillin G solution 


Sir: 


There is considerable confusion in the literature with 
regard to  the stability of penicillin solutions in the 
presence of alcohols. Several textbooks and other 
published works state that penicillin solutions are in- 
activated by alcohols and glycerol (1-14), and this 
statement is also found in the most recent volume of the 
United States Phurmacopeiu under the monograph 
for Potassium Penicillin G (15). Perhaps because of this 
statement, at least one textbook on microbiology 
cautions that patients with venereal disease being 
treated with penicillin should avoid an intake of 
alcoholic beverages (16). Historically, one can trace the 
probable origin of the belief that penicillin isinactivated by 
alcohols to a report by Abraham and Chain (17) who re- 
ported in 1942 that alkali salts of penicillin rapidly lose 
their biological activity when dissolved in primary alco- 
hols. Presumably, alcoholysis proceeds with the ultimate 
formation of the appropriate inactive monoester of 
penicilloic acid (Scheme I). 


However, in 1948, Chain el al. (18) conclusively 
demonstrated that this decomposition of penicillin 
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4-Thiazolylmethoxyureas as Potential Anticancer Agents 


GLENN H. HAMOR and ANDON HUDAVERDI" 


Abstract Preparation of a series of substituted 4-thiazolyl- 
methoxyureas and 4-thiazolylmethoxythioureas is described. 
These compounds, which are structurally related to the antitumor 
agent hydroxyurea, were essentially inactive when screened against 
the L-1210 lymphoid leukemia test system. One compound, 4- 
thiazolylmethoxyurea, showed moderate anti-inflammatory activity 
in the carrageenin-induced rat paw edema test. 


Keyphrases 0 Anticancer agents, potential-synthesis [7 4- 
Thiazolylmethoxyureas-synthesis CI Pharmacological screening- 
4-thiazolylmethoxyureas [7 IR spectrophotometry-identity 


Recent studies have demonstrated the antineoplastic 
activity of hydroxyurea (I) (1, 2) and hydroxyurethan 
(11) (3). Hydroxyurea has been shown to inhibit several 
mouse tumors and has been used clinically in the treat- 
ment of cancer (4-6). 


The aim of the present work is the synthesis of some 
4-thiazolylmethoxyurea derivatives (111) for evaluation 
as possible antineoplastic agents. These 4-thiazolyl- 
methoxyureas are structurally related to hydroxyurea, 
and also are related to 4-thiazolylmethoxyamine (IV) 
which is a potent histidine decarboxylase inhibitor (7). 
Histamine biosynthesis and histidine decarboxylase 
activity have been reported to increase in tumor tissue 
(8-1 1). 


0 0 
I /  


CZHS-0-C-NH-OH 
II 


HzN-C-NH-OH 
I I1 


I11 
S 


N (ilCHIONH, 2HCl  


IV 
Y = 0 R = H, phenyl, 1-naphthyl, 


cyclohex yl 
Y = S R = phenyl 


The five 4-thiazolylmethoxyureas synthesized are 
listed and their analytical data and melting points given 
in Table I and have the formula shown above (111). 
These ureas were prepared as shown in Scheme I. 


The synthesis of the starting 4-thiazolylmethoxyamine 
dihydrochloride (IV) is described in another publication 
(7). The desired 4-thiazolylmethoxyurea was prepared 
by the reaction of potassium cyanate and 4-thiazolyl- 
methoxyamine dihydrochloride by the method used by 
Bauer and Dalalian for the synthesis of aryloxyureas 
(12). By a modification of this method, the reaction of 
IV with phenyl isocyanate, with 1-naphthyl isocyanate, 
and with cyclohexyl isocyanate gave, respectively, 1 - 
phenyl-3-(4-thiazolylmethoxy)urea, l-(l-naphthyl)-3-(4- 


IV 


Y = 0 R = phenyl, I-naphthyl, cyclohexyl 
Y = S; R = phenyl 


Scheme I 


thiazolylmethoxy)urea, and l-cyclohexyl-3-(4-thiazolyl- 
methoxy)urea. The use of the alkyl isocyanates, methyl, 
ethyl, and n-butyl isocyanate, with IV by the above 
method gave no desired compounds. 


The reaction of phenyl isothiocyanate and IV yielded 
the expected l-phenyl-3-(4-thiazolylmethoxy)thiourea. 
This thiourea showed apparent decomposition upon 
standing a t  room temperature for 2 months. The 
synthesis of 4-thiazolylmethoxythiourea by the method 
used in the preparation of 4-thiazolylmethoxyurea was 
attempted. However, the isolation and purification of 
the desired 4-thiazolylmethoxythiourea could not be 
accomplished, because the compound was very unstable, 
apparently decomposing in 1-2 hr. 


BIOLOGICAL RESULTS 


Anticancer Screening-Four of the compounds, namely 4- 
thiazolylmethoxyurea (Compound No. 1, Table I) (NSC 116197), 
I-phenyl-3-(4-thiazolylmethoxy)urea (No. 2) (NSC 116723), 1- 
cyclohexyl-3-(4-thiazolylmethoxy)urea (No. 4) (NSC 119183), and 
I-phenyl-3-(4-thiazolylmethoxy)thiourea (No. 5) (NSC 119182), 
were submitted to the Cancer Chemotherapy National Service 
Center, National Cancer Institute, for screening against the L-1210 
lymphoid leukemia test system (13). None of the compounds 
possessed any significant antitumor activity. The cyclohexyl deriva- 
tive (No. 4) was considerably more toxic than the other alkoxyureas, 
being lethal to 5/6 mice at a dose of 75 mg./kg., injected intraperi- 
toneally. The other three compounds tested showed no lethality at 
400 mg./kg. 


Antimalarial Screening-Two compounds (Nos. 1 and 3) were 
tested for antimalarial activity against Plusmodium berghei in 
mice under the auspices of Walter Reed Army Institute of Re- 
search and were found to  be inactive. 


Preliminary Pharmacological Screening-Preliminary pharma- 
cological results' are available for 4-thiazolylmethoxyurea (No. 1) 
and I-phenyl-3-(4-thiazolylmethoxy)urea (No. 2). Compound NO. 
1 has no cardiovascular effect in the dog on i.v. injection. Tests per- 
formed in the rat (oral administration) showed that No. 1 has 
slight antipyretic and moderate anti-inflammatory (carrageenin- 
induced edema in the rat paw) effects, has a slight antidiuretic 
effect, and causes considerable anorexia. Tests in mice (i.p. injection) 
showed that the compound has no analgesic, antielectroshock, 


1 The authors thank Riker Laboratories, Northridge, CA 91324, for 
performing the pharmacological testing. 
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M.P., -Anal., %------ - 
No. Y R "C. Formula Calcd. Found 


( '11 ONH-C-NHR N l i l  
Table I-4-Thiazolylmethoxyureas 


1 0 H 124-5 C, 34.46 C, 34.67 
H, 4.07 H, 4.46 
N. 24.26 N. 24.00 


2 0 CsH5 1 W l  C,' 52.99 C,' 53.23 
H, 4.45 H, 4.54 
N, 16.85 N, 16.61 
S, 12.86 S, 12.51 


H. 4.38 H. 4.46 
3 0 1 -NaphthyI 132-4 C, 60.18 c ,  60.54 


N: 14.04 N: 13.75 


N; 15.83 N; 15.85 


antiamphetamine, nor antireserpine activity and no effect on con- 
dit ioned avoidance response. It decreases considerably the loco- 
motor activity of the animal (i.p. or p.0.). At very high doses it 
causes hyperactivity. The LDsa of the compound in mice (i.p.) is 
greater than 800 mg./kg. (0/10 mice dead). 


Compound No. 2 has no cardiovascular effects in the dog. In 
contrast to the results on No. 1 ,  slight increases in the amount of 
urine and in the body temperature of the rat (p.0.) were seen. There 
was no effect on conditioned avoidance response. Anorexic activity 
was present. Tests in mice (i.p.) showed a slight antielectroshock, a 
slight analgesic, and no antiamphetamine nor antireserpine effect. 
The compound (i.p., mice) slightly increased locomotor activity, 
and at high doses caused ataxia. The LD,, of the compound is 
greater than 800 mg./kg., i.p. (3/10 mice dead). 


EXPERIMENTAL 


The syntheses of the compounds reported in Table I are described 
here. All melting points were taken on a Fisher-Johns melting 
point apparatus and are uncorrected. Elemental microanalyses were 
performed by Elek Microanalytical Laboratories, Torrance, Calif. 
The IR spectra of all compounds were determined on a Perkin- 
Elmer Infracord apparatus in mineral oil mulls, and were in agree- 
ment with the assigned structures. 


4-Thiazolylmethoxyurea (No. 1)-To 20.31 g. (0.1 mole) of 4- 
thiazolylmethoxyamine dihydrochloride (7) dissolved in 150 ml. 
H20 was added 8.9 g. (10% excess) of potassium cyanate. The solu- 
tion was stirred at 60" for 1 hr. and then left overnight at 60" to 
evaporate to dryness. Extraction of the residue with 50 ml. boiling 
acetone, followed by concentration of the solution and cooling 
gave 6.2 g. (33.8z yield), m.p. 124-125". An analytical sample was 
obtained by three recrystallizations from acetone. 
l-Phenyl-3-(4-thiazolylmethoxy)urea (No. 2)-To a solution of 


0.6 g. (0.003 mole) of 4-thiazolylmethoxyamine dihydrochloride in 
10 ml. of water was added 100 ml. of benzene. Sufficient anhydrous 
K,C03 (approximately 30 g.) was added not only to form the free 
base but also to remove all water. The mixture was filtered through 
a folded filter paper and the water layer (if any) discarded. To the 
benzene layer containing the free Cthiazolylmethoxyamine was 
added 0.325 ml. (0.003 mole) phenyl isocyanate; the mixture was 
stirred for 30 min. at room temperature and then let evaporate to 
dryness overnight at room temperature to yield 0.48 g. (63 Z), m.p. 
100". 
l-(l-Naphthyl)-3-(4-thiazolylmethoxy)urea (No. 3 e T h e  naphthyl 


compound was synthesized by the same procedure used for the 
phenyl derivative above. From 1.02 g. (0.005 mole) Cthiazolyl- 
methoxyamine dihydrochloride and 0.85 g. (0.72 ml., 0.005 mole) 
1 -naphthyl isocyanate was obtained a white, crystalline product, 
which after three recrystallizations from benzene weighed 0.7 g. 
(4979, m.p. 132". 
l-Cyclohexyl-3-(4-thiazolylmethoxy)urea (No. 4 b T h e  cyclohexyl 


derivative was prepared similarly. From 1.34 g. (0.0066 mole) 4- 


thiazolylmethoxyamine dihydrochloride and 0.83 g. (0.0066 mole) 
cyclohexyl isocyanate were obtained 0.67 g. (39%) of product, m.p. 
76". An analytical sample was obtained by three recrystallizations 
from anhydrous ether. 
l-Phenyl-3-(4-thiazolylmethoxy)thiourea (No. 5 e I n  a similar 


manner, 1.02 g. (0.005 mole) of 4thiazolylmethoxyamine dihydro- 
chloride and 1.08 g. (0.6 ml., 0.005 mole) phenyl isothiocyanate 
gave, after recrystallization from benzene, 0.6 g. (45 %) of cream- 
colored solid, m.p. 119". 
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understanding of the role of water-soluble colorants in drug formula- 
tions. 
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Figure lO--Effecct of FD&C Blue No. I on the dissoloing face of 
sulfathiazole single crystal after 15 min. Key: a, in 0.1 N HCI, 
b, in 0.1 N HCl containing 50 mcg.lm1. FD&C Blue No. 1. Magni- 
fication: 50UX. 
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Phenylisoquinolines and Hydroisoquinolines 


J. SAM, R. M. SHAFIK’, and K. APARAJITHAN 


Abstract 0 The synthesis of some derivatives of 5-, 6-, and 7- 
phenylisoquinoline, 3,4-dihydroisoquinoline, and 1,2,3,4-tetrahy- 
droisoquinoline are described. Results of preliminary pharma- 
cological tests are reported. 


Keyphrases 0 Phenylisoquinolines-synthesis 0 Hydroisoquino- 
linessynthesis 0 Pharmacological screening-phenylisoquino- 
lines, hydroisoquinolines 0 IR spectrophotometry-identity 


Several alkaloids which incorporate the l-benzyliso- 
quinoline (I) or tetrahydroisoquinoline (11) moiety in 
their structures possess interesting biological properties 
(1, 2). The latter structural feature has been proposed 
(3) as a precursor in the biosynthesis of the aporphine 
alkaloids (111). Whereas, extensive investigations (4, 5 )  
have been directed toward the synthesis of l-benzyliso- 
quinolines, little effort has been expended in studies of 
arylisoquinolines (VII) and the corresponding hydro- 
genated derivatives (VIII, X, and XI) (6) .  Consequently, 


d d  
I I1 111 


it was of interest to  determine whe.her compounds such 
as VII and hydrogenated VII possess CNS properties 
similar to known aporphines (7) (bulbocapnine) and/or 
cardiovascular properties. 


The synthetic approach followed is shown in Scheme 
I. The nitration of isoquinoline yielded 5-nitroisoquino- 
line (V) (8). The reduction of the latter compound to 
5-aminoisoquinoline (VI) (9, 10) followed by diazotiza- 
tion and coupling with benzene, according to a proce- 
dure similar to that described by Cadogan (11) for the 
preparation of biphenyls, provided 5-phenylisoquino- 
line. Hydrogenation of VIla hydrochloride using plati- 
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Table I-Phenylisoquinolines and Hydroisoquinolines 


c6H6 
POSI- Yield, M p. "C. (Recrystn. Molecular -Anal., %-- 


No. R R' Method tion So1vent)a Formula Calcd. Found 


VIIa 


VIIb 


VIIc 


VlIIu 


VIIIb 


VIIIC 


VIIId 


VIIIe 


Xa 


Xb 


x c  


Xd 


XIU 


XIb 


Xlc 


XId 


XIe 


A 


A 


E 


B 


D 


D 


D 


D 


C 


C 


C 


C 


F 


G 


H 


H 


I 


5 


5 


7 


5 


6 


6 


7 


7 


6 


6 


7 


7 


5 


5 


7 


7 


7 


26 


- 


60 


98 


76 


70 


51 


70 


45 


77 


40 


44 


73 


80 


92 


- 


80 


185-1 86(WAc) 


237-239( W) 


233-235( WAC) 


290-292( W) 


235-237( W) 


231-233( ME) 


249-25 I (ME) 


1 8 3  WAC) 


176-178(E) 


254-256(E) 


190-192(E) 


216-218(EW) 


222-224( M E) 


228-230( W) 


237-238(EW) 


202-204( E) 


14&141 (A W) 


C, 58.1 
H, 3.3 
N, 12.9 
c, 55.4 
H, 4.1 
N, 4.0 
C, 58.9 
H, 3.6 
N, 12.5 
c, 73.3 
H, 6.6 
N, 5.7 
c, 73.3 
H, 6.6 
N, 5.7 
C, 74.0 
H, 7 . 0  
N, 5.4 
c, 73.3 
H, 6.6 
N, 5.7 
C, 58.4 
H, 4.7 
N, 12.4 
C, 57.8 
H, 3.7 
N, 12.8 
C, 58.7 
H, 4 .0  
N, 12.4 
C, 57.8 
H, 3.7 
N, 12.8 
C, 58.7 
H, 4 . 0  
N, 12.4 
C, 66.8 
H, 6.3  
N, 14.6 
c, 54.7 
H, 5.2  
N, 4.0 
c, 55.9 
H, 5.5 
N, 3.8  
C, 57.0 
H, 5 . 9  
N, 3.7 
c, 75.3 
H, 5.6 
N, 6.8  


C, 57.6 
H, 3.7 
N, 13.5 
c, 55.5 
H, 4.2  
N, 4 . 0  
C, 58.6 
H, 4.0  
N, 12.2 
C, 73.8 
H, 6.6  
N, 5 . 4  
c, 73.4 
H, 6 . 5  
N, - 
C, 73.6 
H, 7.1  
N, 5.3 
C, 73.0 
H, 6.9 
N, 5.8 
C, 58.5 
H, 4.6  
N, 12.8 
C, 58.8 
H, 3.9 
N, 13.0 
c, 59.0 
H, 4.4 
N, 12.3 
C, 58.0 
H, 3.9 
N, 12.9 
C, 59.0 
H, 4.0  
N, 12.8 
C, 66.7 
H, 6 . 3  
N, 14.0 c, 54.9 
H, 5.2 
N, 4.1 
C, 56.0 
H, 5.4 
N, 4.0 
C, 56.8 
H, 5.9 
N, 3.9 c, 75.4 
H, 5.6 
N, 7.0 


~~ 


a WAC = water-acetic acid; W = water; ME = methanol-ether; E = ethanol; EW = ethanol-water; P = petroleum ether (3C60"). b Free base, 
b.p. 146148" (0.6 mm.). c Picrate. d Methiodide. Calcd. for I :  36.6; Found: 36.8. Free base, b.p. 160' (0.2 mm.). u Hydrochloride, m.p. 261- 
263"(E). h Methiodide, m.p. 297-3OO0(W). Hydrochloride. 1 Calcd. for CI: 14.4; Found: 14.1. k Calcd. for C1: 13.7; Found 13.9. lCalcd.for C1: 14.4; 
Found: 14.5. Free base, b.p. 164" (0.65 rnrn.). n Hydrochloride, m.p. 261-263 "(E). 0 Hydrochloride, m.p. 263-264Odec.(ME). P Free base, m.p. 83- 
SS"(P). q Calcd. for C1: 12.3; Found: 12.6. .Free base, m.p. 73-74"(EW). a Hydriodide. t Calcd. for I :  36.1; Found: 36.0. u Free base, b.p. 137" (0.2 
mm.). v Calcd. for I:  34.8; Found: 34.6. ~ C a l c d .  for I :  33 .5;  Found: 33.5. z 5-Chloro-8-hydroxy-7-quinolylmethyl. Y Calcd. for C1: 8.6; Found: 8.4. 


num oxide catalyst yielded 5-phenyl-1,2,3,4-tetrahydro- 
isoquinoline (VIIIa) whereas VIIb gave the 2-methyl 
derivative (XIb). 


The 6-, and 7-phenyl-2,3-dihydroisoquinolines (X) 
were prepared via the Bischer-Napieralski reaction by 
heating N-acylbiphenylethylamines (IX) with poly- 
phosphoric acid (12). Reduction of X with sodium 
borohydride provided the I ,2,3,4-tetrahydroisoquino- 
lines (VIII). Dehydrogenation of VIIIe in p-cymene 
with 10% palladium on carbon (13) provided the cor- 
responding unsaturated isoquinoline (VIIc). 


Heating VIIIa with cyanamide (14) gave the guani- 
dine derivative (XIa). Methylation of VIIIe yielded the 
corresponding N-methyl derivative (XTc). Treating 


VIIIe with 5-chloro-8-hydroxyquinoline and formal- 
dehyde provided the Mannich product (XIe). The com- 
pounds that were prepared are listed in Table I. 


PHARMACOLOGICAL RESULTS' 


Acute effects (Table 11) after intraperitoneal injection were ob- 
served in male albino mice (20-30 per compound) weighing 25-35 
g. Estimated 48-hr. LDso and 95 confidence limits were determined 
by the method of Horn (15). The method of Irwin (16) was utilized 
in noting the effects produced. 


The authors are grateful to Dr. ,W. Marvin Davis, Department of 
Pharmacology, for the pharmacological data. 
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EXPERIMENTALz 


5-Phenylisoquinoline (VI1a)-Method A-A solution of 14.4 g. 
(0.1 mole) of 5-aminoisoquinoline (VI) in 300 ml. of dry benzene 
was treated with 25 ml. of freshly prepared isoamyl nitrite. The 
reaction mixture, which turned brown, was heated under reflux on 
a steam bath for 1 hr. and then allowed to remain at room tempera- 
ture for 18 hr. The solvent and unreacted isoamyl nitrite were re- 
moved by distillation. The dark-colored residue was extracted Hith 
hot petroleum ether (30-60"). The pale yellow liquid obtained after 
the removal of the solvent was distilled under reduced pressure. The 
picrate (VIIa) and the methiodide (VIIh) were prepared in the 
usual manner and recrystallized. 
5-Phenyl-l,2,3,4-tetrahydroisoqninoline (VIIIa)--Mefhod B-A 


solution of 7 g. (0.029 mole) of 5-phenylisoquinoline (VIIa) in 50 
ml. of 1 N hydrochloric acid was hydrogenated at 47 p.s.i. with 0.1 g. 
of PtO, catalyst for 12 hr. The mixture was heated to dissolve the 
solid that had separated and then filtered to remove the catalyst. The 
hydrogenated product was separated from the cooled filtrate and 
recrystallized. 
N-Acylbiphenylylethylamines (IX)-N-[2-(3-Biphenylyl)ethyl]- 


formamide (1Xa) and N-[2-(4-biphenylyl)ethyl]formamide (IXc) 
were prepared using a procedure similar to that described by Cannon 
and Webster (12) for the preparation of N-acylphenylethylamines. 
To 0.01 4 mole of the appropriate 2-biphenylylethylamine was added 
22.5 ml. of formic acid and 18 ml. of acetic anhydride. The solution 
was retluxed for 7 hr. and thereafter diluted with water and ex- 
tracted with ether. The ether layer was washed subsequently with 
10% sodium hydroxide, 10% hydrochloric acid, and water, respec- 
tively, and then dried over anhydrous sodium carbonate. The ether 
was removed under reduced pressure; the crude products (65% of 
IXa and 55% of IXc) were used without further purification in 
Method C. 


N-[2-( 3-Biphenylyl)et hyl]acetamide( IXb), and N-[2-(4biphenylyl)- 
ethyllacetamide (1x4 were prepared according to the procedure 
described by Sam ef a/. (17,18). 


6-, and 7-Phenyl-3,4-dihydroisoquinolines (XhMethod C-To 
61 g. of commercial polyphosphoric acid, heated to 150", was 
added with stirring 0.015 mole of the appropriate, dried, N-acyl- 
biphenylylethylamine (LX). The mixture was kept at 180-190" for 
3 hr. and then set aside for 9 hr. at room temperature. Thereafter, 
the mixture was diluted with 500 ml. of water and allowed to re- 
main at room temperature for an additional I2 hr. The solution was 


Scheme I 


2 All melting points were taken in open glass capiIlaries using a 
Thomas-Hoover melting point apparatus and are uncorrected. IR 
spectra of all compounds were determined on a Perkin-Elmer model 137 
infracord spectrophotometer using KBr pellets. The spectra were con- 
sistent with the assigned structures. 


filtered, rendered alkaline with a solution of 70 g. of sodium hy- 
droxide in 140 ml. of water and then extracted with ether. The ether 
extract was washed with water and dried over anhydrous sodium 
sulfate. The amine was distilled under reduced pressure and/or 
converted to a salt in the usual manner and recrystallized. 


6-, and 7-Phenyl-1,2,3,4-tetrahydroisoquinolines (VIIIhMerhod 
D-A solution of the proper phenyl-3,4-dihydroisoquinoline (X) 
in 80 ml. of ethanol was treated dropwise, while stirring, with a 
solution of 8 g. of sodium borohydride in 80 mi. of ethanol. The 
reaction mixture was allowed to remain at room temperature for 18 
hr. and then heated under reflux for 1 hr. The ethanol was distilled 
under reduced pressure and the residue diluted with water and ex- 
tracted with ether. The ether extract was washed with water and 
dried over anhydrous sodium sulfate. The ether was evaporated; 
the residue was distilled under reduced pressure and/or isolated as a 
salt and recrystallized. 


1-Methyl-7-phenylisoquinoline (VI1c)-Mefhod E-A mixture 
of 5.2 g. (0.023 mole) of l-methyl-7-phenyl-l,2,3,4-tetrahydroiso- 
quinoline (VIIIe), 5 g. of 10% Pd-C and 350 ml. of dry p-cymene 
was heated under reflux with stirring for 1 hr. The catalyst was re- 
moved by filtration and washed with two 50-ml. portions of hot ben- 
zene. The combined filtrate was extracted with dilute hydrochloric 
acid. The acid extract was rendered alkaline with dilute sodium 
hydroxide, and then extracted with ether. The ether extract was 
washed with water and dried over anhydrous magnesium sulfate. 
The residue obtained on evaporation of the ether was distilled. A 
picrate was prepared in the usual manner and recrystallized. 
5-Phenyl-3,4-dihydro-2(lH)-isoquinolinocar~xamidine hydrochlo- 


ride (ma)-Method F-A mixture of 1.23 g. (0.005 mole) of 
5-phenyl-l,2,3,4-tetrahydroisoquinoline (VIIIa), 0.25 g. (0.006 
mole) of cyanamide and 3 ml. of water was heated in an oil bath 
at 180" for 1.5 hr. The product was isolated from the resulting mix- 
ture by recrystallization. 
2-Methyl-5-phenyl-1,2,3,4-tetrahydroisoquinoline (XIhbMefhod 


C-A suspension of 5.05 g. (0.014 mole) of 5-phenyl-2-methyliso- 
quinolinium iodide (VIIb) in 50 ml. of water was hydrogenated at 
47.5 p.s.i. with 0.1 g. of PtOs for 48 hr. The mixture was heated 
and filtered to remove the catalyst and then cooled. The product 
was removed by filtration and recrystallized. 


1,2-Dimethyl-7-phenyl- 1,2,3,4-tetrahydroisoquinoline (X1c)- 
Method H-Methylation of 1.5 g. (0.0067 mole) of l-methyl-7- 
phenyl-l,2,3,4-tetrahydroisoquinoline (VIIIe) by the Eschwiler- 
Clarke method ( 1  7) gave a liquid which was distilled under reduced 
pressure. A hydriodide and a methiodide (XId) were prepared in 
the usual manner and recrystallized. 


2-[5-ChIoro-8-hydroxy-7-quinolylmethyl]-l-methyl-7-phenyl-1,2- 
3,4-tetrahydroisoquinoline (XIe)-Method I-To a solution of 0.49 
g. (0.0022 mole) of l-methyl-7-phenyl-l,2,3,4-tetrahydroisoquino- 
line (VIIIe) in 10 ml. of ethanol was added 0.4 g. (0.0022 mole) 
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Table 11-Acute Interperitoneal Toxicity and Symptomatic Observations 


 NO.^ LDso,mg./kg. Observations 


242( 208-282) 
141(117-170) 
521 (447-607) 
187( 165-210) 


104(86-125) 


141 (1 17-1 70) 


96(76-123) 


153( 126-1 84) 


77(66-89) 
52(45-61) 
95(74-123) 


59(44-79) 


383( 308-476) 


261(210-325) 


328(258-419) 


Sedation, ataxia, tremors 
Sedation, ataxia, tremors 
Sedation, ataxia, loss of righting reflex 
Sedation, tremor, vasodilation 
Sedation, convulsion at  toxic doses 
Slight motor excitation; convulsions 


at  lethal doses 
Slight analgesia early followed by long- 


continuing clonic convulsions 
Slight analgesia early, clonic convulsions, 


tremors, and ataxia 
Sedation, convulsion at toxic doses 
Long-continuing clonic convulsions 
Mixed CNS sedation, excitation. slight 


analgesia 
Depression of motor activity and respira- 


tion; ataxia and respiratory failure 
with lethal doses 


Sedation at  sublethal doses; mild clonic 
convulsions at  lethal doses 


Sedation, ataxia; mild clonic convulsions 
a t  lethal doses 


Sedation, ataxia 
~ ~~ ~ ~~ ~~~~~~~ 


a Refers to compound numbers found in Table I. * Hydrochloride, c Administered as an aqueous solution. d Administered as an aqueous SUS- 
pension in acacia. e Methiodide. f Hydrodide. 


of 5-chloro-8-hydroxyquinoline and 0.2 ml. of 38 formaldehyde. 
The mixture was refluxed for I hr. and then allowed to remain at 
room temperature for 18 hr. The product was removed from the 
cooled solution by filtration and recrystallized. 
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OC = operating characteristic curve 
RC = consumer’s risk (set at a 10% level) 
RI, = producer’s risk (set at a 95 level) 
C V  = coefficient of variation [CV = (s/m) . 1001 
s = sample standard deviation 
m = sample mean 
p 
T = prescribed value 
L 
k 
u 


is assumed (CV = uk) 
Outsiders = specimens outside mean =t L 
Insiders 


= population or true mean 


= limit symmetrically set about the mean 
= fraction of the mean by which limits are expressed (L  = km) 
= factor for calculating CV from k when a normal distribution 


= specimens inside mean =k L 
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Quantitative Gas-Liquid Chromatographic Determination 
of Estrone in Dermatological Products 


PRAMOD P. KARKHANIS and JON R. ANFINSEN 


Abstract 0 A gas-liquid chromatographic procedure employing 
an internal-external standard ratioing technique is described for 
the analyses of estrone in dermatological preparations. The anal- 
ysis of a cream or lotion is performed by the addition of an internal 
standard, extraction of sample with 10 sodium hydroxide, filtra- 
tion, adjustment of the filtrate pH to 9-9.5, and chromatography 
on a 3 % OV-1 column. 


Keyphrases 0 Estrone dermatological products-analysis 0 
Extraction procedure, estrone-internalkxternal standard ratioing 
technique 0 GLC-analysis 0 Equilenin solution-internal 
standard 


Estrone has been incorporated in creams primarily 
for the treatment of senile vaginitis, pruritus vulvae, 
leukoplakia vulvae, and in emollients for the relief of 
local antikeratotic and trophic therapy in skin of the 
climacteric. In addition to the base, these preparations 
frequently contain vitamin A, hydrocortisone, and 
pyrilamine maleate for local antihistaminic and analgesic 
effect. 


Several chemical methods for the estrone are found 
in the literature (1-5). However, due to the small amount 
of the steroid and the interference from the other 
ingredients in these pharmaceutical preparations, the 
results obtained with some of these methods were unre- 
liable. The biological assay of estrone (6), based on the 
cellular change in the vagina of the spayed mouse or rat, 
gave erratic results. 


Kroman et al. have quantitatively determined the con- 
centration of estrone in the human plasma using a 
combination of chemical extraction and gas chromatog- 
raphy (7) and Wotiz and Chattoraj have described a 
method to determine estrone in low- and high-titer urine 
employing TLC and gas chromatography (8). 


A GLC procedure has been described for ethinyl 
estradiol in both sesame oil solutions and solid dosage 
forms, using estrone as an internal standard, by Talmage 
et al. (9); Boughton et al. have determined ethinyl 
estradiol in tablets and granulations by gas chromatog- 
raphy using estrone as an internal standard (10). The 
proposed method, with a simple clean-up procedure, 
allows the separation and determination of estrone by 
gas chromatography while eliminating interferences 
from excipients commonly present in the creams and 
lotions. 


EXPERIMENTAL 


Instrument-Hewlett-Packard 5754A research chromatograph 
equipped with Hewlett-Packard 3370A electronic integrator and 
Honeywell Electronic 16 recorder. 


Column-A 1.22-m. (4-ft.) helical glass column, 4 mm. i.d. 
Liquid Phase-Three percent OV-1 on diatomite aggregate’ (HP), 


80-100 mesh (Supelco, Inc., Bellefonte, Pa.). The column is con- 
ditioned overnight a t  300” with a helium flow rate of 45 ml./mh. 


1 Chromosorb G, Johns-Manville Products Corp., New York, N. Y. 
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Figure 1-A typical chromatograph. 


Operating Conditions-Hydrogen pressure 14 p.s.i. ; air pressure, 
30 p.s.i.; helium flow rate, 70 ml./min.; column oven temperature, 
245 "; detector temperature, 290"; injection port temperature, 290"; 
detector, flame ionization. 


Reagents and Solutions-Estrone NFZ; equilenin (K and K 
Laboratories, Inc.) ; chloroform NF; sodium hydroxide 10 
aqueous solution; 6 N sulfuric acid. 


Standard Estrone Solution-Weigh accurately 50.0 mg. of estrone 
NF into a 25-ml. volumetric flask. Dissolve in and make to volume 
with methanol-methylene chloride (1 : 1). 


Internal Standard Equilenin Solution-Weigh accurately 50.0 mg. 
of equilenin into a 50-ml. volumetric flask. Dissolve in and make to 
volume with methanol. 


Working Standard Solution-Pipet 1 ml. each of standard and 
internal standard solutions into a small stoppered flask. Evaporate 
the solvent to dryness on a steam bath. To the residue add 0.5 ml. of 
chloroform. Mix well. 


Preparation of Sample Solution-Into a glass or polypropylene 
stoppered tube, weigh accurately an amount of sample containing 
approximately 1.0 mg. of estrone. With a pipet add 1 ml. of internal 
standard solution followed by 20 ml. of 10% sodium hydroxide 
solution. Heat on a steam bath for about 5 min. and then shake the 
tube on a mechanical shaker for about 10-15 min. or until the 
sample is well dispersed. Cool to room temperature. Filter the 
solution under vacuum through a 0.64-cm. (0.25-in.) layer of 
diatomaceous earth3 spread over glass-fiber filter paper (2.1 cm.) 


2 Supplied by the Dome Laboratories, Division of Miles Laboratories, 
Inc., West Haven, Conn. 


Celite 545, Johns-Manville Products Corp. 


in a Gooch crucible. Rinse the tube with 10 ml. of water and filler 
the rinsing. 


Transfer the filtrate to a 100-ml. beaker; rinse the vacuum flask 
with 10 ml. of' water and transfer it to the beaker. Adjust the pH of 
the solution to 9-9.5 with 6 N sulfuric acid while mechanically 
stirring. Transfer this solution to a 125-ml. separator and extract 
three times with 25 ml. chloroform. Collect the chloroform layer 
and discard the aqueous layer after the third extraction. Filter the 
chloroform extract through about 5-6 g. of anhydrous sodium sul- 
fate over a glass-fiber filter paper into a 125-ml. flask. Wash with 
10 ml. chloroform. Evaporate the solvent to about 10 ml. on a 
Rinco evaporator. Transfer the solution to a small tube, rinse the 
flask with 5 ml. of chloroform, and transfer it to the tube. Then 
evaporate the solvent to about 1 ml. by heating in a stream of 
nitrogen. This is the working sample solution. 


Chromatography-Balance the instrument after it has reached the 
operating temperatures and then set the range at lo* and attenua- 
tor to 8. Inject aproximately 3 4  pl. of working standard solution 
and working sample solution, using a 10-pl. Hamilton syringe. 
The estrone peak has a retention time of about 3.0 min., whereas 
the equilenin peak has a retention time of about 4.0 min. The area 
under each peak is determined with an electronic integrator or by 
employing a manual technique (1  1). 


Calculations-Es = estrone peak area, Eq = equilenin peak area, 
A = micrograms of estrone in the working standard solution, and 
W = sample weight in grams: 


A Es/Eq for sample 
W EslEq for std. 


= nicg. estrone/g. (Eq. 1)  


L 
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STRONE 


4 6 
MINUTES 


Figure 2-A chromatograph obtained from the extract of dermato- 
logical preparation. 
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Table I-Determination of Estrone in Commercial Preparations 


Label Claim, Estrone Found, 
Product mcg. Estrone m W g .  


Cream I 200.0 205.4 
Cream 11 200.0 202.9 
Emollient 200.0 204.8 


RESULTS AND DISCUSSION 


The calibration curve for concentration of estrone versus in- 
tegrated area of estrone/integrated area for equilenin gave a 
straight line. A typical chromatograph is shown in Fig. 1 ,  and a 
chromatograph obtained from the extract of the dermatological 
preparation is shown in Fig. 2. Liquid phases such as SE-30, OV-1, 
and XE-60 were investigated. OV-1 [methyl silicone (Supelco, Inc.)] 
was found to be most satisfactory because of its stability at high 
temperatures. 


The accuracy of a gas chromatographic procedure is dependent 
upon the ability to compensate for errors resulting from extraction, 
filtration, and injection. The internal-external ratioing technique 
makes it possible to minimize these errors when an internal standard 
with chemical properties similar to the compound being quantitated 
can be identified. The most important chemical similarity to achieve 
is that of partition coefficient since large errors are introduced by ex- 
traction losses. Equilenin was selected as an internal standard due to 
its very close structural relationship with estrone (Structures I and 11) 
so that the losses incurred during the entire operation were compen- 
sated. The value of R. the response factor as described by Celeste and 
Turczan (12), was found constant; however, it should be noted that 


estrone 
I 


equilenin 
I1 


when employing the internal-external ratioing procedure, the deter- 
mination of gas chromatographic response factor is not necessary. 


The sample cream base formulated was composed of cetyl 
alcohol, stearyl alcohol, spermaceti, beeswax, white petrolatum, 
mineral oil, glycerin sodium lauryl sulfate, ascorbyl palmitate, 
BHT, BHA, and methyl- and propylparabens. Vitamin A palmitate 
and hydrocortisone alcohol were also present. To this cream base a 
fixed amount of internal standard of equilenin and known amounts 
of estrone at different levels were added. For 18 replicate samples, 
average recovery and coefficientsof variation were found to be98.9 % 
and 1.1 x, respectively. Three commercial preparations4 were 
assayed for their estrone content. The results obtained are shown in 
Table I. 
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Figure 1-Schematic diagram of dissolution apparatus. The flask 
has adiameter of about 16 cm. (6.5 in.) 


does not enter the port, regardless of the position of the 
flask as it proceeds through a revolution. These mea- 
sures prevent the accumulation of undissolved solid in 
the port. The port is stoppered to prevent loss of the 
dissolution medium to the water bath. A review of the 
literature on dissolution methodology suggests that this 
method is unique, although the hydrodynamics of the 
present system may be similar to  that found in the 
apparatus described by Ferrari and Khoury (4) or in 
the apparatus utilized by Simoons (5). 


The dissolution rate of aspirin from three commer- 
cially available dosage forms-conventional tablets, 
buffered tablets, and timed-release tablets-was 
determined at 37" and 1.2 r.p.m. in 0.1 N HC1. Samples 
of the dissolution fluid were taken at frequent intervals 
by means of a filter pipet. The samples were then hydro- 
lyzed and assayed spectrophotometrically at 302.5 
mp for salicylic acid. The dissolution data on each 
dosage form were compared with percent absorbed- 
time data on the same dosage forms in man from the 
literature (2, 6).  The correlation is shown in Fig. 2 
which is a plot of percent absorbed to time T uersus 
percent dissolved in vitro at time T. Regression lines, 
calculated by the method of least squares, using all 
data were as follows: 


percent absorbed = 0.79(percent dissolved) + 2.44 (EQ. 1) 


8o t 
g 60 70 1 
5 d l  50 


r I  I I 1 I I I 
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Figure 2-Plot of percent of dose of aspirin absorbed to time T after 
drug administration versus percent dissolved in vitro at time T. 
Key: 0, conventional tablets; 0, buffered tablets, and A, timed- 
release tablets. 


percent dissolved = I .08 (percent absorbed) + 4.48 (Eq. 2) 


The solid line in Fig. 2 represents Eq. 1. Using the 
method described by Mather (7) for interclass correla- 
tion where both variables are normally distributed, 
the correlation coefficient was found to be 0.92 cor- 
responding t o p  < 0.001. 
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Penicillin Stability to Alcohols 


Keyphrases Penicillin G, potassium, stability-alcoholic solution 
0 Stability-alcoholic potassium penicillin G solution 


Sir: 


There is considerable confusion in the literature with 
regard to  the stability of penicillin solutions in the 
presence of alcohols. Several textbooks and other 
published works state that penicillin solutions are in- 
activated by alcohols and glycerol (1-14), and this 
statement is also found in the most recent volume of the 
United States Phurmacopeiu under the monograph 
for Potassium Penicillin G (15). Perhaps because of this 
statement, at least one textbook on microbiology 
cautions that patients with venereal disease being 
treated with penicillin should avoid an intake of 
alcoholic beverages (16). Historically, one can trace the 
probable origin of the belief that penicillin isinactivated by 
alcohols to a report by Abraham and Chain (17) who re- 
ported in 1942 that alkali salts of penicillin rapidly lose 
their biological activity when dissolved in primary alco- 
hols. Presumably, alcoholysis proceeds with the ultimate 
formation of the appropriate inactive monoester of 
penicilloic acid (Scheme I). 


However, in 1948, Chain el al. (18) conclusively 
demonstrated that this decomposition of penicillin 
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Table I-Assay Results for Residual Potassium Penicillin G 


Day 


Potassium Penicillin 
0 


R’ 0, 
Potassium Penicilloate 


Scheme I--Alcoholysis of potassium penicillin f o  inactive potassium 
penicilloate 


salts in methanol occurred only in the presence of zinc, 
copper, or tin, which were contaminants in the alcohol 
that was used to demonstrate deactivation of penicillin 
as previously reported (17). They postulated that rather 
than a direct alcoholytic fission of the penicillin p- 
lactam ring, alcoholysis probably resulted through an 
intermediate oxazolone (penicillenic acid), formed by 
attack of the metal ion on the sulfur of the molecule 
(18). This inactivation of penicillin by metal-con- 
taminated alcohol was retarded by dimercaptopropanol 
(18). These findings were later confirmed by Parnaby, 
who pointed out that alcoholic penicillin solutions were 
as stable as aqueous penicillin solutions (19). 


Brodersen (20), while studying the kinetics of penicillin- 
penicillinase reactions, found that ethanol could be 
used to halt the enzymatic reaction without inactivating 
residual penicillin. At about the same time, other 
workers were using ethanol to eluate adsorbed peni- 
cillin from charcoal chromatographic columns in rela- 
tively good yields, which offers additional evidence 
that alcohols do not adversely affect penicillin stability 
(21). Indeed, penicillin has even been used in the past 
as a preservative of beer (22). 


Finally, one can point to Fleming’s original report 
on penicillin in which he indicates that penicillin activity 
could be extracted into ethanol from concentrated 
fermentation media (23) .  


Clearly, full consideration of the meaning of these 
early studies has not been given, and the concept of 
penicillin-alcohol “incompatibility” remains to this 
day. Curiously enough, with the voluminous literature 
available on all aspects of penicillins, a review by Doyle 
and Nayler (24) is the only report that we have found that 
clearly points out that penicillins are stable in the 
presence of alcohols. 


Preliminary studies in our laboratory indicated that 
potassium penicillin G,  following incubation with 
various concentrations of ethanol contained in nutrient 
broth, human serum, and human plasma, indeed 
continued to exhibit antibacterial activity against a 
known penicillin-sensitive strain of Staphylococcus 
aureus. Similar in uitro activity of penicillin in the 
presence of benzyl alcohol was demonstrated as well. 


Thus, to derive more quantitative data and to estab- 
lish that penicillin is stable in the presence of alcohols, 
we initiated a series of simple confirmatory experiments 


after 
Prepara- Potassium Penicillin G Remaining, 
tion of Solution Solution Solution Solution 


Solution Predicted= A6 Bc C* DS 


1 98.3 99.0 97.0 99.0 96.9 
2 96.7 96.3 94.0 97.4 97.1 
3 95.0 95.5 96.3 93.5 94.4 
4 93.4 92.0 94.9 90.0 89.8 
5 91 .0  92.0 90.0 92.5 88.4 ~. . _  


6 90.0 91.8 89.0 89.2 85.0 
7 88.0 88.5 87.0 88.0 85.2 
8 86.0 84.6 87.0 84.0 83.6 
9 84.0 86.4 85.2 84.0 83.2 


10 83.0 85.1 84.1 85.0 82.0 
~ 


a Calculated from published tables (20). b Potassium penicillin G 
control solution. c 40 % ethanolic potassium penicillin G solution. 
d 70% etbanolic potassium penicillin G solution. c 0.5 % benzyl alcohol 
potassium penicillin G solution. 


on the subject. Ethanol and benzyl alcohol were utilized, 
the latter because sterile distilled water containing 
benzyl alcohol as a preservative is used in many hospi- 
tals as a diluent for the preparation of solutions of 
penicillin for parenteral administration. 


Experimental-Materials-The penicillin used was 
commercially available potassium penicillin G. All 
solutions used in this study were prepared with a 1% 
phosphate buffer pH 6.0 (2.0 g. dibasic potassium 
phosphate, 8.0 g. monobasic potassium phosphate, and 
sufficient distilled water to make 1000 ml.) to contain a 
final concentration of 2000 u./ml. of potassium penicillin 
G. Subsequent sterilization of these solutions was done 
by Millipore filtration (0.22-p pore size), after which they 
were stored at  room temperature in previously sterilized 
glass flasks fitted with screw caps. 


Assay Procedure-The method used to determine 
residual penicillin was an iodometric titration adapted 
from Alicino (25)  and Mundell et al. (26) as described 
by Grove and Randall (27). At predetermined times 
(Table I), 2-ml. aliquots from each of the test solutions 
were aseptically removed and assayed for total peni- 
cillin. Each assay was done in duplicate, and the results 
were averaged. As a precautionary measure to detect 
accidental contamination by microorganisms, each day 
a small amount from each penicillin test solution was 
diluted with sterile saline and the resulting mixture was 
passed through a Millipore filter apparatus. Three 
further rinses with saline through the filter served to re- 
move all residual penicillin, after which the membrane 
filter was removed, incubated on a suitable solid 
medium according to standard procedures, and observed 
for evidence of bacterial or fungal growth. No contami- 
nation was noted for all solutions throughout the 
course of this study. 


Preparation of Penicillin Test Solutions-Penicillin 
Control (Solution A)-A sterile and buffered penicillin 
solution was prepared as described under Materials. 


Ethanol Penicillin Solutions (Solutions B and C)- 
Two separate penicillin solutions were prepared as 
directed for Solution A, except that a portion of the 
water in each solution was replaced with 95% ethanol 
to furnish final concentrations of 40% (Solution B) 
and 7 0 x  (Solution C) ethanol, respectively. 
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Benzyl Alcohol Penicillin Solution (Solution D)- 
A sterile aqueous solution of benzyl alcohol (0.5%) 
was used as the vehicle to prepare the buffered penicillin 
solution. 


Results and Discussion-The data from Table I show 
that the amounts of potassium penicillin G remaining 
in the control solution (Solution A) at specific times 
after the start of the experiment coincide rather well 
with predicted values which were calculated from 
published tables (20). Furthermore, it is noteworthy 
that the observed residual penicillin concentrations in 
the ethanol (Solutions B and C) as well as the benzyl 
alcohol (Solution D) solutions compared favorably 
with those of the penicillin control (Solution A). 


Thus, these experiments have shown that potassium 
penicillin G can be mixed with ethanol solutions of con- 
centrations as high as 70% for up to 10 days, with no 
greater loss than penicillin in aqueous solution. In a 
similar manner, it has been shown that benzyl alcohol, 
at  a concentration of 0.5 %, will not cause a decrease in 
stability of potassium penicillin G when in contact with 
the antibiotic for periods up to 10 days. 
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REVIEWS 


Experimental Methods in Pharmacology. By CHARLFS 0. WARD. 
St. John’s University Press, Jamaica, NY 11432, 1969. 119 pp. 
15 x 23 cm. 
This small book briefly describes 62 experiments under 18 different 


chapter headings. Some of the subjects covered are local anesthetics, 
psychotropic drugs, anticonvulsants, muscle relaxants, topical 
drugs, antihistamines, and diuretics. Most of the experiments de- 
scribed are time-tested. Unfortunately the book is not of general 
value even though it is well suited to  the author’s laboratory. The 
descriptions of the experiments are very short and in many cases not 
too informative. Many numbers are missing for dosages and stimu- 
lus parameters; no statement of the intent of the blank spaces is 
given. This reviewer presumes that the student is to furnish the num- 
bers by reference to the literature. 
In some cases the experiments are so inadequately described as to 


be seriously misleading. An example is the experiment on measuring 
blood flow with a rotameter. The obvious requirement that flow 


measurements must have simultaneous pressure measurements to 
have physiological meaning is ignored. In addition the use of the 
carotid artery is questionable because of the parallel flow (unmea- 
sured) through three other large arteries. 


The book is marred by many typographical errors; some of these 
are quite humorous, such as untravenously and cammula. Dosages 
are given in variable units; cc. of solution per kgm. or by weight per 
kgm. Anesthesia seems to have been omitted in some experiments in 
which it seems indicated. In an experiment in which painful stimuli 
are applied to a guinea pig, no description of the animal’s response is 
given. 


This edition of “Experimental Methods in Pharmacology” cannot 
be recommended for general use. The ideas behind it are excellent, 
and a revision based on discussions with other pharmacology 
teachers would be a welcome addition. 


Reviewed by R. P. Ahlquist 
Medical College of Georgia 
Augusta, GA 30902 W 
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Effect of Charge Shielding by Nonpolar Groups on the 
Partitioning of Quaternized Amines 


HOWARD L. JOHNSON, PANAYOTIS TSAKOTELLIS, and JOSEPH I. DeGRAW 


Abstract 0 The methiodide salts of a number of tertiary organic 
bases were examined for their distribution properties between 
chloroform and water. An attempt was made to demonstrate 
whether the screening of ionic charge by nonpolar groups would 
substantially increase the lipid solubility of the methiodides. Com- 
parison of a series of 2,6- versus 3,5-methyl-suhstituted N-methyl- 
piperidine methiodides revealed little difference in their partition 
coefficients. Syntheses are described for some previously un- 
reported substituted piperidines. 


Keyphrases [7 Amines, quaternized-partitioning [7 Charge 
shielding, nonpolar groups, effect-quaternized amine partitioning 


Partition coefficients-quaternized amines Tertiary bases- 
synthesis 


In recent years considerable effort has been directed 
toward the development and study of drugs which affect 
the central nervous system (CNS). Both qualitative and 
quantitative aspects of central Gersus peripheral activity 
depend not only upon the “intrinsic activity” and 
“receptor affinity” of a given drug, but also upon its 
rate and extent of distribution to specific sites within the 
CNS. Although knowledge is still incomplete, numerous 
studies have served to emphasize the lipid nature of the 
blood-brain barrier membrane. Two physicochemical 
parameters become of prime importance in determining 
rate and degree of penetration of this barrier by a drug 
(1). These are the lipid/water partition coefficient ( K )  
and the degree of ionization at physiological pH with 
rate of penetration being directly related to the former 
and inversely to the latter. Therefore it is generally 
assumed that there is little or no penetration by charged 
quaternary ammonium compounds. This is supported 
by pharmacological experience in that such compounds 
generally do not elicit effects attributable to central 
actions. 


In the initial phase of a program designed to evaluate 
the membrane permeability of quaternary ammonium 
compounds, the effect of structural variations in some 
quaternized bases have been investigated with regard to 
the partition coefficient in chloroform-water. Specif- 
ically, an attempt has been made to assess the importance 
of the steric relationship of hydrophobic, charge- 
insulating moieties to the locus of positive coulombic 
charge in a series of methyl-substituted piperidine 
methiodides. In addition, a few other quaternary salts of 
similar hydrocarbon content, but of a caged nature, 
were evaluated. The physical data and partition coeffi- 
cients for all of the methiodides are listed in Table I .  


It can be seen from the data in Table I that the major 
factor which determined the ability of the quaternary 
compounds to partition more favorably into the organic 
phase was the amount of hydrocarbon residue. If one 
allows that a change of about tenfold in the K value is 
significant, then the compounds of similar hydrocarbon 
content are not sufficiently different from one another 


t o  construct a case for enhancement of partitioning due 
to  charge shielding. Indeed, the results seem to be to the 
contrary when one compares the 2,6-dimethyl versus 
3,5-dimethylpiperidines (6 uersus 7; 10 versus 11) and 
the 2,2,6,6-tetramethyl uersus 3,3,5,5-tetramethylpiper- 
idines ( 8  versus 9;  12 versus 13). These comparisons are 
between compounds of equal hydrocarbon content, but 
with differences in proximity of the methyls to the 
coulombic charge. In each case the more distant 33-  
substituted methiodides have a K about equal to  or 
greater than the corresponding 2,6-substituted com- 
pounds. The authors had originally intended to  study 
only the acetoxy amine methiodides but were suspicious 
that the acetoxy groups were somehow distorting the 
results. However, comparison of the simple piperidine 
methiodides (1&13) did not alter their conclusions based 
on the acetoxy compounds. 


It would be premature to say that these results con- 
cerning partition coefficient could be extrapolated to a 
biological situation involving membrane permeability. 
However, the speculation of Friess et al. (2) to explain 
the similarity in functional acceptance of a quaternary 
and tertiary amine in the tropine series would seem to 
be affected by the authors’ data. Their hypothesis that 
the “tropine ring structure may obscure the classic 
differentiation between quaternary and tertiary amine 
structure in terms of preferential penetration to and 
adsorption at  certain peripheral and central chemore- 
ceptor surfaces” does not seem to be tenable when 
based on the concept of charge shielding. Such shield- 
ing, as expressed in partition coefficients, is similar in 
most of the compounds and is certainly not uniquely 
enhanced for the tropine esters. Again, one must be 
cautious in this interpretation when comparing chemi- 
cal uersus biological systems. The authors hope to  report 
on the degree and rate of penetration of the quaternary 
compounds through the blood-brain barrier as the 
second phase of this work. 


CHEMISTRY 


With the exception of the 1,3,3,5,5-pentamethylpiperidine com- 
pounds, synthesis of the various tertiary bases proceeded in a 
straightforward manner. All of the bases were liquids and character- 
ization was achieved viu methiodide or picrate salts. The Reformat- 
sky reaction of ethyl formate, amalgamated zinc, and two equiva- 
lents of ethyl 2-bromoisobutyrate afforded diethyl3-hydroxy-2,2,4,4- 
tetrarnethylglutarate in a 75 % yield. Acid hydrolysis yielded the 
glutaric acid (3) which was converted to the N-methyl-Cacetoxy- 
3,3,5,5-tetramethylglutarimide by the general procedure of Hall (4). 
Reduction of the acetoxy h i d e  with diborane in tetrahydrofuran 
afforded 1,3,3,5,5-pentamethyl-4-piperidinol. 1,3,3,5,5-Pentarnethyl- 
piperidine was also prepared by Hall’s procedure. 


EXPERIMENTAL 


Melting points are uncorrected and were taken in evacuated 
capillaries in the case of the methiodide salts. 
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Table I-Physical Data for Tertiary Amines and Methiodides 


Amins-- - r  Methiodides- - 
B.p., "C. K x 104 


No. Structure /mm.Hg M.p., "C. Formula Calcd. Found (CHC13/H20) 


6410.65 279-280 CiiHzolNOz C, 40.6 C, 40.8 2 .3 ,  1 . 8  
H. 6.20 H. 6.28 
N; 4.31 N; 4.31 u\ OAC 


8 . 1  6010.65 189-190 CiiHz01NOz C, 40.6 C, 40.8 
H, 6.22 H, 6.20 


N, 4.31 N, 4.16 


70/0.5 163-164 CioHisINOz C,  38.7 C, 38.7 2 .0 ,  2 . 3  
H, 5.84 H, 5 . 8 5  
N, 4.50 N, 4.31 


OAC 
4 (Ref. 5) CiiHzoINOz 6 .3  


'Q I 
35/0.65 16&167 CJJidNOz C, 36.1 C, 36.1 1.5, 2 .0  


H, 6.07 H, 6.12 
N, 4.68 N, 4.66 


4810.4 160-161.5 CIIHPZINOZ C, 40.4 C, 40.5 5.3 
H, 6.77 H, 6.65 
N, 4.28 N, 4.42 


6 


CHJ 


5210.75 210-211 C I I H ~ N O Z  c, 40.4 c, 40.4 8. I 
H, 6.77 H, 6.84 
N, 4.28 N, 4.40 


7 


I 
C H ,  


OAc 


14 0 170-1 72 CI~HZJNOZ C, 44 0 c, 43 9 7010 3 H, 7 28 


N, 3 98 
H, 7 37 


"('*"! N, 3 94 


8 


H C  I CH, 
CH 


('H , 


u CHJ 1 1  


I 


(Ref. 6, 7) 


260-263 Ci3H261N02 C, 44.0 c, 44.5 99.0 
H. 7.37 H. 7.40 
N; 3.94 N; 4.01 


9 . 0  


280-281.5 CsHdN C, 40.2 c, 40.4 11.6 
H, 7.49 H, 7.61 
N, 5.20 N,  5.14 


I 
CH, 


12 11911 16 203-204 CiiHz41N c, 44.5 C, 44.6 20.0 
H, 8.14 H, 8.39 
N, 4.71 N,  4.41 


CH, 


30 0 c, 44.2 80165 310 CnHJN c, 44 5 
13 H,LnwCH H, 8 14 H, 8.05 


h. N, 4 71 N, 4.79 I 


1,3,5-Trimethyl-4-piperidinol-A mixture of 0.30 g. of lithium to leave 0.60 g. (74%;) of syrup; Xfi l tr l  3.0 p (OH), no ketone remained 
aluminum hydride, 1.0 g. of 1,3,5-trimethyl-4-piperidone hydro- at 5.8 b. Vapor-phase chromatography showed a single peak. The 
chloride (8) and 20 ml. of dioxane was stirred at reflux for 5 hr. The oil was characterized as the methiodide salt, m.p. 226-230". 
solvent was removed i/z cuciio and the residue was suspended in Anal.-Calcd. for C,H2JNO: C, 37.9; H,  7.08; N, 4.91. Found: 
ether and decomposed with ice water. The ether was decanted from C, 38.0; H, 6.99; N, 5.01. 
the aqueous sludge and three additional ether extractions were 1,2,2,6,6-Pentamethyl-4-piperidinol-To a solution of 9.2 g. 
made. The ether was dried over magnesium sulfate and evaporated (0.059 mole) of 2,2,6,6-tetramethyl-4-piperidone (free base) in 55 
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ml. of toluene was added 3.0 ml. (0.025 mole) of methyl chloro- 
formate and the mixture was stirred at reflux for 45 hr. The toluene 
solution was washed with dilute acid, dried over magnesium sulfate, 
and evaporated in uacuo to leave 3.15 g. (5973 of the N-carbo- 
methoxy compound as a syrup; XfiIm 5.80 p (ketone, C=O), 5.92 
(urethan, -0). 


A mixture of 3.1 g. of the crude urethan, 3.1 g. of lithium alu- 
minum hydride, and 50 ml. of dioxane was stirred at reflux for 30 hr. 
The mixture was cooled in ice and cautiously decomposed with ice 
water. The dioxane was removed in uacuo and the white, pasty resi- 
due was extracted with several portions of ether. The ether was 
dried over magnesium sulfate and evaporated to leave 2.1 g. (84%) 
of the pentamethyl alcohol as a viscous syrup; X f i t m  3.0 p (OH), no 
carbonyl remained. Picrate, m.p. 244246" (from ethanol). 


Anal.-Calcd. for C16H24N408: C, 48.0; H, 6.04; N, 14.0. Found: 
C, 48.0; H, 5.95; N, 14.0. 
3-Hydroxy-2,2,4,4-tetramethylglutaric Acid-A stirred mixture of 


13.3 ml. (0.165 mole) of ethyl formate, 39 g. (0.60 g. atom) of 20- 
mesh zinc amalgam, 30 g. of ethyl 2-bromoisobutyrate, and a cat- 
alytic amount of iodine was heated to boiling. Reaction commenced 
immediately and an additional 64.7 g. (total of 0.49 mole) of bromo 
ester was added dropwise over 15 min. The mixture was refluxed for 
4 hr., cooled in ice, and decomposed by the addition of 250 ml. of 
3 N hydrochloric acid. The benzene layer was separated and the 
aqueous portion extracted twice with 150-ml. portions of benzene. 
The combined benzene extracts were washed with water, dried over 
magnesium sulfate, and evaporated in uacuo. Distillation of the 
residual liquid through a short Vigreux condenser afforded 31.5 g. 
(75 Z) of diethyl 3-hydroxy-2,2,4,4-tetramethylglutarate at b.p. 
86-93' (0.35 mm.). 


Hydrolysis of the ester (30.4 9.) was accomplished by refluxing 
with 620 ml. of 6 N hydrochloric acid for 6 hr. The solution was 
chilled to afford 14.1 g. (60%) of white crystals, m.p. 170-171"; 
lit. (3) m.p. 169-170". 
N- Methyl - 4 - hydroxy - 3,3,5,5-tetramethylglutarimide-The hy- 


droxy diacid above (14.1 g.) was refluxed for 16 hr. with 113 ml. of 
acetyl chloride, followed by evaporation of the reagent and distilla- 
tion of the residue under vacuum (100" at 0.2 mm.) to afford 15.6 g. 
(98%) of 4acetoxy-3,3,5,5-tetramethylglutaric anhydride. This 
material was immediately added to an ice-cold mixture of 60 ml. of 
40% methylamine and 100 ml. of 75 % acetone (4). After 20 min. the 
acetone was removed and the aqueous residue was acidified and 
extracted with chloroform to give 17.0 g. of a syrup regarded as the 
4acetoxy-3,3,5,5-tetramethylglutaric acid mono N-methylamide. 
The amino acid (16 8.) was treated with 25 ml. of acetic anhydride 
and 75 ml. of pyridine at reflux for 5 min. followed by standing at 
room temperature for 40 hr. The solvent was removed in uacuo and 
the residue treated with ice water and concentrated hydrochloric 
acid to precipitate N-methyl-4-acetoxy-3,3,5,5-tetramethylglutar- 
imide (12.6 g., 85%). Recrystallization of a portion from water 
afforded white crystals, m.p. 53-55". 


Anal.-Calcd. for CI2Hl9NO4: C, 59.7; H, 7.94; N, 5.81. Found: 
C ,  59.7; H, 7.82; N, 5.58. 


1,3,3,5,5-Pentamethyl-4-piperidinol-A mixture of 5.0 g. of the 
imide, 40 ml. of tetrahydrofuran, and 60 ml. of 1 M diborane in 
tetrahydrofuran was refluxed for 3 hr. An equal charge of diborane 
solution was added and refluxing was continued for another 3 hr. 
The solution was cooled in ice and treated with 1 ml. of water and a 
few drops of 6 N hydrochloric acid. A violent reaction caused the 
loss of approximately one-half of the contents of the flask. The 
remainder was evaporated in uacuo and the residue was treated with 
40 ml. of water and 6 N hydrochloric acid until strongly acidic. The 
resulting precipitate was extracted into chloroform, which was 
dried and evaporated to leave a white crystalline residue which 
possessed strong B-H bands in the IR at 4.2-4.4 p. The complex was 
decomposed by heating with 50 ml. of 2 N hydrochloric acid for I5 
hr. The resulting solution was made strongly alkaline with 10% 
sodium hydroxide and extracted with dichloromethane. The extract 
was dried over magnesium sulfate and evaporated in uacuo to leave 
1.1 g. of liquid which was directly acetylated and characterized as 
the rnethiodide salt. 


1,3,5-Trimethylpiperidine-A solution of 9.1 g. of I ,3,5-tri- 
methyl-pyridinium iodide (9) in 100 ml. of 80% methanol was 


passed through a column of 90 g. of ion-exchange resin [Dowex 2 
(chloride)]. The column was further eluted with 80% methanol and 
the solvent then evaporated in uucuo to leave 5.2 g. (91 %) of the 
methochloride salt. The material (4.7 9.) was hydrogenated over 1.0 
g. of platinum oxide in glacial acetic acid at 3 atm. After 20 hr. the 
calculated amount of gas was consumed. The catalyst was removed 
and the solvent evaporated in uacuo. The residue was alkalized with 
10% sodium hydroxide and the base was extracted into dichloro- 
methane. Since the amine tended to form a carbonate salt rapidly, 
it was directly converted to the methiodide salt. 


Acetate Esters-The appropriate alcohol, as the free base, was 
mixed with excess acetic anhydride and the solution was heated 3-5 
hr. on the steam bath. Pyridine was added in the case of hydro- 
chloride salts. Excess reagent was removed in uucuo and the residue 
was partitioned between chloroform and 10 potassium carbonate. 
The chloroform extract was dried over magnesium sulfate, evapo- 
rated, and the residual liquid distilled in vacuo through a short path 
apparatus; yields were 5(t70%. The boiling points of the bases are 
listed in Table I. Tropinol, pseudo-tropinol, 3-hydroxyquinuclidine 
hydrochloride, and 1-methyl-4-piperidinol were obtained from 
commercial sources; 1,2,6-trimethyl-4piperidinol hydrochloride 
(0-epimer, m.p. 266") was prepared by the hydrogenation of 1,2,6- 
trimethyl-4-pyridone (10). 


Methiodide Salts-An ethereal or acetone solution of the ap- 
propriate tertiary base was treated with excess methyl iodide and 
allowed to stand for 24 hr. For the hindered bases, no cosolvent was 
used and reaction times were extended to 2 days in the case of 1,2,6- 
trimethyl-4-acetoxy piperidine and 7 days for 1,2,2,6,6-penta- 
methyl-4acetoxypiperidine; 1,2,2,6,6-pentamethylpiperidine was 
refluxed 20 hr. in methyl iodide solution. The salts were recrystal- 
lized from absolute ethanol for analysis. Physical data are listed in 
Table I. 1,2,2,6,6-PentamethyIpiperidine was prepared by the 
method of Laboratorios Bonaplata, S.A. (1 1) and 1,3,3,5-5-penta- 
methylpiperidine by the procedure of Hall (4). 


Determination of Partition Coefficients-Values of K were esti- 
mated from the distribution of quaternary salts between chloroform 
and water (1O: l  volume ratio). Compounds were dissolved in the 
aqueous phase (2.0 mg./ml.) and partitioned with shaking over a 
period of 0.5 hr. The material in the chloroform phase was extracted 
into water and the quantity determined colorimetrically by the 
bromophenol blue method of Mitchell and Clark (12). A standard 
curve was determined for each compound. 
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Aqueous Stability of Clindamycin 


T. 0. OESTERLING 


Abstract 0 The kinetics and mechanism of degradation of the anti- 
biotic clindamycin were studied in buffered aqueous solution in the 
pH range 0.4-12. Clindamycin showed maximum stability a t  pH 
3-5; however, high temperature studies indicated that not more 
than 10% degradation will occur in the p H  range 1-6.5 after two 
years at  25". In the pH range 0.4-4 the major degradative pathway 
was hydrolysis of the thioglycoside linkage to form I-dethiomethyl- 
I-hydroxy clindamycin and methyl mercaptan. The major degrada- 
tive pathway in the pH range 5-10 was scission of the 7-(S)-C1 of 
clindamycin to form the 7-(R)-OH analog, lincomycin. Evidence 
was obtained that supports the hypothesis that this conversion to 
lincomycin proceeds through an oxazolonium intermediate and 
that the extent of conversion depends on the degree of protonation 
of the amine function of clindamycin. The activation energy for 
clindamycin degradation in 0.1 M HCI, where thioglycoside hy- 
drolysis is predominant, is 38.0 f 1.2 kcal./mole, and the activa- 
tion energy in 0.2 M citrate buffer adjusted to  pH 5,  where con- 
version to  lincomycin is predominant, is 29.1 f 0.6 kcal./mole. 


Keyphrases Clindamycin-stability, aqueous solution 0 Sta- 
bility-dindamycin aqueous solutions 0 Degradation, clinda- 
mycin-kinetics, mechanism, product identity 0 p H  effec- 
clindamycin stability 0 Temperature effect--clindamycin sta- 
bility 0 GLC-analysis 0 Mass spectroscopy-identity 


The synthesis and biologica1 properties of the anti- 
biotic clindamycin (I) were first reported by Magerlein 
et al. (1, 2). Clindamycin possesses marked anti- 
plasmodia1 activity ( 3 )  and is highly effective in the 
treatment of infections caused by Gram-positive or- 
ganisms (2). 


CH 


,lY . I 


OH 
I 


The purpose of this study was to  investigate the 
degradation of clindamycin in aqueous solution in 
order to supply basic information necessary for the suc- 
cessful formulation of the drug in liquid dosage forms. 
The effects of pH and temperature on the rate of 
clindamycin degradation were studied and the major 
products of degradation in the pH range 0.4-12 were 
identified. From these data, the conditions of maximum 
stability of clindamycin in aqueous solution were 
established and the stability of clindamycin in pharma- 
ceutical formulations could be predicted. 


EXPERIMENTAL 


Materials-Clindamycin, lincomycin, lincomycin tetraacetate, 
7-epilincomycin, and 7-epiclindamycin (The Upjohn Co.) were 
used and all other chemicals were reagent grade. 


I L , I 


Figure 1-Typical gas-liquid chromatogrum of acetyluted sumple 
from low pH (<4) reaction mixtures. Key: Peuk I ,  I-dethiomethyl-l- 
hydroxy clindamycin tetraacetate; Peuk 2, suspected anomer of 
Peak I ;  Peak 3, clindamycin triacr1ute; Peak 4, rholesteryl acetute. 


Kinetic Studies-pH-Rate Studies-Reaction mixtures containing 
clindamycin hydrochloride and buffers were prepared to cover the 
pH range 0.4@12 using the buffers shown in Table I .  Individual 
buffer systems were prepared from citric acid. tartaric acid, acetic 
acid, succinic acid, disodium phosphate, boric acid, and sodium 
carbonate, and adjusted to the desired pH at 70' by the addition 
of hydrochloric acid or sodium hydroxide. 


(0.02 
M )  in the pH range 1-6, 0.2% at pH 7, and 0.1 at pH values 
greater than 7. Reaction mixtures at  higher pH contained less 
clindamycin due to  the relatively low solubility of the undissociated 
species (about 2 mg./ml.). After preparation. volumes of each 
reaction mixture equivalent t o  12 nig. of clindamycin hydrochloride 
were filled into ampuls, sealed, and placed into a 70" constant- 
temperature bath. At appropriate times two samples were with- 
drawn, the p H  of one was measured, and an aliquot of the second 
equivalent to 10 mg. of clindamycin hydrochloride was freeze- 
dried. The amount of intact clindamycin present in the freeze- 
dried samples was determined by the gas-liquid chromatographic 
assay described below. 


Temperature-Rate Studies-The effect of temperature on the 
rate of clindamycin degradation was studied in 0.1 M hydrochloric 
acid and in 0.2 M citrate buffer adjusted to  pfi 5.  


Ampuls containing 10 mg./ml. of clindamycin hydrochloride in 
0.1 M hydrochloric acid were placed into constant-temperature baths 
set at  47,53,70,79, and 93". At appropriate times 1.0-ml. samples 
were withdrawn, freeze-dried, and the amount of intact clindamycin 
present in the freeze-dried samples was determined by the gas- 
liquid chromatographic assay described below. 


Ampuls containing 10 mg./ml. of clindamycin hydrochloride in 
the citrate buffer were placed into 47, 53, 60, 70, 80, and 90" con- 
stant-temperature baths. At appropriate times two ampuls were 
withdrawn, the pH of one was measured, and I .O ml. of the other 
was freeze-dried. The pH did not vary by more than 0.2 pH units 
from the initial pH during the reaction in all of the buffered reaction 
mixtures including the pH-rate studies described above. The 
amount of intact clindamycin present in the freeze-dried samples 
was determined by the gas-liquid chromatographic assay described 
below. 


Gas-Liquid Chromatographic Assay-One milliliter of deionized 
water was added to the freeze-dried sample, the pH was adjusted to 
11 with concentrated ammonium hydroxide, and the solution was 
extracted with two 1-ml. portions of ethyl acetate. The ethyl acetate 
extracts were combined and the solvent was removed with a stream 


The concentration of clindamycin hydrochloride was 1 
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Figure 2--Typica/ gas-liquid chromatogram af acetylated sample 
from high pH (5-8) reaction mixture. Key: Peak I, clindamycin 
triacerate; Peak 2, suspected 7-epilincomycin tetraace fate or 7- 
epiclindamycin triacetate; Peak 3, lincomycin tetraacetate; Peak 4 ,  
unknown; Peak 5,  cholesteryl acetute. 


of nitrogen. To the residue 1.0 ml. of a mixture of pyridine (dried 
over K0H)acetic anhydride ( 2  : 1) containing 10 mg./ml. cholesteryl 
acetate as internal standard was added. After acetylating for 1 hr. 
at loo", the solution was cooled to room temperature and 1 pl. 
was injected into an F & M model 4.02 gas chromatograph ad- 
justed to the following conditions. Samples were partitioned be- 
tween helium carrier gas flowing at 40 ml./min. and 3z OV-1 on 
diatomaceous earth (Gas Chrom Q )  60-80 mesh in a U-shaped 
glass column 120 cm. long x 3 mm. i.d. Columns were precon- 
ditioned by heating at 300" for at least 6 hr. with low helium flow 
and then for 1 hr. under n o  flow conditions. The column tempera- 
ture was 220", flash heater temperature 230°, and flame ionization 
detector 240". Air and hydrogen flow rates were adjusted to give 
maximum response. 


The concentration of clindamycin per sample was obtained by 
comparing clindamycin-internal standard peak height ratios to 
the peak height ratios of a standard curve prepared from known 
amounts of clindamycin. Standard curves were obtained daily. 


Determination of pKa of Clindamycin at  70"-Ten milliliters of 
a 2.0 mg./ml. solution of clindamycin hydrochloride were titrated 
with 0.05 N NaOH in a jacketed vessel at 70" with a Radiometer 


2.7 2.8 2.9 3.0 3.1 3.2 
1 / T  X 10-8, deg.-* 


Figure 3-Arrhenius pIot .for degradution of' clindamycin in 0. I M 
HCI. 


TTTlC titrator and SBRZC titragraph. The average pKa of six 
replicate titrations was 6.90 =t 0.10. 


Identification of Degradation Products-Degradation products 
were identified by mass spectral studies and by comparison of gas- 
liquid chromatographic retention times and thin layer chromato- 
graphic Rf values with authentic samples when available. Mass 
spectra of acetylated clindamycin and degradation products were 
obtained by processing acetylated reaction mixture samples through 
an LKB 9000 gas chromatograph-mass spectrometer and recording 
mass spectra of peaks of interest as they exited from the gas chroma- 
tograph column. Thin layer chromatographic studies were carried 
out by spotting about 50 pl. of clindamycin reaction mixtures on 
Silica Gel G and developing with chloroform-methanol 90: 10. 
Spots were visualized with iodine vapor. 


RESULTS AND DISCUSSION 


Identification of Products-Gas-liquid chromatographic data 
indicated that the mechanism of clindamycin degradation is pH- 
dependent with a change in mechanism occurring in the vicinity of 
pH 4-5. For example, chromatograms similar to  Fig. 1 were ob- 
tained from reaction mixtures whose pH was less than 4, whereas 
samples from reaction mixtures in the pH range 5-8 yielded chro- 
matograms similar to the one shown in Fig. 2. The major product of 
degradation in the pH range 0.4-4, represented by Peak 1 in Fig. 1, 
had a shorter retention time than clindamycin while the major 
degradation product at higher pH, represented by Peak 3 of Fig. 2, 
had a longer retention time than clindamycin. Chromatograms from 
reaction mixtures at pH greater than 8 which were buffered with 
borate, carbonate, or NaOH showed only disappearance of clinda- 
mycin and no other peaks were observed. 


The identity of the major degradation product of clindamycin at 
pH less than 4 was established by mass spectral studies and with a 
knowledge of the reactivity of lincomycin (V), the 7(R)-OH analog 
of clindamycin, in acid. Prescott (5) and Herr and Slomp (6) have 
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Table I-Apparent First-Order Rate Constants of 
Degradation of Clindamycin 


Tempera- k,  sec.-l X 
PH Buffer ture, "C. 10-0 


0.44O 
0 . 5 4  
0.6@ 
0.83a 
1.10= 
1.100 
1.10= 
1.10" 
1.10" 
1.11a 
1.110 
1.94 
1.95 
2.90 
2.95 
3.92 
4.00 
4.07 
4.00 
4.00 
4.00 
4.00 
4.00 
4.80 
4.85 
5.00 
5.00 
5.95 
6.00 
6.00 
6.90 
6.95 
7.25 
7.85 
8.20 
8.30 
8.50 
9.30 
9.50 
9.70 
9.75 


10.00 
11.00 
11.66b 


0.5 MHCI 
0.4 M HCI 
0.3 M HCI 
0 . 2  MHCI 
0.1 M HCi 
0.1 MHCI 
0 .1  MHCI 
0.1 MHCI 
0 .1  MHCI 
0.1 MHCI 
0 . i  MHCI 
0 . 2  M Citrate 
0.2 M Citrate 
0.2 MCitrate 
0 . 2  M Citrate 
0 .2  M Citrate 
0 . 2  M Citrate 
0 .2  MCitrate 
0.2 M Citrate 
0 .2  M Citrate 
0.2 M Citrate 
0 .2  M Citrate 
0.2 M Citrate 
0.2 M Tartrate 
0.2 M Acetate 
0 .2  M Succinate 
0.2 M Citrate 
0 . 2  M Citrate 
0 . 2  M Phosphate 
0 . 2  M Citrate 
0 . 2  M Citrate 
0.2 M Citrate 
0 . 2  M Phosphate 
0.2 M Phosphate 
0.2 M Phosphate 
0 .2  M Phosphate 
0 . 2  M Borate 
0 .2  M Borate 
0.2 M Borate 
0 .2  MBorate 
0 .2  M Borate 
0 . 2  M Borate 
0 . 2  M Carbonate 
0.1 M NaOH 


70 
70 
70 
70 
70 
70 
47 
53 
59 
79 
93 
70 
70 
70 
70 
70 
70 
70 
47 
53 
59 
80 
92 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 


19.0 
19.3 
14.3 
8.25 
4.50 
4.66 
0.0199 
0.252 
1.43 


13.0 
66.5 
0.831 
0.805 
0.295 
0.318 
0.243 
0.249 
0.242 
0.0124 
0.0279 
0.0831 
0.969 
3.62 
0.276 
0.278 
0.280 
0.276 
0.665 
0.620 
0.946 
2.07 
2.89 
4.00 
5.91 
4.08 
7.11 


15.2 
15.5 
16.7 
11.7 
14.9 
29.9 


149 
204 


a Calculated from p H  = - Log f (HCI): whereJHCl) is the experi- 
mental molarity and f is the mean activity coefficient for HCl at  70" 
extrapolated from the literature (4). Calculated from pH = pKw - 
pOH: where pKw = 12.77.at 70" (4), pOH = - Logf(NaOH), (NaOH) 
is the experimental molarity, and f is the mean activity coefficient for 
NaOH extrapolated from the literature (4). 


reported that lincomycin (V) degrades in acid cia thioglyco- 
side hydrolysis to form I-dethiomethyl-I-hydroxylincomycin and 
methyl mercaptan. Clindamycin might be expected to react in acid 
in a manner similar to lincomycin and mass spectral data indicate 
that the molecular weight of the compound represented by Peak 1 
of Fig. 1 is 562. This molecular weight corresponds to acetylated 
I-dethiomethyl-I-hydroxyclindamycin which indicates that I1 in 
Scheme I is the major product of clindamycin degradation at pH 
less than 4. 


I1 can be detected gas chromatographically as the predominant 
reaction product for about three clindamycin half-lives after which 
it begins to disappear. The decrease in magnitude of the gas- 
liquid chromatographic peaks of I1 and clindamycin at extended 
reaction times is accompanied by the appearance of several small 
peaks of shorter retention time. This further degradation may result 
from breakdown of the sugar moiety or amide hydrolysis (6). 


Peak 2 of Fig. 1 represents another product of clindamycin 
degradation at pH less than 4 which is present in the early stages 
of the reaction. As the reaction proceeds, Peak 2 behaves similarly 
to Peak 1 and decreases in magnitude after about three clindamy- 
cin half-lives. Since thioglycoside hydrolysis proceeds through a 
carbonium ion intermediate (7), the products of clindamycin would 
be methyl mercaptan and an anomeric mixture of 11. Mass spectral 
studies indicated that Peak 1 represents one of the anomers and 


I I I 
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Figure 4-Arrhenius plot of clindarnycin degradation at p H  4 in 
0.2 M citrate buffer. 


Peak 2 may represent the other. The identification of Peak 2 was 
not attempted. 


Lincomycin (V) was identified as the major degradation product 
of clindamycin at pH greater than 5. Mass spectral studies of Peak 
3 of Fig. 2 showed that the molecular weight of this compound was 
574, the molecular weight of acetylated lincomycin. Further, the 
gas-liquid chromatographic retention time of Peak 3 of Fig. 2 is 
identical to authentic lincomycin tetraacetate. Lincomycin, as well 
as clindamycin, is unstable in the pH range 5-8 as both Peaks 1 and 
3 of Fig. 2 disappear at long reaction times. One possible route of 
degradation of lincomycin and clindamycin at extended reaction 
times is amide hydrolysis. 


It is obvious from Fig. 2 that lincomycjn is not the sole product 
of clindamycin degradation at pH 5-8. At least two other reaction 
products are represented by Peaks 2 and 4 of Fig. 2. Both Peaks 
2 and 4 represent minor products and neither was ever present in 


0 100 200 300 400 500 


Figure 5-Apparent first-order disappearance ofdindamycin iiz 0.1 M 
HClai carious temperatures. K e y :  0 47",  0 53". A59", 0 69". 
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Figure 6-pH-Rute profile of cliiidamycii? degrrrdcitioii cit 70 '. 


amounts greater than that shown in Fig. 2. Peak 2 may represent 
acetylated 7-epilincomycin or acetylated 7-epiclindamycin since its 
retention time was identical to authentic samples of each. Magerlein 
has reported the formation of a trace of 7-epilincomycin after re- 
fluxing an aqueous solution of clindamycin at pH 7.8 (8). Peak 4 
of Fig. 2 was not identified. 


Although lincomycin (Vj  and Peaks 2 and 4 of Fig. 2 could not 
be detected above pH 8 by GLC, TLC of these reaction mixtures 
indicated that some of these degradation products were present 
but were not being extracted for gas chromatographic assay. Thin 
layer chromatograms of the reaction mixtures above pH 8 showed 
clindamycin and lincomycin by comparison with authentic samples 
and three other spots which were not identified. Gas chromato- 
grams of reaction mixtures below pH 8 showed that the major deg- 
radation products were extracted by ethyl acetate. The sum of the 
moles of acetylated IV (Scheme I) and clindamycin between pH 
5 and 8 and of acetylated I1 and clindamycin below pH 5 was 
greater than 90% of the initial clindamycin concentration in the 
early stages of the reaction. 


Temperature-Rate Studies-Arrhenius plots of clindamycin deg- 
radation in 0.1 M HCI and at pH 4 are shown in Figs. 3 and 4. 
The activation energy for clindamycin degradation in 0.1 M 
HCI was calculated to be 38.0 It 1.2 kcal./mole. The principal 
degradative pathway in 0.1 M HC1 is hydrolysis of the I-thio-a-D- 
galactopyranoside moiety of clindamycin at Position 1 to form 
I-dethio-I-hydroxy-clindamycin (11) and methyl mercaptan (Scheme 
I). The activation energy for clindamycin degradation in 0.1 M 
HCI falls in the 30-38 kcal./mole range reported by other investi- 
gators for acid degradation of compounds of similar structure such 
as alkyl I-thio-8-o-glucopyranosides (9), alkyl @-D-xylopyranosides 
(lo), and alkyl a- and 8-D-glucopyranosides (11). 


The activation energy for clindamycin degradation at pH 5 ,  the 
pH of maximum stability, was calculated to be 29.1 i 0.6 kca1.i- 
mole. Using the rate constants in Table I and the appropriate activa- 
tion energy. the prediction can be made that clindamycin in pharma- 
ceutical formulations adjusted to pH 1-6.5 will not degrade by more 
than 10% after 2 years at 25". 


pH-Rate Studies-Clindamycin disappeared from reaction 
mixtures by an apparent first-order process under all of the con- 
ditions studied. Some typical log clindamycin concentration-time 
curves are shown in Fig. 5. 


The effect of pH on the rate of clindamycin degradation in the 
pH range 0.40-12 at 70" is shown in Fig. 6. 


Different buffer species did not appear to significantly influence 
the rate of degradation since a continuous curve was obtained for 
the pH profile and since the rate constant did not vary with dif- 
ferent buffers at the same pH (Table I). 


The pH profile of clindamycin (Fig. 6) shows that the rate of 
degradation increases with decreasing pH in the pH range 0.4-4. 
This is expected since both major degradative routes in this pH 
region, thioglycoside and amide hydrolysis, are susceptible to 
hydrogen ion catalysis. Being of similar structure, lincomycin (V) 
should also degrade by these two routes in acid media and the rate 
constant should agree with that of clindamycin when reacted under 
similar conditions. Forist, et al. (12) studied the degradation of V 
in 0.1 N HCI at 70" and the rate constant of 4.85 X set.-' 


calculated from their data agrees quite favorably with the clinda- 
mycin values in Table I. 


In the pH range 5-12 the degradative rate increases with increas- 
ing pH with an inflection point in the pH 9-10 region. GLC and 
TLC of reaction mixtures in this pH region show that at least four 
products are formed bpdhdamycin degradation. The times of ap- 
pearance of the various mducts  and their relative concentrations 
indicate parallel reactions. Assuming there are parallel reactions 
occurring, the shape of the pH-rate profile in Fig. 6 in the pH 4-12 
region might be interpreted as follows. In the pH 4-9 region all 
degradative rates are increasing with increasing pH with one of the 
reactions predominating. Above pH 9 the rate constant of the reac- 
tion which was predominating at pH 5-9 becomes constant but the 
rates of the other reactions continue to increase with increasing pH. 


Gas-liquid and thin layer chromatographic data of this study 
show that the predominant degradative reaction at pH 5-9 is con- 
version to lincomycin (V). Results of studies by Magerlein (8, 13) 
show how the rate of lincomycin conversion could be predominant 
in this pH range and then become constant above pH 9. Magerlein 
has postulated that conversion to lincomycin occurs through the 
oxazolonium ion intermediate (VII) shown in Scheme I1 and that 
the extent of conversion is highly dependent on the participating 
ability of the substituent on the amide carbonyl(l3). For example, 
solvolysis is anchimerically assisted by the neighboring amide 
carbonyl if the carbonyl substituent is methyl, whereas when R1 
is a strong electron withdrawing group such as trifluoromethyl, 
participation does not occur. Magerlein also reports that the 7(S)-C1 
position of clindamycin is resistant to direct Sh-2 nucleophilic dis- 
placement (8). 


R? 
VI 


VJII 


0 HO-c--H 
h , II I 


R,-C-HN-C--H 
I 
R, 


IX 


Scheriie I1 


I n  the present study no conversion to lincomycin was observed 
at pH values less than 5, whereas lincomycin was detected by GLC 
or TLC in all reaction mixtures buffered to pH values greater than 
5. Assuming that the protonated form of the N-methyl-4-propylpyr- 
rolidine portion of clindamycin (R)) is analogous to trifluoromethyl 
as a nonparticipating substituent and kl << kz, no conversion to 
lincomycin would be expected in the pH range where Rl is fully 
protonated, i.e., at pH values less than 5. On the other hand, it is 
possible that lincomycin can be detected in the pH 5 reaction mix- 
tures because the small amount of nonprotonated R1 has facilitated 
conversion to lincomycin and the increase in rate of clindamycin 
degradation is partly due to this reaction. As the pH increases the 
rate of conversion to lincomycin increases due to the presence of 
more nonprotonated R,. The leveling trend in the pH profile at pH 
9, two pH units above the pKa of 6.90, might be due to a constant 
rate of lincomycin conversion since at pH 9 and above all of RI 
exists in the nonprotonated form. The further increase in overall 
rate above pH 10 might then be due to an increase in the rate of 
other reactions such as amide hydrolysis. 
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The relationship between pH and the mechanism of clindamycin 
degradation could be summed as follows. Below pH 4 clindamycin 
degrades via thioglycoside and amide hydrolysis with thioglycoside 
hydrolysis predominant in the pH range 0.4-4. Above pH 5 clinda- 
mycin degrades by conversion to lincomycin and by other reactions 
such as amide hydrolysis. The extent of lincomycin conversion is 
dependent on the degree of protonation of the N-methyl-4-propyl- 
pyrrolidine moiety. At pH less than 5 where the amine is fully 
protonated no conversion to lincomycin occurs. Then this process 
can be detected in the vicinity of pH 5 and its rate increases as pH 
increases to pH 9 and then becomes constant since the amine func- 
tion is completely nonprotonated. The overall rate of clindamycin 
degradation continues to increase with increasing pH above pH 
9, however, due to the hydroxide ion dependency of the other 
degradative routes. 
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Coumarins XI: A Total Synthesis of (=+Columbianetin 


M. SHIPCHANDLER”, T. 0. SOINEt, and P. K. GUPTAI 


Abstract 0 (f )-Columbianetin [(+)-I] has been synthesized by a 
ten-step sequence starting with 2,6-dihydroxybenzoic acid which 
was converted t o  the methyl ester, benzylated, and reduced to  the 
benzyl alcohol which was oxidized to the aldehyde and monode- 
benzylated to provide 2-hydroxy-6-benzyloxybenzaldehyde (VI). 
Treatment of VI with methyl bromoacetate converted it t o  methyl 
3-benzyloxy-2-formylphenoxyacetate which was cyclized to  methyl 
4-benzyloxybenzofuran-2-carboxylate, the latter being converted 
to 2-(~u-hydroxyisopropyl)-4-benzyloxybenzofuran (XIV) by the 
action of CH3MgI. Reduction and debenzylation of XIV to the 
corresponding dihydrobenzofuran followed by acid-catalyzed con- 
densation with ethyl propiolate provided (+)-I. 


Keyphrases 0 (j=)-Columbianetin-total synthesis 0 TLC- 
separation identity 0 Mass spectroscopy-identity 0 UV spectro- 
photometry-identity 0 IR spectrophotometry-identity 0 NMR 
spectroscopy-identit y 


The isolation of two new coumarins from the umbel- 
lifer, Lomutium columbiunum Math. and Const., was 
reported in 1964 (1). One of these coumarins, a glycoside 
assigned the name columbianin, has since been shown to 
occur in L. dissectum var. multifdum (Nutt.) Math. and 
Const. (2) and L. nuttallii (A .  Gray) Macbr. (3). Acid 
hydrolysis of columbianin yielded D-glucose and a 
tertiary coumarinic aglycone, columbianetin (I) and 
led to the postulation of I1 as the structure for the gly- 
coside. More recent studies (4) have revised the structure 
to 111, i.e., the P-D-gentiobioside of I(II1). The other 
coumarin, columbianadin, was assigned Structure IV, 


i.e., the angelate ester of I, and has been found in 
Peucedanum palustre ( 5 )  as well as in Zosimiu ubsin- 
thifoiiu (Vent.) Link (6,7). The absolute configuration of 
I has been shown to be 8(S) (8). 


I , R = H  
11, R = D - G ~ U C O S ~ I  


111, R = p-u-Gentiobiosyl 
IV. R = Angeloyl 


I 


OH 


The recent total synthesis of marmesin (V) and its 
optical antipode, nodakenetin, by Nakajima et ul. (9) 
and confirmed by Harada et ul. (10) in a study of the 
absolute configuration suggested that a similar synthesis 
could be applied to the preparation of I by utilizing 
2-hydroxy-6-benzyloxybenzaldehyde (VJ) as starting 
material in place of the isomeric 2-hydroxyd-benzyl- 
oxybenzaldehyde employed by these workers. The 
preparation of VI from 2,6-dihydroxybenzaldehyde 
(ie., y-resorcylaldehyde) was the obvious route but a 
survey of the literature pertaining to the preparation of 
the latter (11-15) indicated that all of the published 
methods were characterized by poor overall yields as 
well as lengthy synthetic sequences. Thus, a synthesis of 
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Simultaneous Determination of Nonderivatized 
Phenylpropanolamine, Glyceryl Guaiacolate, 
Chlorpheniramine, and Dextromethorphan 
by Gas Chromatography 


ERNEST MARIO and LAWRENCE G .  MEEHAN 


Abstract A gas chromatographic procedure is described for the 
rapid and quantitative determination of phenylpropanolamine, 
glyceryl guaiacolate, chlorpheniramine, and dextromethorphan in 
a commercially available cough-cold preparation. Pramoxine is 
used as the internal standard. The active ingredients are extracted 
in chloroform and injected without further treatment. A single 
chromatogram, obtained isothermally, quantitatively resolves all 
four ingredients. 


Keyphrases 0 Phenylpropanolamine, glyceryl guaiacolate, chlor- 
pheniramine, dextromethorphan-simultaneous determination 0 
GLC-analysis 0 Pramoxine-GLC internal standard 


In recent years, the introduction of cough-cold 
preparations containing several active ingredients has 
increased sharply. The combining of antitussive, anti- 
pyretic, and antihistaminic drugs has distinct com- 
mercial advantages in that several cough-cold symptoms 
can be treated simultaneously with a single prepara- 
tion. However, these combination-dose forms present 
serious difficulties to the quality control analyst who 
is concerned with identification and independent quanti- 
tation of each active ingredient. Classical wet methods 
are time consuming, expensive, and frequently of little 
use when the physical-chemical properties of two 
or more ingredients are relatively similar. The ap- 
plicability of gas chromatography to  pharmaceutical 
analysis is well documented in the literature (1-lo), and 
the resolution of many types of mixtures has been pub- 
lished. Serious difficulties are often encountered when 
relatively polar compounds of high molecular weight are 
chromatographed (1 1). These materials often exhibit 
excessive tailing, and the selection of the liquid phase 
becomes very critical if resolution is to  be obtained. 
The problem is compounded when active ingredients of 
widely divergent polarities are present in a given mix- 
ture. In a recent article, Hishta and Laubach (12) 
analyzed a mixture of phenylpropanolamine, phenyl- 
ephrine, phenyltoloxamine, and chlorpheniramine by 
gas chromatography after forming the bistrimethyl- 
silylacetamide (BSA) derivative. 


This investigation was undertaken to  study the ad- 
visability of using a low liquid load of nonpolar silicon 
rubber SE-30 in a modified all-glass system for the 
resolution of a multicomponent drug mixture contain- 
ing ingredients of widely divergent polarities without 
the use of derivatives. In initial studies utilizing metal 
columns, it was found that the results were often in- 
consistent, showing incomplete recovery and excessive 
peak tailing. Apparently the active ingredients, when 
present in the free base form, interact in some way with 
metal surfaces. On modification to an all-glass, on- 


column injection system, these problems were elim- 
inated. 


EXPERIMENTAL 


Equipment-A Varian Aerograph model 1200-1 with flame 
ionization detector was used for the experimental work. The column 
used was a 2.44-m. (8-ft.) coiled Pyrex glass, 0.32-cm. (0.125-in.) 
o.d., packed with 275 SE-30 on 80/100-mesh diatomite [Chromosorb 
W (HP), acid washed and silanized]. Gas flow rates of 30 ml./min. 
for hydrogen, 30 ml./min. for helium, and 300 ml./min. for air were 
used. The instrument was modified by replacing the 0.64-cm. 
(0.25-in.) injection port containing 0.32-cm. (0.125 in.) metal inserts 
with an 0.32-cm. (0.125-in.) injection port, and the column was 
extended through the port to  the septum. Injection was on-column, 
and therefore the sample did not come in contact with any metal 
surface except for the brief instant it passed through the syringe 
needle during injection. The detector oven and injection port were 
maintained at 270". The column oven temperature was held iso- 
thermal at 180" through the analysis. 


Reagents-The pramoxine internal standard was prepared by 
weighing approximately 1 g. of pramoxine hydrochloride of known 
purity into a 250-ml. separator containing 25 ml. of deionized water. 
After solution was effected, 25 ml. of 50% sodium hydroxide solu- 
tion was added cautiously to the aqueous phase in the separator 
while cooling under cold tap water. This solution was then extracted 
with four 20-ml. portions of chloroform. The chloroform extracts 
were filtered through cotton and pooled in a IOO-ml. volumetric 
flask. The total volume was adjusted to  100 ml. with chloroform. 
The solution, when refrigerated, was stable for approximately 6 
weeks. 


Sample Preparation-A commercially available cough-cold 
preparation was analyzed in this study.' The sample was prepared 
by pipeting 25.0 ml. of the "cough syrup" into a 250-ml. separator. 
Five milliliters of concentrated hydrochloric acid was added and 
the sample extracted with three 30-ml. portions of carbon tetra- 
chloride. The carbon tetrachloride extracts were pooled and back- 
washed once with 30 ml. of deionized water. The aqueous extracts 
were pooled in a 250-ml. separator and the carbon tetrachloride 
phase discarded. Twenty-five milliliters of 50% sodium hydroxide 
was then added cautiously to the aqueous phase and cooled periodi- 
cally under cold tap water. The sample was then extracted with 
seven 30-ml. portions of chloroform, adding 5 g. of sodium chloride 
to the combined phases during each of the first four extracts. The 
chloroform extracts were filtered through cotton and pooled in a 
250-ml. wide-mouth beaker. The extracts were evaporated continu- 
ously (but never to dryness) on a steam bath with a stream of forced 
air. Evaporation was continued until approximately 25 ml. of the 
combined chloroform extracts remained. This volume was trans- 
ferred quantitatively to a 50-ml. volumetric flask to which 5.0 ml. 
of the pramoxine internal standard reagent had been added. The 
total volume was adjusted to 50 ml. with chloroform. 


Standard Preparation-A standard was prepared by weighing to 
the nearest tenth of a milligram approximately 55 mg. of phenylpro- 
panolamine hydrochloride, 75 mg. of glyceryl guaiacolate, 5 mg. of 
chlorpheniramine maleate (prepared by weighing and dissolving 100 
mg. of chlorpheniramine maleate into 100.0 ml. of deionized water 
and pipeting 5 ml. of this stock solution), and 37.5 mg. of dextro- 


~ 


* Coldene Cough and Cold, trade name of Pharmacraft Division, 
Pennwalt Corp., Rochester, NY 14623 
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Figure 1-Typrcul rhromutogrnm. Key: A ,  phenylpropanolamine; 
B, giyceryl guaiucolute; C, chlorphenirumine; D ,  dextromethorphun; 
and E, pramoxine. 


methorphan hydrobromide into a 250-ml. separator containing 
approximately 25 ml. of deionized water. After solution was 
effected, this standard solution was treated exactly as described 
for the sample solution, including the addition of 5.0 ml. of 
pramoxine. 


Procedure and Analysis-A 10-pl. Hamilton syringe equipped 
with a Chaney adapter was used to inject 2.0 pl. of the sample and 
standard solutions alternately. Values were calculated by peak 
height measurement. Since a completely synthetic standard was 
prepared in a manner identical to the procedure used to obtain the 
sample, and the detector response was linear within concentrations 
of 2 ~ 2 5 %  of theory (see Results and Discussion), the ratio of the 
peak heights in the internal standard to each unknown could be 
stated in constant proportion to the ratio of their amounts, that is 


and 


where H ,  is the peak height of the individual component to be 
analyzed, H, is the peak height of the pramoxine internal standard, 
C, is the concentration of the component in mg./ml., C, is the con- 
centration of the pramoxine internal standard in mg./ml., a is the 
ratio within the standard solution, and 0 is the ratio within the 
sample solution. Combining Eqs. 1 and 2, 


Rearranging Eq. 3, 


But the concentration of the internal standard is held constant in 
both the sample (0) and the standard (a) solutions. Therefore, Eq. 4 
simplifies to 


Since the term [C& is known, and [H,IH& and [H,IH& are mea- 
sured experimentally, Eq. 5 can be solved for [Cr]s (the mg./ml. of un- 
known in sample). The values obtained from Eq. 5 were compared to 


Table I-Evaluation of the Linearity of Detector Response in 
Samples Containing 75 and 125% of Theoretical Drug Quantities 


Theoretical, Found, % Theory 
Ingredient mg./5 ml. mg./5 ml. Recovered 


Phenylpropanolamine 8.25 8.44 102.30 
13.75 13.94 101.38 


Glyceryl guaiacolate 11.25 11.06 98.31 
18.75 18.93 100.96 


Chlorpheniramine 0.75 0.74 98.66 
1.25 1.25 100.00 


Dextromethorphan 5.63 5.72 101.60 
9.38 9.33 99.47 


the theoretical amounts of each component and the percent re- 
covered calculated. 


RESULTS AND DISCUSSION 


A typical chromatogram i s  shown in Fig. 1. All the peaks are 
symmetrical and well resolved. Table I contains data of the detector 
response in a concentration range of h 2 5  of the theoretical drug 
quantities contained in the sample preparation. Table I1 contains 
the recovery data for the four active ingredients in duplicate samples 
of 10 different lots of the cough preparation calculated from peak 
height values. Precision and accuracy data are also presented and 
indicate excellent reproducibility. 


The initial preextraction of the cough preparation with carbon 
tetrachloride was necessary to remove the organic soluble flavor and 
coloring additives which interfere with the chromatogram. 


A simplified single-injection, gas chromatographic method for 
determining phenylpropanolamine, glyceryl guaiacolate, chlor- 
pheniramine, and dextromethorphan in a commercially available 
cough preparation has been presented. The use of an isothermal 
method results in excellent resolution of all four components not 
withstanding their widely divergent polarities and boiling points. 
The modification of the chromatograph to an all-glass, on-column 
injection system yields quantitative, reproducible results. The pro- 


Table 11-Experimental uersus Theoretical Quantities of Drug 
Actives Calculated from Peak Height Data - 


mg./5 ml. 7 


Phenyl- Glyceryl Chlor- Dextro- 
propanol- Guaiaco- phen- methor- 


amine late iramine phan 


Theoretical quantity 
Lot A (1) 


(2) 
Lot B (1) 


(2) 
Lot c (1) 


(2) 
Lot D (1) 


(2) 
Lot E (I) 


(2) 
Lot F ( I )  


(2) 
Lot G (1) 


(2) 
Lot H ( I )  


(2) 
Lot I (1) 


(2) 
Lot J (1) 


(2) 
Average 
Relative SD of 


preparation, 
Relative SD of 


preparation from 
label claim, 


11.0 15.0 1 .OO 
11 .o 14.6 0.98 
11.2 15.0 1.02 
11.1 15.2 1 .OO 
10.6 14.6 1.01 
11 .o 15.6 1.04 
11 .o 15.0 1.01 
10.7 15.9 1.02 
10.7 15.5 1.04 
11.1 15.3 1.05 
11.0 15.5 1.03 
11.2 15.6 1.01 
10.5 14.6 0.96 
11.0 14.7 0.97 
11.0 15.3 0.97 
10.8 15.4 1.02 
10.8 15.2 0.99 
11.1 15.7 1.04 
11.0 15.6 1.03 
10.0 15.0 0.99 
10.6 14.9 0.98 
10.9 15.2 1.01 


1.99 2.55 2.51 


2.28 2.98 2.79 


7 .5  
7.4 
7.6 
8 . 0  
7.8 
1 . 2  
7 .4  
7.8 
7 .6  
7 . 4  
7 .2  
7.5 
7.3 
7 .2  
7 . 4  
7 . 4  
7 . 6  
7.4 
7.7 
7.4 
7 .4  
7.5 


2.74 


2.74 
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cedure described in this paper is being applied to a series of complex 
pharmaceutical mixtures which will be the subjects of future articles. 
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Utilization of the Solids Processor for Preparation of 
Tablet Granulations 


FRANK W. GOODHART, J. RONALD DRAPER, and FRED C. NINGER 


Abstract 0 Various factors relating to the use of vacuum tumble 
dryers for the preparation of tablet granulations were studied. A 
dryer was employed (the 1-cu. ft. solids processor) which has a 
working capacity of 15-18 kg. for most pharmaceutical granula- 
tions. A typical process involves the wetting of the substrate with a 
drug solution and then drying at a predetermined temperature and 
vacuum. It was found that uniform drug distribution for low-dose 
tablet formulations could be obtained. Drying rates were deter- 
mined for spray-dried lactose and dicalcium phosphate dihydrate 
at two temperatures and three tumbling speeds. Drying times 
varied from 35 to 60 min. A series of modified direct compression 
formulations was studied in which microcrystalline cellulose was 
used at two levels; two lubricants, calcium stearate and stearic acid, 
were employed; and lubricant addition was carried out by two 
methods, internal and external. The effects of these factors on 
tableting characteristics were monitored by an instrumented tablet 
machine (Stokes BB-2), and the final physical properties of the 
tablets were determined. A series of antacid granulations was 
prepared in which the influence of mixing time and the amount of 
granulating fluid was varied. The resulting granulations and tablets 
were characterized as described above. 


Keyphrases 0 Solids processor-preparation, tablet granulations 
0 Tablet granulations, preparation-solids processor 0 Vacuum 
tumble dryers-data, mixing, drying, formulation, processing 
factors 


New technology for the formulation of solid dosage 
forms has been developed over the past 5-10 years. 
The availability of new materials per se, new forms of 
old materials, and the invention and utilization of new 
machinery have allowed the formulation and manu- 
facture of many products by simplified methods. Thus, 
the use of direct compression of medicinals, especially 


those in the low- and medium-dose range, has overtaken 
older traditional methods of wet granulation and 
slugging. Emphasis on faster dissolution rate and pro- 
viding the drug in a readily available form are other 
reasons for updating tablet formulation and technology. 


Some methods for simplified processing of tablet 
granulations have been described. A spray-drying 
process was reported by Raff et al. (1). A placebo 
granulation was prepared by spray drying and the 
drug, colorant, and tablet lubricant were added to the 
granulation and blended. A one-step spray-drying 
process could conceivably be feasible if the high inlet 
temperature would not physically or chemically affect 
the drug. Later, Kornblum described a spray-drying 
process for the preparation of a granulation for the 
formulation of sustained-action tablets (2). 


The Littleford-Lodge mixer has been shown to be of 
value in mixing small quantities of active ingredients 
with inert diluents (3) .  In experiments using 250 mcg. 
of micronized salicylamide per 100 mg. of terra alba, 
coefficients of variation for drug content were from 
about 1 to 4% over a 0.5-10-min. interval of mixing. 
Mixing unmicronized salicylamide gave a significantly 
higher coefficient of variation. 


An air-suspension technique for the preparation of 
tablet granulations was described by Wurster (4). These 
granulations were 16-20% active by weight, and devia- 
tion of content from theory was about -1 to +6%. 
The amount of solids lost was 1-8 %. 


Some of these methods might be satisfactory for 
active products in the low-dose range, arbitrarily in the 


540 Journal of Pharmaceuticul Sciences 








Benzyl Alcohol Penicillin Solution (Solution D)- 
A sterile aqueous solution of benzyl alcohol (0.5%) 
was used as the vehicle to prepare the buffered penicillin 
solution. 


Results and Discussion-The data from Table I show 
that the amounts of potassium penicillin G remaining 
in the control solution (Solution A) at specific times 
after the start of the experiment coincide rather well 
with predicted values which were calculated from 
published tables (20). Furthermore, it is noteworthy 
that the observed residual penicillin concentrations in 
the ethanol (Solutions B and C) as well as the benzyl 
alcohol (Solution D) solutions compared favorably 
with those of the penicillin control (Solution A). 


Thus, these experiments have shown that potassium 
penicillin G can be mixed with ethanol solutions of con- 
centrations as high as 70% for up to 10 days, with no 
greater loss than penicillin in aqueous solution. In a 
similar manner, it has been shown that benzyl alcohol, 
at  a concentration of 0.5 %, will not cause a decrease in 
stability of potassium penicillin G when in contact with 
the antibiotic for periods up to 10 days. 
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REVIEWS 


Experimental Methods in Pharmacology. By CHARLFS 0. WARD. 
St. John’s University Press, Jamaica, NY 11432, 1969. 119 pp. 
15 x 23 cm. 
This small book briefly describes 62 experiments under 18 different 


chapter headings. Some of the subjects covered are local anesthetics, 
psychotropic drugs, anticonvulsants, muscle relaxants, topical 
drugs, antihistamines, and diuretics. Most of the experiments de- 
scribed are time-tested. Unfortunately the book is not of general 
value even though it is well suited to  the author’s laboratory. The 
descriptions of the experiments are very short and in many cases not 
too informative. Many numbers are missing for dosages and stimu- 
lus parameters; no statement of the intent of the blank spaces is 
given. This reviewer presumes that the student is to furnish the num- 
bers by reference to the literature. 
In some cases the experiments are so inadequately described as to 


be seriously misleading. An example is the experiment on measuring 
blood flow with a rotameter. The obvious requirement that flow 


measurements must have simultaneous pressure measurements to 
have physiological meaning is ignored. In addition the use of the 
carotid artery is questionable because of the parallel flow (unmea- 
sured) through three other large arteries. 


The book is marred by many typographical errors; some of these 
are quite humorous, such as untravenously and cammula. Dosages 
are given in variable units; cc. of solution per kgm. or by weight per 
kgm. Anesthesia seems to have been omitted in some experiments in 
which it seems indicated. In an experiment in which painful stimuli 
are applied to a guinea pig, no description of the animal’s response is 
given. 


This edition of “Experimental Methods in Pharmacology” cannot 
be recommended for general use. The ideas behind it are excellent, 
and a revision based on discussions with other pharmacology 
teachers would be a welcome addition. 


Reviewed by R. P. Ahlquist 
Medical College of Georgia 
Augusta, GA 30902 W 
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